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THE  ASSOCIATION. 


OBJECTS. 

THE  ASSOCIATION  contemplates  no  interference  with  the  ground  occupied 
by  other  institutions.  Its  objects  are : — To  give  a  stronger  impulse  and 
a  more  systematic  direction  to  scientific  inquiry, — to  promote  the  inter- 
course of  those  who  cultivate  Science  in  different  parts  of  the  British 
Empire,  with  one  another  and  with  foreign  philosophers, — to  obtain  a 
more  general  attention  to  the  objects  of  Science,  and  a  removal  of  any 
disadvantages  of  a  public  kind  which  impede  its  progress. 

KULES. 

Admission  of  Members  and  Associates. 

All  persons  who  havo  attended  the  first  Meeting  shall  be  entitled 
to  become  Members  of  the  Association,  upon  subscribing  an  obligation 
to  conform  to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical 
Societies  publishing  Transactions,  in  the  British  Empire,  shall  be  entitled, 
in  like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees, 
of  Philosophical  Institutions  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Coun- 
cil or  Managing  Committee  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the 
General  Committee  or  Council  to  become  Life  Members  of  the  Asso- 
ciation, Annual  Subscribers,  or  Associates  for  the  year,  subject  to  the 
approval  of  a  General  Meeting. 

Compositions,  Subscriptions ,  and  Privileges. 

LIFE  MEMBERS  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  gratuitously  the  Reports  of  the  Association  which  may  be 
published  after  the  date  of  such  payment.  They  are  eligible  to  all  the 
offices  of  the  Association. 

ANNUAL  SUBSCRIBERS  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  tho  sum  of  One  Pound.  They  shall  receive 
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gratuitously  the  Reports  of  the  Association  for  the  year  of  their  admission 
and  for  the  years  in  which  they  continue  to  pay  without  intermission  their 
Annual  Subscription.  By  omitting  to  pay  this  subscription  in  any  par- 
ticular year,  Members  of  this  class  (Annual  Subscribers)  lose  for  that  and 
all  future  years  the  privilege  of  receiving  the  volumes  of  the  Association 
gratis ;  but  they  may  resume  their  Membership  and  other  privileges  at  any 
subsequent  Meeting  of  the  Association,  paying  on  each  such  occasion  the 
sum  of  One  Pound.  They  are  eligible  to  all  the  offices  of  the  Association. 
ASSOCIATES  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 

The  Association  consists  of  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on 
admission  Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to 
tjie  payment  of  One  Pound  annually.   [May  resume  their  Membership  after 
intermission  of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the 
payment  of   Two  Pounds  for  the  first  year,  and  One  Pound  in  each 
following  year.     [May  resume  their  Membership  after  intermission  of 
Annual  Payment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  bo  entitled  to  receive  the  annual 
volume  of  Reports,  gratis,  or  to  purchase  it  at  reduced  (or  Members*) 
price,  according  to  the  following  specification,  viz. : — 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845, 
a  further  sum  of  Five  Pounds. 

New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 

Annual  Members  ivho  have  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Members1  Price ,  viz.,  two-thirds  of  the  Publication  Price. 

— Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  but  no  further  sum  as  a  Book 
Subscription. 

Annual  Members  who  have  intermitted  their  Annual  Subscription. 

Associates  for  the  year.  [Privilege  confined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  volumes  of  the  Reports  of  the  Association  up  to  1874, 
of  which  more  than  15  copies  remain,  at  2s.  6J.  per  volume.1 

Application  to  be  made  at  the  Office  of  the  Association. 
Volumes  not  claimed  within  two  years  of  the  date  of  publication  can 
only  be  issued  by  direction  of  the  Council. 

Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

1  A  few  complete  sets,  1831  to  1874,  are  on  sale,  at  £iO  the  set. 
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Meetings* 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The 
place  of  each  Meeting  shall  be  appointed  by  the  General  Committee  not 
less  than  two  years  in  advance  1 ;  and  the  arrangements  for  it  shall  be 
entrusted  to  the  Officers  of  the  Association. 

General  Committee. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

CLASS  A.    PERMANENT  MEMBERS. 

1.  Members  of  the  Council,  Presidents  of  the  Association,  and  Presi- 
dents of  Sections  for  the  present  and  preceding  years,  with  Authors  of 
Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  by  the  publication  of  Works  or  Papers  have  fur- 
thered the  advancement  of  those  subjects  which  are  taken  into  considera- 
tion at  the  Sectional  Meetings  of  the  Association.     With  a  view  of  sub- 
mitting new  claims  under  this  Rule  to  the  decision  of  the  Council,  they  must  be 
sent  to  the  Assistant  General  Secretary  at  least  one  month  before  the  Meeting 
of  the  Association.     The  decision  of  the  Council  on  the  claims  of  any  Member 
of  the  Association  to  be  placed  on  the  list  of  the  General  Committee  to  be  final. 

CLASS  B.    TEMPORARY  MEMBERS.2 

1.  Delegates  nominated  by  the   Corresponding   Societies  under  the 
conditions  hereinafter  explained.     Claims  under  this  Rule  to  be  sent  to  the 
Assistant  General  Secretary  before  the  opening  of  the  Meeting. 

2.  Office-bearers  for  the  time  being,  or  delegates,  altogether  not  ex- 
ceeding three,  from  Scientific  Institutions  established  in  the  place  of 
Meeting.     Claims  under  this  Ride  to  be  approved  by  the  Local  Secretaries 
before  the  opening  of  the  Meeting. 

3.  Foreigners  and  other  individuals  whoso  assistance  is  desired,  and 
who  are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by 
the  President  and  General  Secretaries. 

4.  Vice- Presidents  and  Secretaries  of  Sections. 

Organising  Sectional  Committees.3 

The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  several  Sec- 
tions are  nominated  by  the  Council,  and  have  power  to  exercise  the  func- 
tions of  Sectional  Committees  until  their  names  are  submitted  to  the 
General  Committee  for  election. 

From  the  time  of  their  nomination  they  constitute  Organising  Com- 
mittees for  the  purpose  of  obtaining  information  upon  the  Memoirs  and 
Reports  likely  to  be  submitted  to  the  Sections,  *  and  of  preparing  Reports 

1  Revised  by  the  General  Committee,  Liverpool,  18%. 

2  Revised,  Montreal,  1884. 

:<  Passed,  Edinburgh,  1871,  revised,  Dover.  18DJ). 

1  Notice  to  Contributors  of  M'mmra.—  Authors  ;iru  reminded  that,  under  an 
arrangement  dating  from  1871,  the  acceptance  of  Memoirs,  and  the  days  on  which 
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thereon,  and  on  the  order  in  which  it  is  desirable  that  they  should  fee 
read.  The  Sectional  Presidents  of  former  years  are  ex  officio  members 
of  the  Organising  Sectional  Committees.1 

An  Organising  Committee  may  also  hold  such  preliminary  meetings  as 
the  President  of  the  Committee  thinks  expedient,  but  shall,  under  any 
circumstances,  meet  on  the  first  Wednesday  of  the  Annual  Meeting,  at 
2  P.M.,  to  appoint  members  of  the  Sectional  Committee.2 

Constitution  of  the  Sectional  Committees.* 

On  the  first  day  of  the  Annual  Meeting,  the  President,  Vice-Presi- 
dents, and  Secretaries  of  each  Section,  who  will  be  appointed  by  the 
General  Committee  at  4  P.M.,  and  those  previous  Presidents  and  Vice- 
Presidents  of  the  Section  who  may  desire  to  attend,  are  to  meet,  at  2  P.M., 
in  their  Committee  Rooms,  and  appoint  the  Sectional  Committees  by 
selecting  individuals  from  among  the  Members  (not  Associates)  present 
at  the  Meeting  whose  assistance  they  may  particularly  desire.  Any 
Member  who  has  intimated  the  intention  of  attending  the  Meeting,  and 
who  has  already  served  upon  a  Committee  of  a  Section,  is  eligible  for 
election  as  a  Member  of  the  Committee  of  that  Section  at  its  first 
meeting.4  The  Sectional  Committees  tlins  constituted  shall  have  power 
to  add  to  their  number  from  day  to  day. 

The  List  thus  formed  is  to  be  entered  daily  in  the  Sectional  Minute- 
Book,  and  a  copy  forwarded  without  delay  to  the  Printei',  who  is  charged 
with  publishing  the  same  before  8  A.M.  on  the  next  day  in  the  Journal  of 
the  Sectional  Proceedings. 

Business  of  the  Sectional  Committees. 

Committee  Meetings  are  to  bo  held  on  the  Wednesday,  and  on  the 
following  Thursday,  Friday,  Saturday,5  Monday,  and  Tuesday,  for  the 
objects  stated  in  the  Rules  of  the  Association.  The  Organising  Committee 
of  a  Section  is  empowered  to  arrange  the  hours  of  meeting  of  the  Section 
and  the  Sectional  Committee  except  for  Saturday." 

The  business  is  to  be  conducted  in  the  following  manner : — 

1.  The  President  shall  call  on  tlie  Secretary  to  read  the  minutes  of 
the  previous  Meeting  of  the  Committee. 

they  arc  to  be  read,  are  now  as  far  as  possible  determined  by  Organising  Committees 
for  the  several  Sections  before  the  "beginning  of  the  Meeting.  It  has  therefore  become 
necessary,  in  order  to  give  an  opportunity  to  the  Committees  of  doing  justice  to  the 
several  Communications,  that  each  author  should  prepare  an  Abstract  of  his  Memoir 
of  a  length  suitable  for  insertion  in  the  published  Transactions  of  the  Association, 
and  that  he  should  send  it,  together  with  the  original  Memoir,  by  book-post,  on  or 

before ,  addressed  to  the  General   Secretaries,  at  the  office  of 

the  Association.     'For  Section '    If  it  should  be  inconvenient  to  the  Author 

that  his  paper  should  be  read  on  any  particular  days,  he  is  requested  to  send  in- 
formation thereof  to  the  Secretaries  in  a  separate  note.  Authors  who  send  in  their 
MSS.  three  complete  weeks  before  the  Meeting,  and  whose  papers  are  accepted, 
Will  be  furnished,  before  the  Meeting,  with  printed  copies  of  their  Reports  and 
abstracts.  No  Report,  Paper,  or  Abstract  can  be  inserted  in  the  Annual  Volume 
unless  it  is  handed  either  to  the  Recorder  of  the  Section  or  to  the  Assistant  General 
Secretary  before  the  conclusion  of  the  Meeting. 

1  Sheffield,  1879.  2  Swansea,  1880,  revised,  Dover,  1899. 

*  Edinburgh,  1871,  revised,  Dover,  1899.  «  Glasgow,  1901. 

*  The  meeting  on  Saturday  is  optional,  Southport,  1883,     •  Nottingham,  1893. 
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2.  No  paper  shall  be  read  until  it  has  been  formally  accepted  by  the 

Committee  of  the  Section,  and  entered  on  the  minutes  accord* 
ingly. 

3.  Papers  which  have  been  reported  on  unfavourably  by  the  Organ- 

ising Committees  shall  not  be  brought  before  the  Sectional 
Committees.1 

At  the  first  meeting,  one  of  the  Secretaries  will  read  the  Minutes  of 
last  year's  proceedings,  as  recorded  in  the  Minute-Book,  and  the  Synopsis 
of  Recommendations  adopted  at  the  last  Meeting  of  the  Association 
and  printed  in  the  last  volume  of  the  Report.  He  will  next  proceed  to 
read  the  Report  of  the  Organising  Committee.2  The  list  of  Communi* 
cations  to  be  read  on  Thursday  shall  be  then  arranged,  and  the  general 
distribution  of  business  throughout  the  week  shall  be  provisionally  ap- 
pointed.2 At  the  close  of  the  Committee  Meeting  the  Secretaries  shall 
forward  to  the  Printer  a  List  of  the  Papers  appointed  to  be  read.  The 
Printer  is  charged  with  publishing  the  same  before  8  A.M.  on  Thursday 
in  the  Journal. 

On  the  second  day  of  the  Annual  Meeting,  and  the  following  days, 
the  Secretaries  are  to  correct,  on  a  copy  of  the  Journal,  the  list  of  papers 
which  have  been  read  on  that  day,  to  add  to  it  a  list  of  those  appointed 
to  be  read  on  the  next  day,  and  to  send  this  copy  of  the  Journal  as  early 
in  the  day  as  possible  to  the  Printer,  who  is  charged  with  printing  the 
same  before  8  A.M.  next  morning  in  the  Journal.  It  is  necessary  that  one 
of  the  Secretaries  of  each  Section  (generally  the  Recorder)  should  call 
at  the  Printing  Office  and  revise  the  proof  each  evening. 

Minutes  of  the  proceedings  of  every  Committee  are  to  be  entered  daily 
in  the  Minute-Book,  which  should  be  confirmed  at  the  next  meeting  of 
the  Committee. 

Lists  of  the  Reports  and  Memoirs  read  in  the  Sections  are  to  be  entered 
in  the  Minute-Book  daily,  which,  with  all  Memoirs  and  Copies  or  Abstracts 
of  Memoirs  furnished  by  Authors,  are  to  be  forwarded^  at  the  close  of  the 
Sectional  Meetings,  to  the  Assistant  General  Secretary. 

The  Vice-Presidents  and  Secretaries  of  Sections  become  ex  ojficio 
temporary  Members  of  the  General  Committee  (vide  p.  xxxi),  and  will 
receive,  on  application  to  the  Treasurer  in  the  Reception  Room,  Tickets 
entitling  them  to  attend  its  Meetings. 

The  Committees  will  take  into  consideration  any  suggestions  which  may 
be  offered  by  their  Members  for  the  advancement  of  Science.  They  are 
specially  requested  to  review  the  recommendations  adopted  at  preceding 
Meetings,  as  published  in  the  volumes  of  the  Association,  and  the  com- 
munications made  to  the  Sections  at  this  Meeting,  for  the  purposes  of 
selecting  definite  points  of  research  to  which  individual  or  combined 
exertion  may  bo  usefully  directed,  and  branches  of  knowledge  on  the 
state  and  progress  of  which  Reports  are  wanted ;  to  name  individuals  or 
Committees  for  the  executioii  of  such  Reports  or  researches  ;  and  to  state 
whether,  and  to  what  degree,  these  objects  may  be  usefully  advanced  by 
the  appropriation  of  the  funds  of  the  Association,  by  application  to 
Government,  Philosophical  Institutions,  or  Local  Authorities. 

In  case  of  appointment  of  Committees  for  special  objects  of  Science, 
it  is  expedient  that  all  Members  of  the  Committee  should  be  named,  and 

1  Plymouth,  1877.  •  Edinburgh,  1871, 

1901.  b 
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one  of  them  appointed  to  act  as  Chairman,  who  slwll  have  notified  per* 
sonally  or  in  writing  his  willingness  to  accept  the  office,  the  Chairman  to  have 
the  responsibility  of  receiving  and  disbursing  the  grant  (if  any  has  been  made) 
and  securing  the  presentation  of  the  Report  in  due  time ;  and,  further,  it  is 
expedient  that  one  of  the  members  should  be  appointed  to  act  as  Secretary,  for 
ensuring  attention  to  business. 

That  it  is  desirable  that  the  number  of  Members  appointed  to  serve  on  a 
Committee  should  be  as  small  as  is  consistent  with  its  efficient  working. 

That  a  tabular  list  of  the  Committees  appointed  on  the  recommendation 
of  each  Section  should  be  sent  each  year  to  the  Recorders  of  the  several  Sec- 
tions, to  enable  them  to  fill  in  the  statement  whether  the  several  Committees 
appointed  on  the  recommendation  of  their  respective  Sections  had  presented 
their  reports. 

TJiat  on  the  proposal  to  recommend  the  appointment  of  a  Committee  for  a 
special  object  of  science  having,  been  adopted  by  the  Sectional  Committee,  the 
number  of  Members  of  such  Committee  be  then  fixed,  but  that  the  Members  to 
serve  on  such  Committee  be  nominated  and  selected  by  the  Sectional  Com" 
mittee  at  a  subsequent  meeting.1 

Committees  have  power  to  add  to  their  number  persons  whoso  assist- 
ance they  may  require. 

The  recommendations  adopted  by  the  Committees  of  Sections  are  to 
be  registered  in  the  Forms  furnished  to  their  Secretaries,  and  one  Copy  of 
each  is  to  be  forwarded,  without  delay,  to  the  Assistant  General  Secretary 
for  presentation  to  the  Committee  of  Recommendations.  Unless  this  be 
done,  the  Recommendations  cannot  receive  the  sanction  of  the  Association. 

N.B. — Recommendations  which  may  originate  in  any  one  of  the  Sections 
must  first  be  sanctioned  by  the  Committee  of  that  Section  before  they  can 
be  referred  to  the  Committee  of  Recommendations  or  confirmed  by  the 
General  Committee. 


Notices  regarding  Grants  of  Money.2 

1*  No  Committee  shall  raise  money  in  the  name  or  under  the  auspices  of 
the  British  Association  without  special  permission  from  the  General 
Committee  to  do  so ;  and  no  money  so  raised  shall  be  expended 
except  in  accordance  with  the  Rules  of  the  Association. 

2.  In  grants  of  money  to  Committees  the  Association  does  not  contem- 

plate the  payment  of  personal  expenses  to  the  Members. 

3.  Committees  to  which  grants  of  money  are  entrusted  by  the  Association 

for  the  prosecution  of  particular  Researches  in  Science  are  ap- 
pointed for  one  year  only.  If  the  work  of  a  Committee  cannot  be 
completed  in  the  year,  and  if  the  Sectional  Committee  desire  the 
work  to  be  continued,  application  for  the  reappointment  of  the 
Committee  for  another  year  must  be  made  at  the  next  meeting  of 
the  Association. 

4.  Each  Committee  is  required  to  present  a  Report,  whether  final  or  in- 
terim, at  the  next  meeting  of  the  Association  after  their  appoint- 
ment or  reappointment.  Interim  Reports  must  be  submitted  in 
writing,  though  not  necessarily  for  publication. 

1  Revised  by  the  General  Committee,  Bath,  1888. 

2  Kevised  by  the  General  Committee  at  Ipswich,  1895, 
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5.  In  each  Committee  the  Chairman  is  the  only  person  entitled  to 

call  on  the  Treasurer,  Professor  G.  Carey  Foster,  F.R.S.,  for 
such  portion  of  the  sums  granted  as  may  from  time  to  time  be 
required. 

6.  Grants  of  money  sanctioned  at  a  meeting  of  the  Association  expire  on 

June  30  following.  The  Treasurer  is  not  authorised  after  that 
date  to  allow  any  claims  on  account  of  such  grants. 

7.  The  Chairman  of  a  Committee  must,  before  the  meeting  of  the  Asso- 

ciation next  following  after  the  appointment  or  reappointment  of 
the  Committee,  forward  to  the  Treasurer  a  statement  of  the  sums 
which  have  been  received  and  expended,  with  vouchers.  The 
Chairman  must  also  return  the  balance  of  the  grant,  if  any,  which 
has  been  received  and  not  spent ;  or,  if  further  expenditure  is  con- 
templated, he  must  apply  for  leave  to  retain  the  balance. 

8.  When  application  is  made  for  a  Committee  to  be  reappointed,  and  to 

retain  the  balance  of  a  former  grant  which  is  in  the  hands  of  the 
Chairman,  and  also  to  receive  a  further  grant,  the  amount  of  such 
further  grant  is  to  bo  estimated  as  being  additional  to,  and  not 
inclusive  of,  the  balance  proposed  to  be  retained. 

9.  The  Committees  of  the  Sections  shall  ascertain  whether  a  Report  has 

been  made  by  every  Committee  appointed  at  the  previous  Meeting 
to  whom  a  sum  of  money  has  been  granted,  and  shall  report  to  the 
Committee  of  Recommendations  iii  every  case  where  no  such 
report  has  been  received. 

10.  Members  and  Committees  who  may  be  entrusted  with  sums  of  money 

for  collecting  specimens  of  any  description  are  requested  to  re- 
servo  the  specimens  so  obtained  to  be  dealt  with  by  authority  of 
the  Council. 

11.  Committees  are  requested  to  furnish  a  list  of  any  apparatus  which 

may  have  been  purchased  out  of  a  grant  made  by  the  Association, 
and  to  state  whether  the  apparatus  will  be  useful  for  continuing 
the  research  in  question,  or  for  other  scientific  purposes. 

12.  All  Instrument^  Papers,  Drawings,  and  other  property  of  the  Asso- 

ciation are  to  be  deposited  at  the  Office  of  the  Association  when 
not  employed  in  scientific  inquiries  for  the  Association. 


Business  of  the  Sections. 

The  Meeting  Room  of  each  Section  is  opened  for  conversation  shortly 
before  the  meeting  commences.  The  Section  Rooms  and  approaches  thereto 
can  be  used  for  no  notices,  exhibitions,  or  other  purposes  than  those  of  the 
Association. 

At  the  time  appointed  the  Chair  will  be  taken,1  and  the  reading  of 
communications,  in  the  order  previously  made  public,  commenced. 

Sections  may,  by  the  desire  of  the  Committees,  divide  themselves  into 
Departments,  as  often  as  the  number  and  nature  of  the  communications 
delivered  in  may  render  such  divisions  desirable. 

1  The  Organising  Committee  of  a  Section  i&  empowered  to  arrange  the  hours 
of  meeting  of  the  Section  and  of  the  Sectional  Committee,  except  for  Saturday. 
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A  Report  presented  to  the  Association,  and  read  to  the  Section  which 
originally  called  fot  it,  may  be  read  in  another  Section,  at  the  request  of 
the  Officers  of  that  Section,  with  the  consent  of  the  Author. 


Duties  of  the  Doorkeepers. 

1.  To  remain  constantly  at  the  Doors  of  the  Rooms  to  which  they  are 

appointed  during  the  whole  time  for  which  they  are  engaged. 

2.  To  require  of  every  person  desirous  of  entering  the  Rooms  the  ex- 

hibition  of  a  Member's,  Associate's,  or  Lady's  Ticket,  or  Reporter's 
Ticket,  signed  by  the  Treasurer,  or  a  Special  Ticket  signed  by  the 
Assistant  General  Secretary. 

3.  Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted 

to  any  particular  Room  by  order  of  the  Secretary  in  that  Room. 

No  person  is  exempt  from  these  Rules,  except  those  Officers  of  the 
Association  whose  names  are  printed  in  the  Official  Programme,  p.  1. 

Duties  of  the  Messengers. 

To  remain  constantly  at  the  Rooms  to  which  they  arc  appointed  dur- 
ing the  whole  time  for  which  they  are  engaged,  except  when  employed  cii 
messages  by  one  of  the  Officers  directing  these  Rooms. 

Committee  of  Recommendations. 

The  General  .Committee  shall  appoint  at  each  Meeting  a  Committee, 
which  shall  receive  and  consider  the  Recommendations  of  the  Sectional 
Committees,  and  report  to  the  General  Committee  the  measures  which 
they  would  advise  to  be  adopted  for  the  advancement  of  Science. 

The  ex  officio  members  of  the  Committee  of  Recommendations  are  the 
President  and  Vice-Presiclents  of  the  Meeting,  the  General  and  Assistant- 
General  Secretaries,  the  General  Treasurer,  the  Trustees,  and  the  Presidents 
of  the  Association  in  former  years. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects  shall  bo  submitted  to  the 
Committee  of  Recommendations,  and  not  taken  into  consideration  by  the 
General  Committee  unless  previously  recommended  by  the  Committee  of 
Recommendations . 

All  proposals  for  establishing  new  Sections,  or  altering  the  titles  of 
Sections,  or  for  any  other  change  in  the  constitutional  forms  and  funda- 
mental rules  of  the  Association,  shall  be  referred  to  the  Committee  of 
Recommendations  for  a  report.1 

If  the  President  of  a  Section  is  unable  to  attend  a  meeting  of  tho 
Committee  of  Recommendations,  the  Sectional  Committee  shall  be 
authorised  to  appoint  a  Vice-President,  or,  failing  a  Vice-President, 
some  other  member  of  the  Committee,  to  attend  in  his  place,  due  notice 
of  the  appointment  being  sent  to  the  Assistant  General  Secretary.2 

1  Passed  by  the  General  Committee  at  Birmingham,  1865. 

2  Passed  by  the  General  Committee  at  Leeds,  1890. 
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Societies.1 

1.  Any  Society  is  eligible  to  be  placed  on  the  List  of  Corresponding 
Societies  of  the  Association  which  undertakes  local  scientific  investiga- 
tions, and  publishes  notices  of  the  results. 

2.  Application  may  be  made  by  any  Society  to   be  placed  on   the 
List  of  Corresponding  Societies.    Applications  must  be  addressed  to  the 
Assistant  General  Secretary  on  or  before  the  1st  of  June  preceding  the 
Annual  Meeting  at  which  it  is  intended  they  should  be  considered,  and 
must  be  accompanied  by  specimens  of  the  publications  of  the  results  of 
the  local  scientific  investigations  recently  undertaken  by  the  Society. 

3.  A  Corresponding  Societies  Committee    shall    be   annually  nomi- 
nated by  the  Council  and  appointed  by  the  General  Committee  for  the 
purpose  of  considering  these  applications,  as  well  as  for  that  of  keeping 
themselves  generally  informed  of  the  annual  work  of  the  Corresponding 
Societies,  and  of  superintending  the  preparation  of  a  list  of  the  papers 
published  by  them.     This  Committee  shall  make  an  annual  report  to  the 
General  Committee,  and  shall  suggest  such  additions  or  changes  in  the 
List  of  Corresponding  Societies  as  they  may  think  desirable. 

4.  Every  Corresponding  Society  shall  return  each  year,  on  or  before  the 
1st  of  June,  to  the  Assistant  General  Secretary  of  the  Association,  a 
schedule,  properly  filled  up,  which  will  be  issued  by  him,  and  which  will 
contain  a  request  for  such  particulars  with  regard  to  the  Society  as  may 
bo  required  for  the  information  of  the  Corresponding  Societies  Committee. 

5.  There  shall  be  inserted  in  the  Annual  Report  of  the  Association 
a  list,  in  an  abbreviated  form,  of  the  papers  published  by  the  Corre- 
sponding Societies  during   the  past  twelve  months  which   contain   the 
results  of  the  local  scientific  work  conducted  by  them  ;  those  papers  only 
being  included  which  refer  to  subjects  coming  under  the  cognisance  of 
one  or  other  of  the  various  Sections  of  the  Association. 

G.  A  Corresponding  Society  shall  have  the  right  to  nominate  any 
one  of  its  members,  who  is  also  a  Member  of  the  Association,  as  its  dele- 
gate to  the  Annual  Meeting  of  the  Association,  who  shall  be  for  the  time 
a  Member  of  the  General  Committee. 

Conference  of  Delegates  of  Corresponding  Societies. 

7.  The  Conference  of  Delegates  of  Corresponding  Societies  is  em- 
powered to   send  recommendations  to  the   Committee   of  Recommen- 
dations for  their  consideration,  and  for  report  to  the  General  Committee. 

8.  The  Delegates  of  the  various  Corresponding  Societies  shall  con- 
stitute a  Conference,  of  which  the  Chairman,  Vice- Chairmen,  and  Secre- 
taries shall  be  annually  nominated  by  the  Council,  and  appointed  by  the 
General  Committee,  and  of  which  the  members  of  the  Corresponding 
Societies  Committee  shall  be  ex  officio  members. 

9.  The  Conference  of  Delegates  shall  be  summoned  by  the  Secretaries 
to  hold  one  or  more  meetings  during  each  Annual  Meeting  of  tho  Associa- 
tion, and  shall  be  empowered  to  invite  any  Member  or  Associate  to  take 
part  in  the  meetings. 

10.  The  Secretaries  of  each  Section  shall  be  instructed  to  transmit  to 

1  Passed  by  the  General  Committee,  1884. 
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the  Secretaries  of  the  Conference  of  Delegates  copies  of  any  recommen- 
dations forwarded  by  the  Presidents  of  Sections  to  the  Committee  of 
Recommendations  bearing  upon  matters  in  which  the  co-operation  of 
Corresponding  Societies  is  desired  ;  and  the  Secretaries  of  the  Conference 
of  Delegates  shall  invite  the  authors  of  these  recommendations  to  attend 
the  meetings  of  the  Conference  and  give  verbal  explanations  of  their 
objects  and  of  the  precise  way  in  which  they  would  desire  to  have  them 
carried  into  effect. 

11.  It  will  be  the  duty  of  the  Delegates  to  make  themselves  familiar 
with  the  purport  of  the  several  recommendations  brought  before  the  Confer- 
ence, in  order  that  they  and  others  who  take  part  in  the  meetings  may  be 
able  to  bring  those  recommendations  clearly  and  favourably  before  their 
respective  Societies.  The  Conference  may  also  discuss  propositions  bear- 
ing on  the  promotion  of  more  systematic  observation  and  plans  of  opera- 
tion,  and  of  greater  uniformity  in  the  mode  of  publishing  results. 


Local  Committees. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association 
to  assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers 
those  Members  of  the  Association  whose  assistance  they  may  desire. 

Officers. 

A  President,  two  or  more  Vice- Presidents,  one  or  more  Secretaries, 
and  a  Treasurer  shall  be  annually  appointed  by  the  General  Committee. 


Council. 

In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall 
be  managed  by  a  Council  appointed  by  the  General  Committee.  The 
Council  may  also  assemble  for  the  despatch  of  business  during  the  week 
of  the  Meeting. 

(1)  The  Council  shall  consist  of l 

1.  The  Trustees. 

2.  The  past  Presidents. 

3.  The  President  and  Vice- Presidents  for  the  time  being. 

4.  The  President  and  Vice-Presidents  elect. 

5.  The  past  and  present   General  Treasurers,   General  and 

Assistant  General  Secretaries. 

6.  The    Local    Treasurer    and   Secretaries  for    the    ensuing 

Meeting. 

7.  Ordinary  Members. 

(2)  The  Ordinary  Members  shall  be  elected   annually  from    the 

General  Committee. 

*  Passed  by  the  General  Committee  at  Belfast,  1874. 
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(3)  There  shall  be  not  more  than  twenty-five  Ordinary  Members,  of 

whom  not  more  than  twenty  shall  have  served  on  the  Council, 
as  Ordinary  Members,  in  the  previous  year. 

(4)  In  order  to  carry  out  the  foregoing  rule,  the  following  Ordinary 

Members  of  the  outgoing  Council  shall  at  each  annual  election 
be  ineligible  for  nomination : — 1st,  those  who  have  served  on 
the  Council  for  the  greatest  number  of  consecutive  years  ;  and, 
2nd,  those  who,  being  resident  in  or  near  London,  have 
attended  the  fewest  number  of  Meetings  during  the  year 
— observing  (as  nearly  as  possible)  the  proportion  of  three  by 
seniority  to  two  by  least  attendance. 

(5)  The  Council  shall   submit  to   the  General   Committee  in  their 

Annual  Report  the  names  of  the  Members  of  the  General 
Committee  whom  they  recommend  for  election  as  Members  of 
Council. 

(G)  The  Election  shall  take  place  at  the  same  time  as  that  of  the 
Officers  of  the  Association. 

Papers  and  Communicatioiis. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to 
reserve  his  right  of  property  therein. 

A  ccounts. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
appointed  by  the  General  Committee. 
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/His  Grace  the  Duke  of  Devonshire,  Lord-I 
j  His  Grace  the  Duke  of  Rutland,  Lord-Lie 
The  Right  Hon.  Lord  Bel  per,  Lord-  Lieu  te 
1  The  Riirht  Hon.  J.  E.  DenLson,  M.P  
"\  J.  C.  Webb,  Esq.,  High-Sheriff  of  Xottinj. 
Thomas  Graham,  Esq.,  F.R.S.,  Master  of 
Joseph  Hooker,  Esq..  M.D..  F.U.S.,  F.L.S. 
V  John  Russell  Hiud,  Esq.,  F.R.X,  F.R.A.S 

,  The  Right  Hon.  t)ie  Earl  of  Aiilie.  K.T... 
The  Right  Hon.  the  Lord  Kinnaird,  K.T. 
Sir  John  Ogilvy.  Bart.,  M.P  
1  Mr  Roderick  I.  Murchison,  Bart.,  K.C.B., 

J  ^\r  TlftViH  Rivf^r  P.urf  

Sir  David  Brcuster,  D.C.L.,  F.R.S.,  Princi 
bur«;h  
James  I).  Forbes,  Esq.,  LL.D..  F.R.s  ,  Pr 
V  of  St.  Sah  ator  and  J^t.  Leonard,  Univ 

The  Riglit  Hon.  the  Earl  of  Leicester,  Loi 
Sir  John  Peter  Boileau,  Bart.,  F.R.S  
1  The  Rev.  Adam  gedgwiek.  M.A.,  LL.D. 
•  wardian  I'rofessor  of  Geology  in  the  1 
j  Sir  John  Lubl>ock,  Bart.,  F.R.S.,  F.L.S.,  I 
'John  Conch  Adams,  E*q.,  M.\.,  D.C.L., 
Professor  of  Astronomy  and  G  comet 
bridge  

\Thomas  Brightwell,  Esq  

The  Right  Hon.  the  Earl  of  Devon  ...... 
The  Right  Hon.  Sir  Stafford  H.  fcorlhcol 
Sir  John  Bownng,  LL.D.,  F.R.S....  .... 
"  William  B.  fairenter,  Esq.,  M.1J.,  ir.u.b. 
Rotert  Were  Fox,  Esq.,F.R.S  ......... 
W.  H.  Fox  Talbot,  Esq.,  M.A.,  LL.D.,  F. 

/The  Right  Hon.  the  Earl  of  Derby,  LL.1 
I  Sir  Pbihp  de  Maloas  Grey  Egerton,  Bart., 
The  Right  Hon.  W.  E.  Gladstone,  D.C.L., 
4  S.  R.  Graves,  Esq.,  M.P  •••••••' 
Sir  Joseph  WUtworth,  Bart.,  LL.D.,  D.C. 
James  P.  Joule,  Esq..  LL.D.,  D.C.L.,  F.I 
V  Joseph  Mayer,  Esq.,  F.S.A.,  F.R.G.S.... 
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i 
I  Professor  A.  Crum  Bi 
("J.  D.  Marwick.  Esq., 

y) 

.  Charles  Carpenter,  Es 
.  I  The  Rev.  Dr.  Griffith 
.  Henry  Willett,  Esq. 

IThe  Rev.  J.  B.  Campt 
Richard  Goddard7  Esc 
Peile  Thompson,  Esq. 

.  W.  Quartus  Ewart,  Es 
.  (-  Professor  G.  Fuller,  C 
.  T.  Sinclair,  Esq. 

*  W.  Lant  Carpenter, 
F.C.S. 
'*  John  H.  Clarke,  Esq. 

.*  Dr.W.G.Blackie,FJ 
.James  Graham  e,  Esq, 
.  J.  D.  Marwick,  Esq. 
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VICE-PRESIDENTS. 

His  r.  -.oethe  Duke  of  Buccleuch,  K.G.,  D.C.L.,  F.R.S..  .  , 
The  .-.-ht  Hon.  the  Lord  Provost  of  Edhlburgh  , 
The  ..  .-it  Hon.  John  Inglis,  LL.D.,  Lord  Justice-General 
Sir  •-  •  Bander  Grant,  Bart.,  M.A.,  Principal  of  the  Univ 

Sir  :  rick  I.  Murchison,  Bart.,  K.C.B.,  G.C.St.S.,  D.C.L 
Sir  -  —  ies  Lyell,  Bart.,  D.C.L.,  F.R.S.,  F.G.S  
Dr.  Lyon  Playfair,  C.B.,  M.P.,  F.R.S  
Professor  Christison,  M.D.,  D.C.L.,  Pres.  R.S.E  
Prnfftssor  Balfour.  F.R.S.  L.  &  E  

'The  Right  Hon.  the  Earl  of  Enniskillen,  D.C.L.,  F.R.S.  . 
The  Right  Hon.  the  Earl  of  Rosse,  F.R.b  
Sir  Richard  Wallace,  Bart.,  M.P  
The  Rev.  Dr.  Henry.  Dr.  Andrews,  F.R.S  .  .  . 
The  Rev.  Dr.  Robinson,  F.R.S.  Professor  Stokes,  D.C. 

The  Right  Hon.  the  Earl  of  Ducie.  F.R.S.,  F.G  .S  
The  Right  Hon.  Mr  Stafford  H.  Korthcote,  Bart.,  C.B.,  M 
The  Ma>  or  of  Bristol  
Major-General  Sir  Henrv  C.  Rawhn^n,  K.C.B.,  LL.D.,  F. 
Dr.  W.  B.  Carpenter,  LL.D.,  T.R.S.,  T.L.S.,  F.G.S  
W.  Sanders.  Ban..  F.R.S..  F.G.S  ...  . 

S    jSpj 

/The  Right  Hon.  the  Earl  of  Chichester,  Lord-Lieutenar 
of  Sussex.  His  Grace  the  Duke  of  Norf 
His  Grace  the  Duke  of  Richmond,  K.G.,  P.C.,  D.C.L.  . 
His  Grace  the  Duke  of  Devonshire,  K.G.,  D.C.L  ,  F.G.S, 
Sir  John  Lubbock,  Bart.,  M.P.,  F.R.S.,  F.L.S.,  F.G.S.  . 
Dr.  Sharpey,  LL.D.,  Sec.  R.S.,  F.L.S  
;  Joseph  Prestwich,  Esq.,  F.R.S.,  Pres.  G.S  

^The  Rli^ht  Hon.  the  Earl  of  Rosse,  F.R.S.,  F.R.A.S. 
The  Right  Hon.  Lord  Houghton,  D.C.L.,  F.R.S  
The  Risht  Hon.  W.  E.  Forster,  M.P  
The  Mayor  of  Bradford.  Sir  John  Hawkshaw,  • 
t  J.  P.  Gassiot,  Esq.,  D.C.L  .  r.R.S.  Professor  Phillips, 

rHis  Grace  the  Duke  of  Argyll,  K.T.,  LL.D.,  F.R.S.,  ] 
The  Hon.  the  Lord  Provost  of  Glasgow  
Sir  William  Stirling  Maxwell,  Bart.,  M.A.,  M.P  
Professor  Sir  William  Thomson,  M.A.,  LL.D.,  D.C.L., 
Professor  Allen  Thomson,  M.D.,  LL.D.,  F.R.S.,  F.R.S 
Professor  A.  C.  Ramsav,  LL.D.,  F.R.S.,  F.G.S  , 
.James  Young,  Esq.,  F.R.S.,  F.C.S  , 
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IMPORT — 1901. 


Presidents  and  Secretaries  of  the  Sections  of  the  Association. 


Date  and  Place 


Presidents 


Secretaries 


MATHEMATICAL  AND  PHYSICAL  SCIENCES. 

COMMITTEE   OF  SCIENCES,   I. — MATHEMATICS  AND   GENERAL   PHYSICS. 


J832.  Oxford 

1833.  Cambridge 

1834.  Edinburgh 


Davies  Gilbert,  D.C.L.,  F.B.S. 

Sir  D.  Brewster,  F.B.S 

Rev.  W.  Whewell,  F.ll.S. 


llev.  H.  Coddington. 

Prof.  Forbes. 

Prof.  Forbes,  Prof.  Lloyd. 


SECTION  A. — MATHEMATICS   AND   PHYSICS. 

1835.  Dublin Rev.  Dr.  Bobinsson   ;Prof.  Sir  W.   R.  Hamilton,  Prof. 

j     Wheat  stone. 

1836.  Bristol , Rev.  William  Whewell, F.R.S. -Prof.  Forbes,  W.  S.  Harris,  F.  W. 

•     Jerrard. 

1837.  Liverpool... ' Sir  D.  Brewster,  F.B.S W.   S.  Harris,  Bev.  Prof.  Powell, 

i     Prof.  Stevelly. 

1838.  Newcastle    iSir  J.  F.  W.  Herschel,  Bart., 'Rev.  Prof .  Che  vallier,  Major  SaMnc, 

F.R.8.  |     Prof.  Stevelly. 


1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth 

1842.  Manchester 


1843.  Cork 

1844.  York 

1846.  Cambridge 


Bev.  Prof .  Whewell,  F.R.S....:  J.  D.  Chance,  W.  Snow  Harris,  Prof. 


Prof.  Forbes,  F.R.S. 


|     Htevclly. 
Rev.    Dr.    Forbes,    Prof.    Stevelly, 

Arch.  Smith. 
Prof.  Stevolly. 

Prof.  M'Culloch,  Prof.  Stevelly,  Rev. 
F.R.S.  i     W.  Scorusby. 

Prof.  M'Culloch,  M.B.I.A.   ..J J.  Nott,  Prof.  Stevelly. 
The  Earl  of  Rosse,  F.R.S.  ...|llov.  Win.  Hey,  Prof.  Stovelly. 
JThe  Very  Rev.  the  Dean  of  Rev.  H.  Goodwin,   Prof.   Stovelly, 


ReV.  Prof.  Lloyd,  F.R.S 

Very  Rev.  G.  Peacock,  D.D., 


Ely.  G.  G.  Stokes. 

1846.  Southamp-    Sir   John   F.    W.  Herschel,  John    Drew,    Dr.    Stevelly,    G.   G. 

ton.           '     Bart.,  F.R.S.  Stokos. 

1847.  Oxford Rev.     Prof.    Powell,     M.A.jRev.  H.  Price,  Prof.  Stevelly,  G.  G. 

i     F.R.S.  !     Stokes. 

1848.  Swansea  ... 

1849.  Birmingham 


1850.  Edinburgh 

1851.  Ipswich   ... 

1852.  Belfast 


1863.  Hull. 


1854.  Liverpool... 

1855.  Glasgow  ... 

1856.  Cheltenham 

1857.  Dublin 


Lord  Wrottesley,  F.R.S 'Dr.  Stevully,  G.  G.  Stokes. 

William  Hopkins,  F.R.S 'Prof.  Stevelly,   G.   G.   Stokes,  W. 

!     liidout  Wills. 
Prof.  J.   D.  Forbes,   F.R.S.,1  W.J.MaequornllankinCjProf. Smyth, 


Sec.  P.S.E.  Prof.  St  evolly,  Prof.  G .  G .  Stokes. 

Bev.    W.    Whewell,     D.D.,'  S.  Jackson,  W.  J.  Macquorn  Rankine, 

F.B.S.  Prof.  Stevelly,  Prof.  G.  G.  Slokes. 

Prof.     W.    Thomson,     M.A.,;Prof.  Dixon,  W,  J.  Macquorn  Ran- 

F.B.S.,  F.B.S.K.  kino,  Prof.  Stovelly,  J.  Tyndall. 

The  Very  Rev.  the  Dean  of  B.  Blaydes  Haworth,  J.  D.  Sollitt, 

Ely,  F.R.S.  ,     Prof.  Stevelly,  J.  Welsh. 

Prof.  G.  G.  Stokes,  M.A.,  Sec.  J.  Hartnup,  H.    G,    Puckle,  Prof. 


R.S. 


Stevelly,  J.  Tynclall,  J.  Welsh, 


Bev.    Prof.    Kelland,    M.A.,  Rev.  Dr.  Forbes,  Prof.  D.  Gray,  Prof. 


F.B.B.,  F.RS.E. 


Tyndall. 


Bev.  B.  Walker,  M.A.,  F.B.S.  C.  Brooke,  Rev.  T.  A.  Southwood, 


Bev.  T.  B.  Bobinson,  D.D. 
F.B.S.,  M.B.I.A. 


Prof.  Stevelly,  Bev.  J.  C.  Turnbull. 
Prof.  Curtis,  Prof.  Hennessy,  P.  A. 
Ninnis,  W.  J.  Macquorn  Bankinc. 
Prof.  Stevelly. 


PRESIDENTS  AND  8&0BETABIB8  OF  THE  SECTIONS. 


Date  and  Place 


Presidents  I  Secretaries 


1858.  Leeds  Rev.    W.    Whewell,     D.D.,  Rev.  S.  Earnshaw,  J.  P.  Hennessy, 

V.P.R.  S.  Prof.  Ste  veil  j%  H.  J.  S.  Smith,  Prof. 

TyndaU. 

1859.  Aberdeen...  j  The  Earl  of  Rosse,M.  A.,  K.P.,  J.  P.  Henne&sy,  Prof.  Maxwell,  H. 

i     F.R.S.  J.  S.  Smith,  Prof.  Stevelly. 

1860.  Oxford (Rev.  B.  Price,  M.A.,  F.R.S....  Rev.  G.  0.  Bell,  Rev.  T.  Rennison, 

•  Prof.  Stevelly. 

1861.  Manchester  G.    B.    Airy,    M.A.,    D.C.L.,  Prof.  11.  15.  Clifton,  Prof.  H.  J.  S. 

F.R.S.  Smith,  Prof.  Stovelly. 

1862.  Cambridge    Prof.    G.    G.    Stokes,    M.A.,  Prof.  11.  B.  Clifton,  Prof.  H.  J.  S. 

|     F.R.S.  Smith,  Prof.  Stevelly. 

186:!.  Newcastle     Prof  .W.  J.  Macquorn  Rankine, ,  Rev.N.Ferrers,Prof  .Fuller,F.Jenkin, 
C.K.,  F.R.S.  Prof.  Stevelly,  Rev.  C.  T.  Whitley. 

1864.  Bath iprof.   Cayley,    M.A.,   F.R.S.,  Prof.   Fuller,    F.    Jenkin,   Rev.  G. 

F.R.A.S.  .      Buckle,  Prof.  Stevelly. 

1865.  Birmingham  W.  S|>ottis\voodo,M.A.,F.R.S.,  Rev.  T.  N.  Hutchinson,  F.  Jenkin,  G. 

F.U.A.S.  S.  Matliows,  Prof.  H.  J.  S.  Smith, 

,  ,1.  M.  Wilhon. 

1866.  Nottingham  Prof.     Whoatstone,     D.C.L.,  Fleming  .lPiikin,Prof.H.J.S.  Smith, 

F.R.S.  Rev.  S.  N.  Swann. 

1867.  Dundee    ...  Prof.  Sir  W.Thomson,  D.C.L.,;  Rev.  G.  Buckle,  Prof.  G.  C.Foster, 

F.R.S.  Prof.  Fuller.  Prof.  Swan. 

1868.  Norwich  ...  Prof.     ,L     Tyndall,     LL.D.,  Prof.  G.  C.  Foster,  Rev.  R.  Harley, 

F.R.S.  R.  B.  Hay  ward. 

1861).  Kxeter Prof.  J.  J.  Sylvester,  LL.D.,  Prof.  G.  C.  Foster,  R.  B.  Ilayward, 

•  F.R.S.  W.  K.  Clifford. 

1870.  Liverpool...  J.     Clerk     Maxwell,     M.A.,  Prof.  W.  G.  Adams,  W.  K.  Clifford, 

!     LL.D.,  F.R.S.  ,     Prof.  (S.  C.  Foster,  Rev.  W.  Allen 

•  Whit  worth. 

1871.  Edinburgh    Prof.  P.  G.  Tait,  F.R.S.E.   ...(Prof.  W.  G.Adams,  J.  T.  Bottomley, 

1  Prof.  W.  K.  Clifford,  Prof.  J.  D. 

Everett,  Rev.  11.  Hurley. 

1872.  Brighton...  !w.  Do  La  Rue,  D.C.L.,  F.R.S.  Prof.  W.K.  Clifford,, LW.L.  Glaisher, 

Prof.  A.  S.  Hcrschel,  G.  F.  Itndwell. 

187,'J.  Bradford...  Prof.  H.  J.  S.  Smith,  F.R.S.  .  Prof. W.  K.  Clifford,  Prof .  Forbes,  J. 

W.  L.  li  laishor.  Prof.  A.  S.  Herscliel. 

1874.  Belfast Uev.  Prof.  J.  II.  Jellctt,  M.A.,  J.W.L.Glaislier,Prof.IIer*chel,  Kan- 

M.1U.A.  dsil  Nixon,  J.  Perry,  G.  F. Rodwell. 

1875.  Bristol Prof.  Half  our  Stowart,  M.A.,  Prof.  W.  F.  Barrett,  J.W.L.Glaisher, 

,     LL.D.,  F.R.S.  C.  T.  Hudson,  G.  F.  Rodwell. 

1876.  Glasgow  ...  Prof.  Sir  W.  Thomson,  M. A.,  Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 

D.C.L.,  F.ll.S.  Prof.  G .  Forbes,  J.  W.  L.  Glaisher, 

T.  Muir. 

1877.  Plymouth... ,  1'rof.G.C.  Foster,  B.A..F.R.S.,  Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 

Pros.  Ph>>ical  Soc.  J.  W.  L.  (ilaishcr.  F.  (^!.  Landon. 

1878.  Dublin..  ,.    Ruv.    Prof.     Salmon,     D.D.,  Prof.  .}.  ('asi'yf(5.  F.  Fitxgerald,  J. 

I).C!.L.,  F.R.S.  W.  L.  Glaisher.  Dr.  O.  J.  Lodge. 

1870.  Sheffield  ...;Gcorgo     Johnsloue     Stoncy,  A.  II.  Alien,  J.  W.  L.  Glaisher,  Dr. 
M.A.,  F.R.S.  O.  J.  Lodiio,  1).  l\IacAlister. 

1880.  Swansea  ...  Prof.  W.  Gry lls  Adams,  M. A.,  W.   K.   Ayrt'on,  J.  W.   L.  Glaisher, 

!     F.H.S.  Dr.  O.  J.  Lod^c,  D.  JFacAHster. 

1881.  York 'Prof.  Sir  W.  Thomson,  M.A.,  Prof.  W.  K.  Ayrton,  Dr.  O.  J.  Lodge, 

LL.D.,  D.C.L.,  F.R.S.  I).  MncAlKster,  Rev.  W.  Routh. 

1882.  Southamp-     Rt.  lion.  Prof.  Lord  Ray leigh.i  W.  .M.  Ilieks,  Dr.  O.  J.  Lodge,  D. 

ton.  -,     M.A.,  F.R.S.  MacAllster,  Rov.  G.  Riehanlson. 

1883.  Southport     ,Prof.().Hcnrioi,Pli.l).,F.tt.S.1W.   M.  Hicks,  Prof.  O.  J.  Lodge, 

I  D.  Mae.Alister,  Prof.  R.  C.  Rowe. 

1884.  Montreal  ..'Prof.  Sir  W.  Thomson,  M.A.,,C.  Carpmacl,  W.  M.  Hicks,A.  John- 

I     LL.D.,  D.C.L.,  F.R.S.  |     son,  O.  J.  Lodge,  D.  MacAlistcr, 
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Date  and  Place 

Presidents 

Secretaries 

1885.  Aberdeen... 
1886.  Birmingham 
1887.  Manchester 
1888.  Bath  

Prof.     G.     Chrystal,     M.A., 
F.R.S.E. 
Prof.    G.  H.  Darwin,  M.A,, 
LL.D.,  F.R.S. 
Prof.   Sir  R.   8.  Ball,   M.A., 
LL.D.,  F.R.S. 
Prof.  G.  F   Fitzgerald   M.A 

11.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 
W.  M.  Hicks,  Prof.  W.  Ingrain. 
R.  E.  Bavnes,  R.  T.  Glazebrook,  Prof. 
J.  11.  Poynting,  W.  N.  Shaw. 
R.  K.  Baynes,  R.  T.  Glazcbrook,  Prof. 
H.  Lamb,  W.  N.  Shaw. 
R  K  Baynes  R  T.  Glazcbrook,  A. 

1889.  Newcastle- 
upon-Tyne 
1890.  Leeds  

1891.  Cardiff  

F.R.S. 
Capt.  W.  do  W.  Abney,  C.B., 
R.E.,  F.K.S. 
J.    W.    L.    Glaisher,    Sc.D., 
F.R.S.,  V.P.R.A.S. 
Prof.    0.    J.    Lodge,    D.Sc., 

Lodge,  W.  N.  Shaw. 
R.  K.  Baynes,  R.  T.  Glazebrook,   A. 
Lodge,  W.  N.  Shaw,  H.  Stroud. 
R.  T.  Glazcbrook,   Prof.  A.  Lodge, 
W.  N.  Shaw,  Prof.  W.  Stroud. 
R.  E.  Barnes  J.  Larmor,  Prof.  A. 

1892. 
1893. 
1894. 
1895. 
1896. 

1897. 
1898. 
1899. 
1900. 


Edinburgh 
Nottingham 

Oxford 

Ipswich    ... 
Liverpool,.. 

Toronto    ... 

Bristol 

Dover   

Bradford... 


LL.D.,  F.R.S. 
Prof.     A.     Schuster, 
F.R  S.,  F.H.A.S. 


I  R.  T.  Glazebrook,  M.A.,  F.R.S. 

I 


Lodge,  Prof.  A.  L.  Solby. 
Ph.D., III.  E.  Baynes,  J.  Larraor,  Prof.  A. 
Lodge,  Dr.  W.  Pertdie. 


W.  T.  A.  Emtage,  J.  Larmor,  Prof. 


A.  Lodge,  Dr.  W.  Pcddic. 
|Prof.A.W.Rucker,M.A.,F.R.SjProf.  W.  JI.  Hcaton,  Prof.  A.  Lodge, 

i     J.  Walkor. 
,Prof.    W.    M.    Hicks,    M.  A.,  Prof.  W.  H.  Heal  on,  Prof.  A.  Lodge, 

F.R.S.  i     G.  T.  Walkor,  W.  Watson. 

'Prof.  J.  J.  Thomson,   M.A.,  Prof.  W.  II.  Heat onf  J.  L.  Howard, 
D.Sc.,  F.R.S.  j     Prof.  A.  Lodge,  G.  T.  Walker,  W. 

I     Watson. 

Prof.  A.   R.    Forsyth,   M. A.,, Prof.  W.  lI.HeatontJ  C.Glashan,  J. 
i     F.R.S.  |     L.  Howard,  Prof.  J.  (J.  McLennan. 

•Prof.  W.  E.  Ayrton,  F.R.S. ..,  A.  I'.  Chattock,  J.  L  Howard,  ('.  H. 
I  !     Lees  W.  Watson,  K.  T.  Whittaker. 

l  Prof.  J.  II.  Poynting,  F.R.S.!  J.  L.  Howard,  0.  H.  Lees,  W.  Wat- 
!  i     son,  E.  'J'.  Whittaker. 

,Dr.  J.  Larmor,  F.R.S 'I'.  H.  Cowell,  A.  Vowlrr,  C.  II.  Lees, 

I  :     C.  J.  L.   Wayzstalle,  W.  Watson, 

1  i     E.  T.  Whittaker. 

1901.  Glasgow  ...iMajorP.A.MacMahon,F.l?.S.  If.  S. Carslaw, C  H.  Lees.  W.  Stewart, 

I     Prof.  L.  K.  Wilberforce. 

CHEMICAL   SCIENCE. 

COMMITTEE   OF  SCIENCES,   II. — CHEMISTRY,   MINERALOGY. 


1832.  Oxford 

1833.  Cambridge 

1834.  Edinburgh 

1835.  Dublin 

1836.  Bristol 

1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge 


John  Dalton,  D.C.L.,  F.R.S. 
John  Dalton,  D.C.L.,  F.R.S. 
Dr.  Hope., 


James  F.  W.  Johnston. 

Prof.  Miller. 

Mr.  Johnston,  Dr.  Christison. 


SECTION  IJ. — CHEMISTRY  AND   MINERALOGY. 
Dr.  T.  Thomson,  F.R.S. 
Rev.  Prof.  Gumming   ... 


Michael  Faraday,  F.R.S 

Rev.  William  Whewoll,F.R.S. 

Prof.  T.  Graham,  F.R.S 

Dr.  Thomas  Thomson,  F.R.S. 


Dr.  Daubeny,  F.R.S 

John  Dalton,  D.C.L.,  F.R.S. 

Prof.  Apjohn,  M.R.I.A 

Piof.  T.  Graham,  F.R.S 

P/ov.  Prof,  dimming    


Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  C.  Henry,  W.  Hera- 

path. 
Prof.  Johnston,  Prof.   Miller,  Dr. 

Reynolds. 

Prof.  Miller,  II.  L.  Pattinson,  Thomas 
1     Richardson. 

!Dr.  Golding  Bird,  Dr.  J.  B.  Melson. 
'Dr.  11.  D.  Thomson,  Dr.  T.  Clark, 
j     Dr.  L.  Playfair. 
J.  Pridcaux,  R.  Hunt,W.  M. Tweedy. 
!  Dr.  L.  Playfair,  R.  Hunt,  J.  Graham, 
1  R.  Hunt,  Dr.  Sweeny. 
1  Dr.  L.  Playfair,  K.  Solly,  T.  H.  Barker. 
'R.  Hunt,  J.  P.  Joule,  Prof.  Miller, 
i     E.  Solly. 


PBESIDENTB  AND  SKOBETABIBS  OF  THB  8KOTIONS. 


Ivii 


Dato  and  Placo 

Presidents 

Secretaries 

184G.  Southamp-   Michael    Faraday,    D.C.L., 


ton. 


F.R.S. 


1847.  Oxford .Rev.  W.  V.  Harcourt,  M.A., 


Dr.  Miller,  B.  Hunt,  W.  Randall. 
B.  C.  Brodie,  B.  Hunt,  Prof.  Solly. 


!     F.B.S. 

1848.  Swansea  ...;  Richard  Phillips,  F.B.S (T.  H.  Henry,  B.  Hunt,  T.  Williams. 

1849.  Birmingham!  John  Percy,  M.D.,  F.B.S ;H.  Hunt,  G.  Shaw. 

1850.  Edinburgh    Dr.  Christison,  V.P.B.S.E.  ...JDr.  Anderson,  B.  Hunt,  Dr.  Wilson. 

T.  J.  Pearsall,  W.  S.  Ward. 

Dr.  Gladstone,  Prof.  Hodges,  Prof. 

Ronalds. 
H.  S.  Blundell,  Prof.  B.  Hunt,T.  J. 

Pearsall. 
Dr.   Edwards,  Dr.  Gladstone,    Dr. 

Price. 
Prof.  Frankland,  Dr.  H.  E.  Roscoe. 


1851.  Ipswich    ...  |  Prof.  Thomas  Graham,  F.R.S. 

1852.  Belfast jThomas  Andrews,M.D.,F.B.S. 

1853.  Hull 'Prof.  J.  F.  W.  Johnston, M. A., 

i     F.R.S. 
1834.  Liverpool      Prof.W.  A.Millcr,M.D.,F.R.S. 

1855.  Glasgow  ...  Dr.  Lyon  Playfair,C.B.,F.R.S. 


I860.  Cheltenham  Prof.  B.  C.  Brodie,  F.R.H.  ...|J.  Horsley,  P.  J.    Worsley,     Prof. 

i     Voelckor. 

1857.  Dublin Prof.  Apjohn,  M.D.,  F.R.S., '  Dr.  Davy,  Dr.  Gladstone,  Prof.  Sul- 

M.1U.A.  i     livnn. 

1858.  Leeds  Sir  ,1.  F.  W.  Ilerschi'l,  Bart., 'Dr.  Gladstone,  W.  Odling,  R.  Bey- 

D.C.L.  '     nolds. 

1851).  Aberdeen...  Dr.  LyonPlayfair,C.B.,F.R.S.  J.  S.  Brazier,  Dr.  Gladstone,  G.  D. 

,     Liveing,  Dr.  Odling. 

1860.  Oxford Prof.  B.  C.  Brodie,  F.R.S A.  Vornon  Harcourt,  G.  D.  Liveing, 

!     A.  B.  Northcote. 

18(51.  Manchester  Prof.  W.A. Miller,  M.D.,F.R.S.  A.  Vernon  Harcourt,  G.  D.  Liveing. 
18(52.  Cambridge    IW.W.H. Miller,  M.A.,F.R.S.  H.  W.Elphinst one,  W.  Odling, Prof. 

1     Roscoe. 
1863.  Newcastle    ,Dr.    Alex.    W.  Williamson,  Prof.  Liveing,  H.  L.  Pattinson,  J.  C. 

i     F.R.S.  i     Stevenson. 

1804.  Bath |W.  Odling,  M.B.,  F.R.S 'A.  V.  Harcourt,  Prof.  Liveing,  R. 

'  ;     Uiirjrs. 

1865.  Birmingham 'Prof.  W.   A.    Miller,    M.D.,  A.  V.  Unrconrt,  II.  Adkins,  Prof. 

I     V.P.R.S.  I     Wanklyn,  A.  Winkler  Wills. 

18G6.  Nottingham  IT.  Hence  Jones,  M.R,  F.R.S..  J.  H.  Atherton,  Prof.  Liveing,  W.  J. 

!  i      Russell,  J.  White. 

18C7.  Dundee    ...  Prof.     T.     Anderson,    M.D.,  A.  Crum  Brown,  Prof .  G.  D.  Liveing, 

;     F.R.S.K.  i     W.  J.  Unwell. 

1808.  Norwich  ...  Prof.   E.    Frankland,  F.R.S.  Dr.  A.  Crum  Brown,  Dr.  W.  J.  Bus- 

,  |     sell,  F.  Sutton. 

1800.  Exeter Dr.  H.  Debus,  F.R.S ;l»rof.  A.  Crum    Brown,  Dr.  W.  J. 

|  I     Russell,  Dr.  Atkinson. 

1870.  Liverpool...  Prof.    II.    E.    Roscoe,    B. A.,' Prof.  A.  Crum  Brown.  A.  E.Fletcher, 

.     K.R.S.  I     Dr.  W.  J.  Russell. 

1871.  Edinburgh     Prof.  T.  Andrews, M.D., F.R.S.  J.  Y.  Buchanan,  W.  X.  Hartley,  T. 

•  E.  Thorpe. 

1872.  Brighton...  Dr.  J.  H.  Gladstone,  F.R.S....  Dr.  Mills,  W.  Chandler  Roberts,  Dr. 

i     W.  J.  Russell.  Dr.  T.  Wood. 

1873.  Bradford...  .Prof.  W.  J.  Russell,  F.R.S....1  Dr.  Armstrong,  Dr.  Mills,W.Chand- 

1  I     ler  Roberts,  Dr.  Thorpe. 

1874.  Belfast -Prof.  A.  Crum  Brown,  M.D., , Dr. T. Cranstoun  Charles,  W. Chand- 


F.R.S.E. 

1875.  Bristol A.  G.  Vernon  Harcourt,  M.A., 

F.R.S. 

1876.  Glasgow  ...'W.  II.  Perkin,  F.R.S 


1877.  Plymouth...  F.  A.  Abel,  F.R.S 

1878.  Dublin '  Prof.  Maxwell  Simpson,  M.D., 

i     F.R.S, 


ler  Roberts,  Prof.  Thorpe. 

Dr.  II.  E.  Armstrong,  W.  Chandler 
Roberts,  W.  A.  Tilden. 

W.  Dittmar,  W.  Chandler  Roberts, 
J.  M.  Thomson,  W.  A.  Tilden. 

Dr.  Oxland,  W.  Chandler  Roberts, 
J.  M.  Thomson. 

W.  Chandler  Roberts,  J.  M.  Thom- 
son, Dr.  C.  R.  Tichborne,  T.  Wills. 


Iviii 


BEPOBT— 1901. 


Date  and  Place 


Presidents 


Secretaries 


1879. 
1880. 

1881. 

1882. 

1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 


Sheffield  ...jProf.  Dewar,  M.A.,  F.R.S.  ... 
Swansea 


York 

Southamp- 
ton. 
Southport 


Joseph  Henry  Gilbert,  Ph.D., 

F.R.S. 

Prof.  A.  W.  Williamson,  F.R.S. 
Prof.  G.   D.   Liveing,    M.A., 

F.R.S. 
Dr.  J.  H.  Gladstone,  F.R.S... 


Montreal  ...  Prof.  Sir  H.  E.  Roscoe,  Ph.D., 

LL.D.,  F.R.S. 
Aberdeen...  Prof.  H.  E.Armstrong,  Ph.D., 

F.R.S.,  Sec.  C.S. 
Birmingham!  W.  Crookes,  F.R.S.,  V.P.C.S. 


Manchester  |Dr.  E.  Schunck,  F.R.S. 


Bath. 


Prof.   W.   A.    Tilden,    D.Sc., 

F.R.S.,  V.P.C.S. 
Newcastle-  jsir  I.  Lowthian   Bell,   Bart., 
upon-Tyne'     D.C.L.,  F.R.S. 

Leeds    iProf.    T.   E.    Thorpe,    B.Sc., 

Ph.D.,  F.R.S  ,  Trcas.  C.S. 

Cardiff Prof.  W.  C.  Roberts- Austen, 

|     C.B.,  F.R.S. 
Edinburgh   IProf.  H.  McLeod,  F.R.S 

Nottingham  Prof.   J.    Emerson  Reynolds, 

|     M.D.,  D.Sc.,  F.R.S. 
Oxford Prof.  H.  B.  Dixon,  M.A.,  F.R.S. 


1895.  Ipswich    .. 

1896.  Liverpool.., 
1897  Toronto    ... 

1898.  Bristol 

1899.  Dover  

1900.  Bradford  ... 

1901.  Glasgow  ... 


SECTION  B  (continued). - 
Prof.  R.  Meldoki,  F.R.S 

Dr.  Ludwig  Mond,  F.R.S. 
Prof.  W.  Ramsay,  F.R.S 

Prof.  F.  R.  Japp,  F.R  S 

Horace  T.  Brown,  F.R.S 


Prof.  W.  H.  Perkin,  F.R.S.  ... 

Prof.    Percy   F.    Frankland, 
F.R.S. 


H.   S.  Bell,   W.   Chandler  Roberts, 

J,  M.  Thomson. 
P.  P.  Bedson,  H.  B.  Dixon,  W.  R.  E. 

nixlirkin-oii,  J.  M.  Thomson. 
P.  P.  llnKon,  H.  B.  Dixon,  T.Gough. 
P.  Phillips  Bedson,  H.   B.   Dixon, 

J.  L.  Notter. 
Prof.    P.    Phillips    Bodson,    II.    B. 

Dixon,  H.  Forster  Morley. 
Prof.  P.  Phillips  Bedson,  H.  B.  Dixon, 

T.  McFarlane,  Prof.  W.  H.  Pike. 
Prof  P.  Phillips  Bedson,  H.  B.  Dixon, 

H.ForsterMorley,Dr.  W.J.Simpson. 
P.  T.  Bodson,  H.  B.  Dixon,  H.  F.  Mor- 

ley,W.W.  J.  Nicol,  C.  J.  Woodward. 
Prof.  P.  Phillips  Bedson,  H.  Forster 

Morley,  W.  Thomson. 
Prof.  H.  B.  Dixon,  II.  Forster  Morley, 

R.  E.  Moyle,  W.  W.  J.  Nicol. 
H.  Forster  Morley,  V.  II.  Nagel,  W. 

W.  J.  Nicol,  II.  L.  Pattinson,  jun. 
C.  H.  Bothamloy,  H.  For&ter  Morlcv, 

D.  H.  Nagel,  W.  W.  J.  Nicol. 
1C.  H.  Bothamley,  H.  Forster  Morley, 

W.  W.  J.  Nicol,  U.  S.  Turpin. 
J.  Gibson,  H.  Forster  Morley,  D.  H. 

Nagel,  W.  W.  J.  Nicol. 
J.   B.  Coleman,  M.  J.   R.  Dnnstan, 

D.  II.  Nagel,  W.  W.  J.  Nicol. 
'A.   Colefax,   W.   W.  Fisher,  Arthur 
i     Harden,  II.  Forster  Morley. 

—CHEMISTRY. 

E.  H.  Fison,  Arthur  Harden,  C.  A. 

Kolm.J.  W.  Rodger. 
Arthur  Harden,  C.  A.  Kolin. 
Prof.  W.  H    Ellis,  A.  Harden,  C.  A. 

Kohn,  Prof.  H.  F.  Rattan. 
C.A.Kohn,F.W.  Stoddart,  T  K.Rcse. 
A.  D.  Hall,  C.  A.  Kohn,  T.  K.  Rose, 

Prof.  W.  P.  Wynne. 
W.  M.  Gardner,  F.  S.  Kipping,  W. 

J.  Pope,  T.  K.  Rose. 
W.  C.  Anderson,  G.  G.  Henderson, 

W.  J.  Pope,  T.  K.  Rose. 


GEOLOGICAL  (AND,  UNTIL  1851,  GEOGRAPHICAL)  SCIENCE. 

COMMITTEE   OP   SCIENCES,   III. — GEOLOGY   AND   GEOGRAPHY. 


1832.  Oxford 

1833.  Cambri4ge. 


R.  I.  Murchison,  F.R.S i  John  Taylor. 


1834.  Edinburgh  .!  Prof .  Jameson 


.  B.  Greenough,  F.R.S 


W.  Lonsdale,  John  Phillips. 

J.  Phillips,  T.  J.  Torrie,  Rev.  J.  Yates. 


SECTION   C. — GEOLOGY  AND  GEOGRAPHY. 

1835.  Dublin ift.  J.  Griffith '  Captain  Port  lock,  T.  J.  Torrie. 

1836.  Bristol Re v.  Dr.  Buckland,  F.R.S.—  i  William    Sanders,    S.    Stutchbury, 

!      6^.,B.LMurchison,F.R.S.;     T.  J.  Torrie. 

1837.  Liverpool,..  Rev. Prof. Sedgwick, F.R.S.—  ! Captain  Portlock,  R.  Hunter.— Oeo- 

#tf00.,G.B.Greenough,F.R.S.      graphy,  Capt.  H.  M.  Denham,  R.N. 


Date  and  Place 


PRESIDENTS  AND  8BGBBTA&IB8  OF  TEE  SECTIONS. 

Presidents 


liz 


1838.  Newcastle.. 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 


1843.  Cork 

1844.  York 

1845.  Cambridge. 

1846.  Southamp- 
ton. 

1847.  Oxford 

1848.  .Swansea  ... 
1 841). Birmingham 

1850.  Edinburgh  > 


I 


Secretaries 


C.  Lyell,  F.B.S.,  V.P.G.S.— 
Geography,  Lord  Prudhoe. 

Bev.  Dr.  Buckland,  F.B.S.— 
Geog.,Q  .B.GreenoughjF.R.S , 

Charles  Lyell,  F.B.S.—  Geoff., 
G.  B.Greenough,  F.B.S. 

H.  I.  De  la  Beche,  F.B.S.  ... 

B.  I.  Murchison,  F.B.S 

Bichard  E.  Griffith,  F.R.S. ... 
Henry  Warburton,  Pres.  G.  S. 
Jlcv.  Prof,  Sedgwick,  M.A. 

F.B.S. 
Leonard  Homer,  F.B.S 

Very  Bev.Dr.Buckland,F.B.S. 

Sir  H.  T.  De  la  Beche,  F.B.S. 
Sir  Charles  Lycll,  F.B.S 

Sir  Roderick  I.  Murchison, 
F.B.S. 


W.  C.  Trevelyan,  Capt,  Portlock.- 

Geography,  Capt.  Wji -X :  •  j !  i  •»  • . 
George  Lloyd,  M.D..  II.  I'..  Si  rick- 
'     land,  Charles  Darwin, 
i  W.  J.  Hamilton,P.  Milne,  H.  Murray, 

H.  E.  Strickland,  J.  Scoular. 
W.  J.  Hamilton,£dward  Moore,  M.D., 

B.  Hutton. 

,E.  W.  Binney,  B.  Hutton,  Dr.  R. 
,     Lloyd,  H.  E.  Strickland. 
F.  M.  Jennings,  H.  E.  Strickland. 
Prof.  Ansted,  E.  H.  Bunbury. 
Bev.  J.  C.  Gumming,  A.  C.  Ramsay, 

Bev.  W.  Thorp. 
1  Bobert  A.  Austen,  Dr.  J.  H.  Norton, 

Prof.  Oldham,  Dr.  C.  T.  Beke. 
Prof.  Ansted,  Prof.  Oldham,  A.  C. 

Ramsay,  J.  Buskin. 
S.  Benson,Prof  .Oldham,Prof  .Ramsay 
J.  B.  Jukes,  Prof.  Oldham,  A.  C. 

Ramsay. 

A.  Keith  Johnston,  Hugh  Miller, 
Prof.  Nicol. 


SECTION  c  (continued). — GEOLOGY. 

1851.  Ipswich   ...  WilliamlIopkins,M.A.,F.R.S.  C.  J.  F.  Bunbury,  G.  W.  Ormerod, 

,  Searles  Wood. 

1852.  Belfast ,Lieut.-Col.    Per  (lock,    U.K.,  |  James     Bryce,    James    Mac  Adam, 

1     F.R.S.  !     Prof.  M'Coy,  Prof.  Nicol. 

1853.  Hull 'Prof.  Sedgwick.  F.R.S I  Prof .  Harkness,  William  Lawton. 

1851.  Liverpool ..' Prof .  Edward  Forbes,  F.R.S.  John  Cunningham,  Prof.  Harkness, 


1855.  Glasgow  ...,Sir  11.  I.  Murchison,  F.R.S... . 
183G.  Cheltenham ;  Prof .  A.  C.  Ramsay,  F.R.S.... 


1868.  Leeds   !  William  Hopkins,M.A.,  F.R.S. 

18.V,).  Aberdeen. ..Isir    Charles     Lyell,    LL.D., 


G.  W.  Ormerod,  J.  W.  Woodall. 
J.  Bryce,  Prof.  HarknesP,  Prof.  Nicol. 
Rev.  P.  B.  Hrodie,   Rev.   B.   Hep- 

worth,  Edward  Hull,  J.  Scougall, 

T.  Wright. 

1857.  Dublin ! The  Lord  Talbotde  Malalride.j Prof.  Harkness,  G.   Sanders,  B.  H. 

I  i     Scott. 

Prof.  Nicol,  H.  C.  Sorby,  E.  W.Shaw. 
Prof.  Harkiiess,  Rev.  J.  Longmuir 

II.  C.  Sorby. 
Prof.    Harkuess,    E.  Hull,    J.    W. 


I, 


D.C.L.,  F.R.S. 


Woodall. 

Manchester  Sir  R.  I.  Murchison,  D.C.L.,  j  Prof .  Harkness,    Edward   Hull,  T. 
LL.D.,  F.R.S.  i     Rupert  Jones,  (J.  W.  Ormerod. 

--     -         1    \T  "  _.-._- 


J.  Brete  Jukes,  M.A.,  F.R.S. 


1860.  Oxford (Rev.  Prof.  Sedgwick,  F.R.S... 

1861. 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 


1867. 
1868. 


Dundee 
Norwich 


Prof.  Warington  W.  Smyth, 


F.R.S., 
Prof.     J.      Phillips, 
F.R.S.,  F.d.S. 


Lucas     Barrett,    Prof.    T.    Rupert 

Jone?,  H.  C.  Sorby. 
E.  F.   15oyd,  John  Daglish,  H.  C. 
I     Sorhy,  Thomas  Sopwith. 


LL.D.,  W.  P..  Dawkins,  J.  Johnston,  H.  C. 
Sorby,  W.  Pengelly. 


Sir  R.    1.   Murchison,  Bart., 

K.C.B. 
Prof.  A.  C.  Ramsay,   LL.D.,'R.  Etheridge,  W.  Pengelly,  T.  Wil 


Rev.  P.  B.  Hrodie,  J.  Jones,  Rev.  E. 
I  Myers,  II.  C.  Sorby,  W.  Pengelly. 
rn  vn^.vi'^or,  w  pAiin»AiUr  T  w;i_ 


F.R.S.  !     son,  G.  H.  Wright. 

Archibald  Gcikie,  F.B.S !E.  Hull,  W.  Pengelly,H.  Woodward. 

JJ.    A.    C.    (Sodwin-Austen,  Bev.  O.  Fisher,  Bev.  J.  Gunn,  W. 

F.U.S.,  F.G.S.  Penally,  Rev.  H.  H.  Winwood. 


1  Geography  was  constituted  a  separate  Section,  sec  page  Ixv. 


'fir 


RBPORT—19U1. 


Date  and  Place 


Presidents 


Secretaries 


1869. 
1870. 
1871. 
1872. 

1873. 
1874. 

1875. 
1876. 
1877. 


Exeter 

Liverpool... 

Edinburgh 

Brighton,.. 

Bradford... 
Belfast 

Bristol 

Glasgow  .. 
Plymouth... 


Prof.    R.    Harkness,  F.R.S., 

F.G.S. 
Sir  Philip  de  M.Grey  Egerton, 

Bart,,  M.P.,  F.R.S. 
Prof.  A.  Geikie,  F.R.S.,  F.G.S. 

R.    A.     C.    Godwin- Austen, 

F.R.S.,  F.G.S. 

Prof.  J.  Phillips,  F.R.S 

Prof.    Hull,     M.A.,    F.R.S., 

F.G.S. 
Dr.  T.  Wright,  F.R.S.E.,  F.G.S. 

Prof.  John  Young,  M.D 

W.  Pengelly,  F.R.S.,  F.G.S. 


1878.  Dublin 


1879. 
1880. 
1881. 

1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
3888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 

1896. 
1897. 

1898. 
1899. 
1900. 


Sheffield  ... 
Swansea  ..» 
York 


Southamp- 
ton. 
Southport 

Montreal ... 
Aberdeen . . . 
Birmingham 
Manchester 
Bath 


Newcastle- 
upon-Tync 
Leeds  

Cardiff 

Edinburgh 
Nottingham 

Oxford 

Ipswich    .. 


Liverpool. 
Toronto    . 


John  Evans,  D.C.L.,  F.R.S., 

F.S.A.,  F.G.S. 
Prof.  P.  M.  Duncan,  F.R.S. 
H.  C.  Sorby,  F.R.S.,  F.G.S.... 
A.  C.  Ramsay,  LL.D.,  F.R.S., 

F.G.S. 
R.  Etheridge,  F.R.S.,  F.G.S. 

Prof.     W.     C.     Williamson, 

LL.D.,  F.R.S. 
W.  T.  Blanford,  F.R  S,,  Sec. 

G.S. 
Prof.  J.  W.  Judd,  F.R.S.,  Sec. 

G.S. 
4>rof.   T.    G.    Bonney,   D.Sc., 

LL.D.,  F.R.S.,  F.G.S. 
Henry     Woodward,     LL.D., 

F.R.S.,  F.G.S. 
Prof.  W.  Boyd  Dawkins,  M.A., 

F.R.S.,  FsG.S. 
Prof.  J.  Geikie,  LL.D.,  D.C.L., 

F.R.S.,  F.G.S. 
Prof.    A.    H.    Green,    M.A., 

F.R.S.,  F.G.S. 
Prof.  T.  Rupert  Jones,  F.R.S., 

F.G.S. 
Prof.    C.    Lapworth,    LL.D., 

F.R.S.,  F  G.S. 
J.  J.  H.  Teall,  M.A.,  F.R.S., 

F.G.S. 
L.  Fletcher,  M. A.,  F.R.S.     ... 

W.  Whitaker,  B.A.,  F.R.S.  ... 
J.  E.  Marr,  M.A.,  F.R.S 


Bristol 

Dover  

Bradford ... 


Dr.  G.  M.   Dawson,   C.M.G., 

F.R.S. 
W.  H.  Hudleston,F.R.S 


Sir  Arch.  Geikie,  F.R.S.  .. 
Prof.  W.  J.  Sollas,  F.R.S. 


J.901.  Glasgow  ..,  John  Horne,  F.R.S. 


W.  Pengelly,  W.  Boyd  Dawkins, 
Rev.  H.  H.  Winwood. 

W.  Pengelly,  Rev.  H.  H.  Winwood, 
W.  Boyd  Dawkins,  G.  H.  Morton. 

R.  Etheridge,  J.  Geikie,  T.  McKenny 
Hughes,  L.  C.  Miall. 

L.  C.  Miall,  George  Scott,  William 
Topley,  Henry  Woodward. 

L.C.Miall,R.H.Tiddeman,W.Topley. 

F.  Drew,  L.  C.  Miall,  R.  G.  Symes, 
R.  H.  Tiddeman. 

L.  C.  Miall,  E.  B.  Tawney,  W.  Topley. 

J.Armstrong,F.W.Rudler,W.Topley. 

Dr.  Le  Neve  Foster,  R.  H.  Tidde- 
man, W.  Topley. 

E.  T.  Hardman,   Prof.  J.  O'Reilly, 
R.  H.  Tiddeman. 

W.  Topley,  G.  Blake  Walker. 

W.  Topley,  W.  Whitaker. 

J.  E.  Clark,  W.  Keeping,  W.  Topley, 
W.  Whitaker. 

T.  W.  Shore,  W.  Topley,  E.  West- 
lake,  W.  Whitaker. 

R,  Betley,  C.  E.  De  Ranee,  W.  Top- 
ley,  W.  Whitaker. 

F.  Adams,  Prof.  E.  W.  Claypole,  W. 
Topley,  W.  Whitaker. 

C.  E.  De  Ranee,  J.  Home,  J.  J.  H. 

Teall,  W.  Topley 
W.  J.  Harrison,  J.  J.  H.  Teall,  W. 

Topley,  W.  W.  Watts. 
J.  E.  Marr,  J.  J.  H.  Teall,  W.  Top- 
Icy,  W.  W.  Watts. 
Prof.  G.  A.  Lebour,  W.  Topley;  W. 

W.  Watts,  H.  B.  Woodward. 
Prof.  G.  A.  Lebour,  J.  E.  Marr,  W. 

W.  Watts,  H.  B.  Woodward. 
J.  E.  Bedford,  Dr.  F.  H.  Hatch,  J. 

E.  Marr,  W.  W.  Watts. 
W.  Galloway,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
H.  M.  Cadell,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
J.  W.  Carr,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
F.  A.  Bather,  A    Barker,  Clement 

Reid,  W.  W.  Watts. 

F.  A.  Bather,  G.  W.  Lamplugh,  H. 
A.  Miers,  Clement  Reid. 

J.  Lomas,  Prof.  H.  A.  Miers,  C.  Reid. 
Prof.  A.  P.  Coleman,  G.  W.  Larap- 
lugh,  Prof.  H.  A.  Miers. 

G.  W.  Lamplugh,  Prof.  H.  A.  Miers, 
H.  Pentecost. 

J.  W.  Gregory,  G.  W.  Lamplugh, 
Capt.  McDakin,  Prof.  H.  A'.  Miers. 

H.  L.  Bowman,  Rev.  W.  Lower 
Carter,  G.  W.  Lamplugh,  H.  W. 
Monckton. 

H.  Jj,  JJowman,  H,  W,  Monckton, 


PRESIDENTS  AND  SECRETARIES   OF  THE  SECTIONS. 


Date  and  Place 

Presidents 

Secretaries 

BIOLOGICAL  SCIENCES. 

COMMITTEE   OF  SCIENCES,    IV. — ZOOLOGY,   BOTANY,    PHYSIOLOGY,   ANATOMY. 

1832.  Oxford Rev.  P.  B.  Duncan,  F.G.S.  ...|Rev.  Prof.  J.  S.  Henslow. 

1833.  Cambridge1  Rev.  W.L.  P.  Garnons,  F.L.SJC.  C.  Babington,  D.  Don. 

1834.  Edinburgh. | Prof.  Graham W.  Yarrell,  Prof.  Burnett. 


1835.  Dublin 

1836.  Bristol 

1837.  Liverpool,.. 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 


1843.  Cork., 

1844.  York. 


1845.  Cambridge 
184(5.  Southamp- 
ton. 
1847.  Oxford 


SECTION  D, — ZOOLOGY  AND   BOTANY. 

Dr.  Allman J.  Curtis,  Dr.  Litton. 

Rev.  Prof .  Henslow ,...,  J.  Curtis,  Prof.  Don,  Dr.  Riley,  8, 

1     Rootsey. 

W.  S.  MacLeay 'C.  C.  Babington,  Rev.  L.  Jenyns,  W. 

I     Swainson. 

Sir  W.  Jardine,  Bart |J.  E.  Gray,  Prof.  Jones,  R.  Owen, 

Dr.  Richardson. 

Prof.  Owen,  F.R.S E.  Forbes,  \V.  Ick,  R.  Patterson. 

Sir  W.  J.  Hooker,  LL.D jProf.  W.  Couper,  E.  Forbes,  R.  Pat- 

i     terson. 

John  Richardson,  M.D.,  F.R.S.  ;J.Couch,Dr.  Lankester,  R.  Patterson. 
Hon.  and  Very  Rev.  W.  Her-  Dr.  Lankester,  R.  Patterson,  J.  A. 

bcrt,  LL.D.,  F.L.S.  '     Turner. 

William  Thompson,  F.L.S. ...  G.   J.   Allman,    Dr.    Lankester,   R. 

1     Patterson. 
\7ery  Rev.  the  Dean  of  Man-  Prof.  Allman,  II.  Goodsir,  Dr.  King, 

Chester.  Dr.  Lankester. 

ilev.  Prof.  Henslow,  F.L.S. ...  Dr.  Lankester,  T.  V.  Wollaston. 
Sir    J.    Richardson,    M.D.,     Dr.  Lankester,  T.  V.  Wollaston,  H. 

F.R.S.  Wooldridcfc. 

H.  E.  Strickland,  M.A.,  F.R.S.  Dr.  Lankester,  Dr.  Melville,  T.  V. 

Wollaston. 


SECTION  D  (continued). — ZOOLOGY  AND  BOTANY,  INCLUDING  PHYSIOLOGY. 

[For  the  Presidents  and  Secretaries  of  the  Anatomical  and  Physiological  Sub- 
sections and  the  temporary  Section  E  of  Anatomy  and  Medicine,  see  p.  Ixiv.] 

1848.  Swansea  ..,,L.  W.  Dilhvyn,  F.R.S 1  Dr.  R.  Wilbraham  Falconer,  A.  Hen- 

!  i     frcy,  Dr.  Lankester. 

184t).  Birmingham 'William  Spence,  F.R.S jDr.  Lankester,  Dr.  Russell. 

1850.  Edinburgh  iProf.  Goodsir,  F.R.S.  L.  &  E.  jProf.  J.  H.  Bennett,  M.D.,  Dr.  Lan- 

!  I     kester,  Dr.  Douglas  Maclagan. 

1851.  Ipswich    ...  Rev.  Prof.   Henslow,   M.A.,  j  Prof.  Allman,  F.  W.  Johnston,  Dr.  E, 

F.R.S.  Lankester. 

1852.  Belfast W.  Ogilby |  Dr.  Dickie,  George  C.  Hyndrnan,  Dr 

Edwin  Laukester. 


853.  Hull 

864.  Liverpool... 

865.  Glasgow  ... 

866.  Cheltenham 

857.  Dublin 


C.  C.  Babington,  M.A.,  F.R.S. 
Prof.  Balfour,  M.D,,  F.R.S.... 
Rev.  Dr.  Fleeming,  F.R.S.E. 


Robert  Harrison,  Dr.  E.  Lankester. 
Isaac  Byerley,  Dr.  E.  Lankester. 
William  Keddie,  Dr.  Lankester. 


Thomas  Bell,  F.R.S,,  Pres.L.S.  j  Dr.  J.  Abercrombie,  Prof.  Buckman 

j      Dr.  Lankester. 

Prof.  W.  H.  Harvey,  M.D., !  Prof.  J.R.Kinahan,  Dr.  E.  Lankester 
F.R.S.  ;     Robert  Patterson,  Dr.  W.  E.  Steele 


1  At  this  Meeting  Physiology  and  Anatomy  were  made  a  separate  Committee 
for  Presidents  and  Secretaries  of  which  see  p.  Ixiv. 


Date  and  Place 

Presidents 

Secretaries 

1858.  Leeds  

1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 


C.  C.  Babington,  M.A.,  FAS. 
Sir  W.  Jdrdine,  Bart.,  F.R.S.E. 
Rev.  Prof,  Hetoslow,  F.L.S.... 
jfrof.  0.  C.  Babington,  F.R.S. 


1864.  Bath. 


1865.  Binning- 

ham  l 


Prof.  Huxley,  F.B.S 

:Prof.  Balfour,  M.D.,  F.R.S... . 
I 
Dr.  John  E.  Gray,  F.R.S.    ... 

T.  Thomson,  M.D.,  F.R.S,   ... 


Henry  Denny,  Dr.  Heaton,  Dr.  E. 

Lankester,  Dr.  E.  Perceval  Wright. 
Prof.  Dickie,  M.D.,  Dr.  E.  Lankester, 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Lankester,  P. 

L.  Sclater,  Dr.  E.  Perceval  Wright. 
Dr.  T.  Alcock,  £>r.  E.  Lankester,  Dr, 

P.  L.  Sclater,  l)r.  E.  P.  Wright. 
Alfred  Newton,  Dr.  E.  P.  "Wright. 
!Dr.  E.  Charlton,  A.Newton,  Rev.  H, 
!     B.  Tristram,  Dr.  E.  P.  Wright. 
H.  B.  l3rady,  C.  E.   Broom,  H.  T. 
l     Stainton,  Dr.  E.  P.  Wright. 
Dr.  J.  Anthony,  Rev.  C,  Clarke,  Rev. 
i     H.  B.  Tristram,  Dr.  E.  P.  Wright. 
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1866.  Nottingham ,  Prof.   Huxley,    F.R.S.— Dep. 

of  Physiol.,  Prof.  Humphry, 
,     F.R.S. — Dep.  of  Anthropol.^ 
A.  R.  Wallace. 

1867.  Dundee    ...  Prof,  ^lia-.ix-y,  M.D.,Sec.  R.S. 

Ihp.  \[f  Zool.  and  }iot., 
George  Busk,  M.D.,  K.U.S. 

1868.  Norwich  ...,Rev.  M.  J.  Berkeley,  F.L.8. 

I     — Dep.  of   Phy&iofayy,   W. 
T     H.  Flower,  F.R.S. 


18(39.  Exeter 


1870.  Liverpool... 


1871.  Edinburgh. 


1872.  Brighton  ... 


1873,  Bradford  ... 


George  Busk,  F.R.S.,  F.L.S. 
—Dep.  of  Hot.  and  ZooL, 
C.  Spence  Bate,  F.R.S.— 
Dcp.of  Eth no.,  E.  B.  Tylor. 

Prof. G.  Rolleston,M.A.,  M.D., 
F.R.S.,  F.L.S.—  hep*  <>f 
Anat.  and  Physiol.,  Prof. M. 
Foster,  M.D.,  F.L.S.— Dep. 
of  Ethno.,  J.  Evans,  F.R.S. 

Prof.  Allen  Thomson,  M.D., 
F.R.S.— /tep.  <>f  Jiot.  and 
,&>0Z.,Prof.WyvilleThomson, 
F.R.S. — Dep.  of  Antliropo 
Prof.  W.  Turner,  M.D. 

Sir  J.  Lubbock,Bart,,F.R,S, 
Dep.  of  Anat.  and  Physiol., 
Dr.  Burdon  Sanderson, 
F.R.S.— Ztep.  0/  I  •'  • 
Col.  A.  Lane  Fox,  I  .«!.*. 

Ptof.  Allman,  F.R.S.— Drp.  of 
Anat. and  Phy 'tiol.  ,Prof.  Ru- 
therford, bl.D.—Dej>.  of  A  ?(,- 
thropol,  Dr.  Beddoe,  F.R.S. 


Dr.  J.  Berldard,  W.  Felkin,  Rev.  H. 
15.  Tristram,  W.  Turner,  E.  15. 
Tylor,  Dr.  E.  P.  Wright. 

C.  Spence  Bato,  Dr.  S.  Onbbold,  Dr. 
M.  Foster,  H.  T.  Stainton,  Rev. 
H.  B.  Tristram,  JYoJ'.  W.  Turner. 

Dr.  T.  S.  Cobbold,  U.  W.  Firth,  Dr. 
M.  Foster,  Prof.  Lawson,  H.  T  . 
Klainton,  Rev.  Dr.  H.  B.  Tristram, 
Dr.  E.  T.  Wright. 

Dr.  T.  S.  Cobbold,  Prof.  M.  Foster, 
E.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton,  Rev.  H.  B.  Tris- 
tram. 

Dr.  T.  S.  Cobbold,  Sebastian  Ev.-ms, 
Prof.  Lawbon,  Thus.  J.  Moore,  H. 
T.  Stainton,  Rev.  H.  B.  Tristram, 
C.  Staniland  Wake,  E.  Ray  Lan- 
kester. 

Dr.  T.  R.  Fraser,  Dr.  ArtlmrGamgee, 
E.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton,  C.  Staniland  Wake, 
Dr.  W.  Rutherford,  Dr.  Kelbiirne 
King. 

Prof.  Thiselton-Dycr,H,  T.  Stainton, 
Prof.  Lawson,  F.  W.  Rudler,  J.  H. 
Lamprey,  Dr.  Gam^ee,  E.  Ray 
Lankester,  Dr.  Pyc- Smith. 

Prof.  Thiselton-Dyer,  Prof.  Lawson, 
R.  M'Lachlan,  Dr.  Pye-Sihith,  E. 
Ray  Lankester,  F.  W.  ftudler,  J. 
H.  Lamprey. 


The  title  of  Section  D  was  ehaaged  to  Biolugy. 


PRESIDENTS  AMD  BECBBTAHIES  OF  TEE  SECTIONS. 


Isttt 


Date  and  Place 


1874.  Belfast 


1875,  Bristol 


1876.  Glasgow   ... 


Presidents 


Prof.  Redfern,  M.D.— Dep.  of 
Zool.  and  Dot.,  Dr.  Hooker, 
C.B.,Pres.R.S.—  Dep. of  An-  \ 
throjj.,8it  W.R.  Wilde,  M.D.  j 

P.  L.  Sciater,  F.R.S.— Dep.  of 
Anat.  and  Pliysiol.*  Prof. 
Cleland,  F.R.S.— Dep.  of\ 


Secretaries 


A.  Russel  Wallace,   F.L.S. 


Dep.  of  ZooL  and  Uot.,\ 
Prof.  A.  Newton,  F.R.S.--! 
Dep.  of  Anat.  and  Phy^iol.^ 
Dr.  J.  G.  McKendrick.  ! 

1877.  Plymouth...  J.  Gwyn    Jeffreys,   F.R.S.—  < 

Dep.  of  Anat.  and  Pkysi^L^\ 
Prof.  Macalister.-— Dep.  of\ 

1878.  Dublin |Prof.  W.  H.  Flower,  F!R'.S\-' 

j     Dep.    of  Antliropol.y   Prof. 

I     Huxley,     Sec.    R.S. — Dep. 

|     of  Anat.  and  PhysioL,  R. 

McDonnell,  M.D.,  F.R.S. 
1870.  Sheffield  ...'Prof.     St.     George      Mivart, 

i  F.R.S.  -  -  Dep.  of  Anthropol.,  \ 
E.  B.  Tylor,  D.C.L.,  F.R.S.  • 
-  J)cp.  of  Anal .  and  Phy- 
.vi(//.,  Dr.  Pye-Smith. 

1880.  Swansea  ...  A.C.  L.Guntlior.F.R.H.-    Dtp. 

.  of  A  nut.  ,V-  P1tyxiot.<  F.  M. 
Hnlfour,  F.R.S. — Dep.  i\f 
AnthropoL.  F.  W.  Rudler. 

1881.  York ,  R.  Owen,  Y.\\.#.-I)ep.of  An- 

1      Utropol.,  Prof.  W. II.  Flower, 
!      F.H.S.     Dep.  of  Anat.  and 
jPfiysw?.,  Prof.  J.  S.  Burdonj 
i      Sanderson,  F.R.S. 

1882.  Southamp-     Prof.  A.  Garngeo.  M.  l>.,  F.R.S. 

ton.  -   Dcp.  of    7ool.  and  Jlot., 

Prol'.  M.  A.  Law  son,  F.L.S.' 
Dep.  of  AnthropoL,  Prof. 
;     W.  Boyd  Dawkins,  F.R.S.    , 

1883.  Southport1  jProf.  K.  Ray  Lankester,  M.A., 

!  F.  U.S.— Dep.  of  A  nthropoL, 
W.  Pengelly,  F.R.S. 

1884.  Montreal  ...  | Prof.    H.   N.   Mosoley,  M.A., 

j     F.R.S. 

1885.  Aberdeen...  iProf.  W.  C.  M'Intosh,  M.D., 

LL.D.,  F.R.S.,  F.ll.S.E. 


188C.  Birmingham '  W.     Carruthcrs,    Pros.    L.S., 
j     F.R.S.,  F.G.S. 

1887.  Manchester  .Prof.  A.Nowton.M.A.,  F.R.S., 
I     F.L.S.,  V.P.55.S. 


W.  T.  Thiselton-Dyer,  R.  O.  Cunning- 
ham, Dr.  J.  J.  Charles,  Dr.  P.  H. 
Pye-Smith,  J.  J.  Murphy,  F.  W. 
Rudler. 

E.  R.  Alston,  Dr.  McKendrick,  Prof. 
W.  R.  M'Nab,  Dr.  Martyn,  F.  W. 
Rudler,  Dr.  P.  H.  Pye-Smith,  Dr. 
W.  Spencer. 

E.  R.  Alston,  tiyde  Clarke,  Dr. 
Knox,  Prof.  W.  R.  M'Nab,  Dr. 
Muirhead,  Prof.  Morrison  Wat- 
son. 

E.  R.  Alston,  F.  Brent,  Dr.  D.  J. 

Cunningham,  Dr.  C.  A.  Kingston, 

Prof.  W.  R.  M'Nab,  J.  B.  Rowe, 

F.  W.  Rudler. 
Dr.  R.  J.  Harvey,  Dr.  T.  Hayden, 

Prof.  W.   R.   M'Xab,  Prof.  J.  M. 

Purser,  J.  B.  Rowe,  F.  W.  Rudler. 


Arthur  Jackson,  Prof.  W.  R.  M'Nab, 
J.  B.  Rowe,  F.  W.  Rudler,  Prof. 
Scbiifer. 


G.  W.  Bloxum,  John  Priestley, 
Howard  Saundcrs,  Adam  Scdg- 
wick. 

O.  W.  Bloxam,  W.  A.  Forbes,  Rev. 
W.  C.  Hey,  Prof.  W.  R.  M'Nab, 
W.  North,  John  Priestley,  Howard 
Saunders,  H.  E.  Spencer. 

G.  W.  Bloxam,  W.  Heape,  J.  B. 
Nias,  Howard  Saunders,  A.  Sedg- 
wick,  T.  W.  Shore,  jun. 


G.   W.   Bloxam,  Dr.  G.  J.  Haslam, 

W.  Heape,  W.  Hurst,  Prof.  A.  M. 

Marshall,  Howard  Saunders,  Dr. 

G.  A.  Woods. 
Prof.  W.  Osier,  Howard  Saunders,  A. 

Sedgwick,  Prof,  R.  R.  Wright. 
W.  Heape,  J.  Mrr.:.-.r":--n-klwrS-o:i, 

J,     Duncan    V  !':!.<  iv-,    HutMird 

Saunders,  H.  Marshall  Ward. 
Prof.  T.  W.  Bridge,  W.  Heape,  Prof. 

W.  Hillhouse,  W.  L.  Sclater,  Prof, 

11.  Marshall  Ward, 
C.  Bailey,  F.  E.  Beddard,  S.  F.  Har- 

mer,  W.  Heape,  W.   L.   Sclater, 

Trot.  H.  Marshall  Ward. 


Anthropology  was  mctdci  a  eepatate  Section,  see  p,  bbci. 


BEJPORT— 1901. 


Bate  and  Place 


1888.  Bath. 


1889.  Newcastle - 

upon-Tyne 

1890.  Leeds  

1891.  Cardiff 


Presidents 


Secretaries 


W.  T.  Thiselton-Dyer,  C.M.G., !  F.  E.  Beddard,  S.  F.  Harmer,  Prof. 
F.K.S.,  F.L.S.  II.  Marshall  Ward,  W.  Gardiner, 

:     Prof.  W.  D.  Halliburton. 
Prof.  J.  S.  Burdon  Sanderson, !  C.  Bailey,  F.  E.  Beddard,  S.  F,  Ear- 


1892.  Edinburgh 


M.A.,  M.D.,  F.E.S. 

Prof.    A.    Milnes 

M.A.,  M.D.,  D.Sc.,  F.R.S. 


Francis  Darwin,  M.A,,  M.B., 
F.R.S.,  F.L.S. 


mcr,  Prof.  T.  Oliver,  Prof.  H.  Mar- 
shall Ward. 

Marshall, '  S.  F.  Harmer,  Prof.  W.  A.  Herdman, 
8.  J.  Hickson,  F.  W.  Oliver,  H. 
Wager,  H.  Marshall  Ward. 
F.  JFG.  Beddard,  Prof.  W.  A.  Herdman, 


Dr.  S.  J.  Hickson,  G.  Murray,  Prof. 
W.  N.  Parker,  H.  Wager. 
Prof.  W.   Rutherford,   M.D.,!G.  Brook,  Prof.  W.  A.  Herdman,  G. 

F.R.S.,  F.R.S.E.  I     Murray,  W.  Stirling,  H.  Wager. 

1893.  Nottingham1 1  Rev.  Canon  H.  B.  Tristram, '  G.  0.  Bourne,  J.  B.  Farmer,  Prof. 
M.A.,  LL.D.,  F.R.S.  !     W.  A.    Herdman,   8.  J.  Hickson, 

I     W.  B.  Ransom,  W.  L.  Sclater. 
Prof.  I.  Bayley  Balfour,  M.A.,  W.  W.  Benham,  Prof.  J.  B.  Farmer, 


1894.  Oxford8 


F.R.S. 


Prof.  W.  A.  Herdman,  Prof.  8.  J. 
Hickson,  G.  Murray,  W.  L.  Sclater. 
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1895.  Ipswich    ...  Prof.  W.  A.  Herdman,  F.R  S. 


189G.  Liverpool...  Prof.  E.  B.  Poulton,  F.R.S. 


G.   C.   Bourno,    H.    Brown,  W,    K. 


1897.  Toronto    . 

1898.  Bristol.  ,. 

1899.  Dover  .... 

1900.  Bradford  . 

1901.  Glasgow  . 


Hoyle,  W.  L.  Sclater. 
H  O.  Forbes,  W.  Garstang,  W.  E. 
i     Hoyle. 

'W.   Gnihtang,   W.  E.  Hoyle,   Prof. 
j     E.  E.  Prince. 

!  Prof.  K.  Bovcc,  W.   Gar&tang,   Dr, 
i     A.  J.  Harrison,  W.  E.  Hoyle. 
\V.  Ganstang,  J  Graham  Kerr. 
W.    Garstang,  J.   G.    Kerr,    T.    H. 

Taylor,  Swale  Vincent 
,  fProf.  J.  Cossar  Ewart,  F.R.S.  I  J.  G/Kcrr,  J.  Rjmkin,  J.  Y.  Simpson. 


.  Prof.  L.  C.  Miall,  F.R.S. 

. ;  Prof.  W,  F.  R.  Wcldon,  F.R.S. 

.  iAdam  Sedgwick,  F.Iv.S.  ... 
.Dr.  R.  H.  Troquair,  F.U.S. 


ANATOMICAL  AND   PHYSIOLOGICAL   SCIENCES. 

COMMITTEE   OF   SCIENCES,   V. — ANATOMY  AND   PHYSIOLOGY. 


1833.  Cambridge  jDr.  J.  Haviland 

L834.  Edinburgh    i  Dr.  Abercrombie  


Dr.  H.  J.  II.  Bond,  Mr.  G.  E.  Pagct. 
Dr.  Roget,  Dr.  William  Thomson. 


1835.  Dublin 

1836.  Bristol 

1837.  Liverpool... 


SECTION  E  (UNTIL  1847).— ANATOMY  AND  MEDICINE. 


Dr.  J.  C.  Pritcbard 
Dr.  P.  M.  Roget,  F.R.S. 
Prof.  W.  Clark,  M.D.   ... 


1838.  Newcastle     T.  E.  Headlam,  M.D 

1S!!».  Bimiin.L-ham  John  Yelloly,  M.D.,  F.R.S. 
1840.  Glasgow   . . .  j  James  Watson,  M.  D 


Dr.  Harrison,  Dr.  Hart. 

Dr.  Symonds. 

Dr.  J.   Carson,  jun.,  James   Long, 

Dr.  J.  R.  W.  Vosc. 
T.  M.  Grecnhow,  Dr.  J.  R.  W.  VOHC. 
Dr.  G.  O.  Recs,  F.  Kyland. 
Dr.J.Brown,Prof.  Couper,Prof.  Reid. 


SECTION   E. — PHYSIOLOGY. 


1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York . 


P.  M.  Roget,  M.D.,  Sec.  R.8. 
Edward  Holme,  M.D.,  F.L.S. 
Sir  James  Pitcairn,  M.D.  ... 
J.  C.  Pritchard,  M.D. 


1845.  Cambridge  iProf.  J.  Haviland,  M.D. 


J.  Butter,  J.  Fuge,  R.  S.  Sargent. 
Dr.  Chaytor,  Dr.  R.  S.  Sargent. 
Dr.  John  Popham,  Dr.  R.  8.  Sargent. 
I.  Erichsen,  Dr.  R.  S.  8ar#ent. 
Dr.  R.  S.  Sargent,  Dr.  Webster. 


1  Physiology  was  made  a  separate  Section,  see  p, 
3  The  title  of  Section  D  was  changed  to  Zoology. 


PRESIDENTS  AND  SECRETARIES  0V  THE  SECTIONS. 


Ixv 


Date  and  Place 


Presidents 


Secretaries 


1846.  Southamp-   j  Prof.  Owen,  M.D.,  F.R.S.    ...  0.  P.  Keele,  Dr.  Laycock,  Dr.  Sar* 

ton.  gent. 

1847.  Oxford  !   ...  j  Prof.  Ogle,  M.D.,  F.K.S T.  K.  Chambers,  W.  P.  Ormerod. 


1850. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 


Edinburgh 
Glasgow  ... 

Dublin 

Leeds  

Aberdeen... 

Oxford 

Manchester 
Cambridge 
Newcastle 

Bath 

Birming- 
ham2 


PHYSIOLOGICAL  SUBSECTIONS   OP   SECTION   D. 

Prof.  Bennett,  M.D.,  F.R.S.E. 
Prof.  Allen  Thomson,  F.R.S. 
Prof.  E.  Harrison,  M.D.  ... 
Sir  B.  Brodie,  Bart.,  F.R.S. 
Prof.  Sharpey,  M.D.,  Sec.R.S. 
Prof.G.Rolleston,M.D.,F.L.S. 
Dr.  John  Davy,  F.R.S.  L.&  E. 

G.  E.  Paget,  M.D 

Prof.  Rolleston,  M.D.,  F.R.S. 
Dr.  Edward  Smith,  F.R.S. 
Prof.  Acland,    M.D.,  LL.D., 
F.R.S. 


;Prof.  J.  H.  Corbett,Dr.  J.  Struthers. 
;  Dr.  R.  D.  Lyons,  Prof.  Redfern. 
|  C.  G.  Wheelhouse. 

Prof.  Bennett,  Prof.  Redfern. 

Dr.  R.  M'Donnell,  Dr.  Edward  Smith. 

Dr.  W.  Roberts,  Dr.  Edward  Smith. 

G.  F.  Helm,  Dr.  Edward  Smith. 
|  Dr.  D.  Embleton,  Dr.  W.  Turner. 
.  J.  S.  Bartrum,  Dr.  W.  Turner. 

Dr.  A.    Fleming,    Dr.    P.    Heslop. 
i     Oliver  Pembleton,  Dr.  W.  Turner. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

[For  Presidents  and  Secretaries  for  Geography  previous  to  1851,  see  Section  C, 
p.  Iviii.] 

ETHNOLOGICAL   SUBSECTIONS   OP   SECTION    D. 


1846.Southampton  Dr.  J.  C.  Pritchard 

1847.  Oxford  .         "     

1848.  Swansea 

1849.  Birmingham 

1850.  Edinburgh 


.... 

Prof. 

H.  H.  Wilson, 

M.A.    ... 

fim 

i 

Vice- 

Admiral  Sir  A. 

Malcolm 

Dr.  King. 
Prof.  Buckley. 
G.  Grant  Francis. 
Dr.  R.  G.  Latham. 
Daniel  Wilson. 


SECTION   E. — GEOGRAPHY  AND   ETHNOLOGY. 


1851.  Ipswich  ... 
1852.  Belfast  
1853.  Hull  

Sir   R.  T.  Murchison,  F.R.S., 
Pres.  R.G.S. 
Col.    Chesney,  R.A.,   D.C.L., 
F.R.S. 
R.  G.  Latham,  M.D.,  F.R.S. 

R.  Cull,  Rev.  J.  W.  Donaldson,  Dr 
Norton  Shaw. 
R.  Cull,  R.  MacAdam,  Dr.  Nortor 
Shaw. 
R.   Cull,  Rev.    H.  W.   Kemp,  Dr 

1854.  Liverpool... 
1855.  Glasgow  ... 
1856.  Cheltenham 
1857.  Dublin  
1858.  Leeds  

Sir  R.  I.  Murchison,  D.C.L., 
F.R.S. 
Sir    J.     Richardson,     M.D., 
F.R.S. 
Col.   Sir    H.   C.    Rawlinson, 
K.C.B. 
Rev.  Dr.  J.  Henthorn  Todd, 
Pres.  R.I.A. 
Sir  R.I.  Murchison,  G.C.St.S., 
F.R.S. 

Norton  Shaw. 
Richard  Cull,  Rev.  H.  Higgins,  Dr 
Ihne,  Dr.  Norton  Shaw. 
Dr.   W.  G.  Blackie,    R.  Cull,  Dr 
Norton  Shaw. 
R.   Cull,  F.  D.    Havtland,  W.  H 
Rumsey,  Dr.  Norton  Shaw. 
R.   Cull,   S.   Ferguson,   Dr.   R.    R 
Madden,  Dr.  Norton  Shaw. 
R.  Cull,  F.  Galton,  P.  O'Callaghan 
Dr.  Norton  Shaw,  T.  Wright. 

1  Sections  D  and  E  were  incorporated  under  the  name  of  *  Section  D— Zoolog; 
and  Botany,  including  Physiology '  (see  p.  Ixi.).  Section  K,  being  then  vacant 
was  assigned  in  1851  to  Geography. 

*  Vide  note  on  page  Ixil 
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Bate  and  Place 


1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee    ... 

1868.  Norwich  ... 


Presidents 


Rear  •  Admiral  Sir  James 
Clerk  Ross,  D.C.L.,  F.R.S. 

Sir  R.  I.  Murchison,  D.C.L.. 
F.R.S. 

John  Crawfurd,  F.R.S 


Francis  Galton,  F.R.S., 


Sir  R.  I.  Murchison,  K.C.B., 

F.R.S. 
Sir  R.  I.  Murchison,  K.C.B., 

F.R.S. 
Major-General  Sir  H.  Raw- 

linson,  M.P.,  K.C.B.,  F.R.S. 
Sir  Charles  Nicholson,  Bart., 

LL.D. 

Sir  Samuel  Baker,  F.R.G.S. 

Capt.  G.  H.  Richards,  R.N., 
F.R.S. 


Secretaries 


Richard  Cull,  Prof.Geddes,  Dr.  Nor- 
ton Shaw. 

Capt.  Burrows,  Dr.  J.  Hunt,  Dr.  0. 
Lempri£re,  Dr.  Norton  Shaw. 

Dr.  J.  Hunt,  J.  Kingsley,  Dr.  Nor- 
ton 8ha\v,  W.  Spottiswoode. 

J.W.Clarke,  Rev.  J.  Glover,  Dr.  Hunt, 
Dr.  Norton  Shaw,  T.  Wright. 

C.  Carter  Blake,  Hume  Greenfield, 
C.  R.  Markham,  R,  S.  Watson. 

H.  W.  Bates,  C.  R.  Markham,  Capt. 
R.  M.  Murchison,  T.  Wright. 

H.   W.  Bates,  S.   Evans,  G.   Jabet, 

C.  R.  Markham,  Thomas  Wright. 
H.  W.  Bates,  Rev.  E.  T.  Cusins,  R, 

H.  Major,  Clements  R.  Markham, 

D.  W.  Nash,  T.  Wright. 

H.  W.  Bates,  Cyril  Graham,  C.  R. 
Markham,  S.  J. Mackie,  R.  Sturrock. 
T.  Baines,  H.  W.  Bates,  Clements  R. 
Markham,  T.  Wright. 


SECTION  E  (continued). — GEOGRAPHY. 


1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 

1876. 
1877. 
1878. 

1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 


Exeter j 

Liverpool...! 

Edinburgh 

"** 

Brighton... 
Bradford... 

Belfast 

Bristol 

Glasgow  ... 
Plymouth... 
Dublin 

Sheffield  ... 
Swansea  ... 
York 


Sir    Battle    Frere, 
LL.D.,  F.R.G.S. 


K.C.B., 


Southamp- 
ton. 
Southport 

Montreal ... 
Aberdeen.,. 
Birmingham 
Manchester 


SirR.I.Murchison,Bt.,K.C.B., 

LL.D.,D.C.L.,  F.R.S.,  F.G.S. 

Colonel  Yule,  C.B.,  F.R.G.S. 

Francis  Galton,  F.R.S 


Sir  Rutherford  Alcock,  K.  C.B. 
Major  Wilson,  R.E.,  F.R.S., 


F.R.G.S. 
Lieut.  -  General 


Strachey, 


R.E.,C.S.I.,F.R.8.,F.R.G.S. 

Capt.  Evans,  C.B.,  F.R.S 

Adm.  Sir  E.  Ommanney,  C.B. 

Prof.  Sir  C.  Wyville  Thom- 
son, LL.D.,F.R.S.,F.R.S.E. 

Clements  R.  Markham,  C.B., 
F.R.S.,  Sec.  R.G.S. 

Lieut.-Gen.  Sir  J.  H.  Lefroy, 
C.B.,  K.C.M.G.,R.A.,  F.R.S 


Sir  J.   D.   Hooker,  K.C.S.I., 


H.  W.  Bates,  Clements  R.  Markham, 

J.  H.  Thomas. 
H.W.  Bates,  David  Buxton,  Albert  J. 

Mott,  Clements  R.  Markham. 
A.  Buchan,  A.  Keith  Johnston,  Cle- 
ments R.  Markham,  J.  H.  Thomas. 
H.  W.  Bates,  A.  Keith  Johnston, 

Rev.  J.  Newton,  J,  H.  Thomas. 
H.  W.  Bates,  A.  Keith   Johnston, 

Clements  R.  Markham. 
E.  G.  Ravenstein,  E.  C.  Rye,  J.  H. 

Thomas. 
H.    W.    Bates,    E.   C.   Rye,   F.   F. 

Tackett. 

H.  W.  Bates,  E.  C.  Rye,  R.  O.  Wood. 
H.  W.  Bates,  F.  E.  Fox,  E.  C.  Rye. 
John  Coles,  E.  C.  Rye. 

H.  W.  Bates,  C.  E.  D.  Black,  E.  C, 

Rye. 
H.  W.  Bates,  E.  C.  Rye. 

J.  W.  Barry,  H.  W.  Bates, 


C.B.,  F.R.S. 

Sir  R.  Temple,  Bart.,  G.C.S.L,  E.  G.  Ravenstein,  E.  C.  Rye. 
F.R.G.S. 


Lieut.-Col.  H.    H.    Godwin- 

Austen,  F.R.S. 
Gen.  Sir  J.  H.  Lefroy,  C.B., 

K.C.M.G.,  F.R.S.,V.P.R.G.S. 
Gen.  J.  T.  Walker,  C.B.,  R.E., 

LL.D.,  F.R.S. 
Mai.-Gen.  Sir.  F.  J.  Goldsmid, 

K.C.S.I.,  C.B.,  F.R.G.S. 
Col.    Sir    C,  Warren,    R.E. 


John  Coles,  E.  G.  Ravenstein,  E.  C. 

Rye. 
Rev.  Abb6  Laiiamme,  J.  S.  O'Halloran, 

E,  G.  Ravenstein,  J.  F.  Torrancc. 
J.  S.  Keltic,  J  S,  OTIaUoran,  E.  G. 

Ravenstein,  Rev.  G.  A.  Smith. 
F.  T.   S.   Houghton,  J.   S.  Keltie. 

E.  G.  Ravenstein. 
Rev.  L,  C.  Casartelli,  J.  S.  Keltie* 


G.C.M.GK,  F.R.S.,  F.R.G.S.  i    H.  J.  Mackinder,  E,  G.  Ravenstein. 


PRESIDENTS   AND   SECRETARIES   OF   THE    SECTIONS 


Date  and  Place 

Presidents 

Secretaries 

1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
189(5. 
1897. 
1898. 
1H99. 
1900. 
1901. 


1833. 
1834. 

1835. 
1836. 


Bath  .........  |Col.  Sir  C.  W.Wilson,  E.E., 

1     K.C.B.,  F.R.S.,  F.R.G.S. 
Newcastle-    Col.     Sir     P.      de    Winton, 
upon-Tyne  |     K.C.M.G.,  C.B.,  P.R.G.S. 

!Lieut.-Col.   Sir    R,    Lambert 
Playfair,  K.C.M.G.,  F.R.G.S. 


Leeds 


Cardiff IE.   G.    Ravenstein,   F.R.G.S., 

F.S.S. 
Edinburgh    Prof.  J.  Geikie,  D.C.L., F.R.S., 


J.  S.  Keltic,  H.  J.  Mackinder,  E.  G. 
Ravenstein. 

J.  S.  Keltic,  H.  J.  Mackinder,  R. 
Sulivan,  A.  Silva  White. 

A.  Barker,  John  Coles,  J.  S.  Keltic, 
A.  Silva  White. 

John  Coles,  J.  S.  Keltie,  H.  J.  Mac- 
kinder,  A.  Silva  White,  Dr.  Yeats. 

J.  G .  Bartholomew,  John  Coles,  J.  S. 


j     V.P.R.Scot.G.S.  Keltie,  A.  Silva  White. 

Nottingham  H.  Seebohm,  Sec.  R.S.,  F.L.S.,  Col.  F.  Bailey,  John  Coles,  H.  O. 

!     F.Z.S.  !     Forbes,  Dr.  H.  R.  Mill. 

Oxford Capt.  W.  J.  L.  Wharton,  U.K.,,  John  Coles,  W.  *S.  DnMiMsh,  H.  N. 

,     F.R.S.  ,     lUck-son,  Dr.  II.  R.  Mill. 

Ipswich    ...iH.      J.      Mackinder,      M.A..,  John  Coles,  H.  N.  Dickson,  Dr.  H. 

i     F.R.G.S.  ,     R.  Mill,  W.  A.  Taylor. 

Li verpool..., Major  L.  Darwin,  Sec.  R.G.S.  Col.  F.  Bailey,  H.  N.   Dickson,  Dr. 
i  H.  R.  Mill,  E.  C.  DuB.  Phillips. 

J.  Scott-Keltie,  LL.D.  ;Col.   F.    Bailey,  Capt.  Deville,  Dr. 

!     H.  R.  Mill,  J.  B.  Tyrrell. 
Col.  G.  Earl  Church,  F.R.G.S. » II.  N.  Dickson,  Dr.  H.  R.  Mill.H.  C. 

Trapncll. 
Sir  John  Murray,  F.R.S. 


Toronto 
Bristol . . , 
Dover  ... 
Bradford 
Glasgow 


H.   N.   Dickson,  Dr.  H.  O.  Forbes, 

Dr.  H.  R.  Mill. 
Sir     George     S.     Robertson,  JH.  N.  Dickson,  E.  Heawood,  E.  R. 

K.C.S.I.  ,     Wcthoy. 

Dr.  II.  R.  Mill,  F.R.G.S.          ill.   N.    Dickson,    E.   Heawood,    G. 
'      Sandeman,  A.  C.  Turner. 

STATISTICAL  SCIENCE. 


COMMITTEE    OF    SCIENCES,    VI. — STATISTICS. 

Cambridge!  Prof.  Babbago,  F.R.S (  J.  E.  Drinkvvater. 

Edinburgh  j  Sir  Charles  Lemon,  Bart i  Dr.  Cleland,  C.  Hope  Maclean. 

SECTION   F. — STATISTICS. 
Dublin i  Charles  Babbage,  F.R.S W.  Greg,  Prof.  Longfield. 


Bristol 


1837.  Liverpool,.. 


ISirChas.  Lemon,  Bart.,  F.R.S.1  Rev.    J.   E.  Bromby,  C.   B.   Fripp, 

!     James  Heywood. 
Rt.  Hon.  Lord  Sandon |W.  R.  Greg,  W.  Langton,  Dr,  W.  C, 


Taylor. 

1838.  Newcastle    j  Colonel  Sykes,  F.R.S |  W.  Cargill,J.  Heywood,  W.R.  Wood. 

1839. Birmingham; Henry  Hallam,  F.R.S JF.  Clarke,  R.  W.  Rawson,  Dr.  W.  C. 

Tayler. 


1840.  Glasgow  ... 

1841.  Plymouth... 
1842. 


Lord  Sandon,  M.P.,  F.R.S. 


|C.  R.  Baird,  Prof.  Ramsay,  R.  W. 
Rawson. 


1843. 
X844. 


1845, 
1846. 


Lieut.-Col.  Sykcs,  F.R.S JRev.  Dr.  Byrth,  Rev.  R.  Luney,  R, 

I     W.  Rawson. 

Manchester   G.  W.  Wood,  M.P.,  F.L.S.  ...:Rcv.  R.  Luney,  G.  W.  Ormerod,  Dr, 

W.  C.  Taylor. 

Cork Sir  C.  Lemon,  Bart.,  M.P.   ...JDr.  D.  Bullen,  Dr.  W.  Cooke  Tayler, 

Lieut.- Col.     Sykes,     F.R.S.,!  J.  Fletcher,  J.  Heywood,  Dr.  Lay- 
F.L.S.  ' 


York., 


Cambridge 
Southamp- 
ton. 
1847.  Oxford 


Rt.Hon.  the  Earl  Fitzwilliam 
G.  R.  Porter,  F.R.S 


Travers  Twiss,  D.C.L.,  F.R.S. 
J.  H.  Vivian,  M.P.,  F.R.S.  ... 


1848,  Swansea  ... 

1849  Birmingham  i  Rt.  Hon.  Lord  Lyttelton 


cock. 

J.  Fletcher,  Dr.  W.  Cooke  Tayler. 
J.  Fletcher,  F.  G.  P.  Neison,  Dr.  W 

C.  Tayler,  Rev.  T.  L.  Shapcott. 
Rev.  W.  H.  Cox,  J.  J.  Danson,  F.  G 

P.  Neison. 

J.  Fletcher,  Capt.  R.  Short  rede. 
Dr.  Finch,  Prof.  Hancock,  F,  P.  G, 

Neison. 
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Date  and  Place 

Presidents 

Secretaries 

1850.  Edinburgh 

Very    Rev.    Dr.    John    Lee, 
V.P.R.S.E. 

Prof.  Hancock,  J.  Fletcher,  Dr.  J. 
Stark. 

1851   Ti  '-.•.•-  h    ... 

?•'*•  John  P.  Boileau,  Bart.  ... 

J.  Fletcher,  Prof.  Hancock. 

1862.  IV-.v  
1853.  Hull  

1  !  •{  Grace  the  Archbishop  of 
Dublin. 
James  Heywood,  M.P.,  F.R.S. 

Prof.  Hancock,  Prof,  Ingram,  James 
MacAdam,  jun. 
Edward  Cheshire,  W.  Newmarch. 

1854.  Liverpool... 

Thomas  Tooke,  F.R.S  

E.  Cheshire,  J.  T.  Danson,  Dr.  W,H. 

Duncan,  W.  Newmarch. 

1855.  Glasgow  ...  R.  Monckton  Milnes,  M.P.  ...  J.  A.  Campbell,  E.  Cheshire,  W.  New- 

I  i     march,  Prof.  R.  H.  Walsh. 

SECTION  F  (continued). — ECONOMIC  SCIENCE  AND  STATISTICS. 

1856.  Cheltenham 'Rt.  Hon.  Lord  Stanley,  M.P.    Rev.  C.  II.  Bromby,  E.  Cheshire,  Dr. 


1857.  Dublin  
1858.  Leeds  

His  Grace  the  Archbishop  of 
Dublin,  M.R.I.A. 
Edward  Baines  

W.  N.  Hancock,  W.  Newmarch,  W. 
M.  Tartt. 
Prof.  Cairns,  Dr.  H.  D.  Hutton,  W. 
Newmarch. 
T.  I).  Baines,  Prof.  Cairns,  S.  Brown, 
Capt.  Fishbourne,  Dr.  J.  Strang. 
Prof.  Cairns,  Edmund  Macrory,  A.  M, 
Smith,  Dr.  John  Strang. 
Edmund    Macrory,  W.  Newmarch, 
Prof.  J.  E.  T.  Rogers. 
David  Chadwick,  Prof.  R.  C.  Christie, 
E.  Macrory,  Prof.  J.  E.  T.  Rogers, 
,  H.  D.  Macleod,  Edmund  Macrory. 
T.   Doubleday,    Edmund    Macrory, 

1859.  Aberdeen... 
1860.  Oxford  
1861.  Manchester 

1862.  Cambridge 
1863.  Newcastle  . 

Col.  Sykes,  M.P.,  F.R.S  
Nassau  W.  Senior,  M.A  
William  Newmarch,  F.R.S.... 
Edwin  Chadwick,  C.B  

William  The,  M.P.,  F.R.S.  ... 

I     Frederick  Purdy,  James  Potts. 
Farr,  M.D.,  D.C.L.,  F.R.S.  E.  Macrory,  E.  T.  Payne,  F.  Purdy. 


;r:s   ii'.  Hon.  Lord  Stanley, LL.D., 


M.P. 
Nottingham  Prof.  J.  E.  T.  Rogers 


1866. 

1867.  Dundee |M.  E.  Grant-Duff,  M.P. 


G.  J.  D.  Goodman,  G.  J.  Johnston, 


1868, 
1869, 


Norwich . 
Exeter... 


1870.  Liverpool.. 


1871. 
1872. 
1873. 
1874. 


Edinburgh 
Brighton.., 
Bradford  .., 
Belfast , 


E.  Macrory. 
R.  Birkin,  jun.,  Prof.  Leone  Levi,  E. 

Macrory. 

Prof.  Leone  Levi,  E.  Macrory,  A.  J. 
|     Warden. 

Samuel  Brown  JRev.  W.  C.  Davie,  Prof .  Leone  Levi. 

Rt.Hon._SirStaffordHJtforth-|E.    Macrory,  F.    Purdy,    C.    T.   D, 

Acland. 


cote,  Bart.,  C.B.,  M.P. 
Prof.  W.  Stanley  Jevons,  M.A. 


1875.  Bristol... 

1876,  Glasgow  , 


1877. 
1878. 
1879. 

1880. 
1881. 

1882. 
1883. 


Plymouth.., 

Dublin 

Sheffield  ... 

Swansea  ... 
York 


Southamp- 
ton, 
Southport 


Rt.  Hon.  Lord  Neaves 

Prof.  Henry  Fawcett,  M.P. ... 
Rt.  Hon.  W.  E.  Forster,  M.P. 
Lord  O'Hagan  


James  Heywood,  M.A.,  F.R.S., 

Pres.  S.S. 
SirGeorge  Campbell,  K.C.S.I, 

M.P. 

Rt.  Hon.  the  Earl  Fortescue 
Prof.  J.  K.  Ingram,  LL.D.. 
G.  Shaw  Lefevre,  M.P.,  Pres. 

S.S. 

G.  W.  Hastings,  M.P 

Rt.  Hon.  M.  E.  Grant-Duff, 

M.A.,  F.R.S. 
Rt.  Hon.  G.  Sclater-Booth, 

M.P.,  F.R.S.  | 

R.  H.  Inglis  Palgrave,  F.R.S. 


Chas.  R.  Dudley  Baxter,  E.  Macrory, 

J.  Miles  Moss. 
J.  G.  Fitch,  James  Meikle. 
J.  G.  Fitch,  Barclay  Phillips. 
J.  G.  Fitch,  Swire  Smith. 
Prof.  Donnell,  F.  P.  Fellows,  Hans 

MacMordie. 

F.  P.  Fellows,  T.  G.  P.  Hallett,  K. 
Macrory. 

A.  M'Neel  Caird,  T.  G.  P. Hallett,  Dr. 

W.  Neilson  Hancock,  Dr.  W.  Jack. 
W.  F.  Collier,  P.  Hallett,  J.  T.  Pirn. 
W.  J.  Hancock,  C.  Molloy,  J.  T.  Pirn. 
Prof.  Adamson,  R.  E.  Leader,  C. 

Molloy, 

N.  A.  Humphreys,  C.  Molloy. 
C.   Molloy,  W.  W.  Morrell,  J.  F. 

Moss. 

G.  Baden- Powell,  Prof.  H.  S,  Fox- 
well,  A.  Milnes,  0.  Molloy. 

Rev.  W.  Cunningham,  Prof.  H.  S. 
i    Foxwell,  J.  N,  Keynes,  C.  Molloy. 
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Date  and  Place 

Presidents 

Secretaries 

1834-.  Mnntrpfl.1  ... 

Sir    "Ru'harrl     Tfimnle.     "Rnrt,.. 

Prof  TT.  S  FriYWftll.  .T  S   MrVI>rm  JI.TI  . 

G.C.S.I.,  C.I.E.,  F.R.G.S. 


1885.  Aberdeen.,.  Prof.    H.    Sidgwick,    LL.D., 

188G. 

1887.  Manchester  Robert  Giffen,  LL.D.,V.P.S,S. ; 


LiU. IX 
.  Birmingham  |  J.  B.  Martin,  M.A..,  F.S.S. 


1888. 
1889. 
1890. 

1891. 
1892. 
1893. 

1894. 
1895. 
1890. 

1897. 
1898. 

1899. 
1900. 
1901. 


Bath Rt.    Hon.     Lord     Bramwell, 

|     LL.D.,  F.R.S. 
Newcastle-    Prof.  F.  Y.  Edgeworth,  M.A., 

upon-Tyne      F.S.S. 
Leeds   Prof.  A.  Marshall,  M.A.,F.S.S. 


Cardiff Prof.  W.  Cunningham,  D.D., 

|     D.Sc.,  F  S.S. 

Edinburgh   .Hon.   Sir  C.   W.   Fremantle, 
1     K.C.B. 

Nottingham  Prof.  J.  S.  Nicholson,  D.Sc., 

1     F.S.S. 


Prof.   C.   F.   Bastable,   M.A., 

F.S.S. 
L.  L.  Price,  M.A 


Oxford 

Ipswich    ... 

Liverpool...  Rt.  Hon.  L.  Courtney,  M.P.... 


Toronto    ...  Prof.  E.  C.  K.  Gcnner,  M.A. 
Bristol J.  Uonar,  M.A.,  LL.D. 

Dover  JH.  Higgs,  LL.B 

Bradford  ...  Major  P.  G.  Cmigie,  V.P.S.S. 
Glasgow   ...  Sir  R.  Giflen,  K.C.B.,  F.R.S. 


Prof.  J.  Watson. 
Rev.  W.  Cunningham,  Prof.  H,  S. 

Foxwell,  C.  McCombie,  J.  F.  Moss. 
F.  F.  Barham,  Rev.  W.  Cunningham, 

Prof.  H.  S.  Foxwell,  J.  F.  Moss. 
Eev.  W.  O.r.nirs-TK'ini,  F.  Y.  Edge- 

worth,  T.  H.  Elliott,  C.  Hughes, 

J.  E.  C.  Munro,  G.  H.  Sargant. 
Prof.  F.  Y.  Edirowortli,  T.H.  Elliott, 

H.  S.  Foxwell,  L.  L.  F.  R  Price. 
Rev.  Dr.  Cunningham,  T.  H.  Elliott, 

F.  B.  Jevons,  L.  L.  F.  R.  Price. 
W.  A.  Brigg,  Rev.  Dr.  Cunningham, 

T.  H.  Elliott,  Prof.  J.  E.  C.  Munro, 

L.  L.  F.  R.  Price. 
Prof.  J.  Brough,  E.  Caiman,  Prof. 

E.  C.  K.  Gonner,  H.  LI.  Smith, 

Prof.  W.  R.  Sorley. 
Prof.  J.  P,;.  •:,••>..  J  P..  Findlay,  Prof. 

E.    C.     K.     <;-.:i:ior,    H.     Higgs, 

L.  L.  F.  K.  Price. 
Prof.  E    C.   K.  Gonner,  H.  de   B. 

Gibbios,  J.  A.  H.  Green,  H.  Higgs, 

L.  L.  F.  R.  Price. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner 

W.  A.  S.  Hewina,  H.  Higgs. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner, 

H.  Higgs. 
E.  Cannan,  Prof.   E.  C.  K.  Gonner, 

W.  A.  S.  He  wins,  H.  Higgs. 
E.  Caiman,  H.  Higgs,  Prof.  A.  Shortt. 
E.  Cannan,  Prof.   A.    W.   Flux,  H. 

Higgs,  W.  E.  Tanner. 
A.  L.  Bowley,  E.  Cannan,  Prof.  A. 

\V.  Flux,  Hev.  G.  Sarson. 
A.    L.  Bowley,   E.    Canuan,    S.    J. 

Chapman,  F.  Hooper. 
W.  W.  Blackie,   A.  L.  Bowley,   E. 

Cannan,  S.  J.  Chapman. 


SECTION  G.— MECHANICAL  SCIENCE. 


183G.  Bristol Davies  Gilbert,  D.C.L.,  F.R.S. 

1837.  Liverpool..,!! lev.  Dr.  Robinson    

1$38.  Newcastle    !  Charles  Babbasro,  F.R.S 

1839.  Birmingham  "  Prof.  Willis,  F.R.S.,  and  Robt. 
Stephenson. 


1840.  Glasgow  .... 


1841. 
1842. 


Sir  .John  Robinson 


Plymouth      John  Taylor,  F.R.H. 
Manchester  Rev.  Prof.  Willis,  F.R.S. 


1843.  Cork 

York 

Cambridge 
'       ' 


Prof.  J.  Macncill,  M.1U.A,.. 


John  Taylor,  F.R.S 

George  Rcnnie,  F.R.S  ......  .... 


1845. 
1846. 

1847.  MX:  •:;.:.... 

1848.  Swansea  ... 

1849.  Birmingham    r , 

1850.  Edinburgh  i  Rev.  R.  Robinson 


.  Willis,  M.A,,  F.R.S, 
!l-  ..r:  :  Walker,  M.A.,F.R.S, 
Rev.  Prof  .Walker,  M.A.,F.R.S, 
Robt.  Stephenson,  M.P.,F.R.S, 


;T.  G.  Bunt,  G.  T.  Clark,  W.  West. 

Charles  Vignoles,  Thomas  Webster. 

It.  Hawthorn,  C.Vijrnoles.  T.  Wekstcr. 

W.  Carpmacl,  William  Hawkes,  T. 
1     Webster. 

J.  Scott  Russell,  J.  Thomson,  J.  Tod, 
1     C.  Vignoles. 

Henry  Chat  field,  Thomas  Webster. 
:  J.  F.  Bateman,  J.  Scott  Russell,  J. 
I     Thomson,  Charles  Vignoles. 
j  James  Thomson,  Robert  Mallet. 
i  Charles  Vignoles,  Thomas  Webster. 
I  Hev.  W.  T.  Kingalcy, 
i  William  Betts,  jun.,  Charles  Manby, 

J.  Glynn,  R.  A.  Le  Mesurier. 

R.  A.  Le  Mesurier,  W.  P.  Struv^. 

Charles  Manby,  W.  P.  Marshall. 

Dr.  Lees,  David  Stephenson. 
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Date  and  Place 


Presidents 


Secretaries 


1851.  Ipswich    ... 

1852.  Belfast 


1853.  Hull 

1854.  Liverpool... 

1865.  Glasgow  ... 

1866.  n:oV,..:la.n 

1867.  !>,.!>  :r 


1858.  Leeds    

1859.  Aberdeen... 

1860.  Oxford 

1861.  Manchester 

1862.  Cambridge . 

1863.  Newcastle  . 


William  Cubitt,F.B.S 

John    Walker,    C.E.,  LL.D., 

F.B.S. 

William  Fairbairn,  F.R.S. 
John  Scott  Russell,  F.R.S.  ... 
W.  J.  M.  Bankine,  F.B.S.   ... 

O--:vo  Bennie,  F.B.S 

II-.  1 1-  M.  the  Earl  of  Bosse, 

F.R.S. 

William  Fairbairn,  F.B.S. ... 
Bev.  Prof.  Willis,  M.A.,  F.B.S. 

Prof .  W.  J.  Macquorn  Bankine, 

LL.D.,  F.B.S. 
J.  F.  Baternan,  C.E.,  F.R.S.... 


1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich   ... 

1869.  Exeter  

1870.  Liverpool... 


William  Fairbairn,  F.R.S. 
Bev.  Prof. Willis, M.A.,F.R.8. 

J.  Ha wkshaw,  F.B.S 

Sir  W.  G.  Armstrong,  LL.D., 

F.&.8. 
Thomas  Hawksley,  V.P.  Inst. 

C.E.,  F.G.S. 
Prof  .W.  J.  Macquorn  Bankine, 


G-.  P.  Bidder,  C.E.,  F.R.G.S. 


C.  W.  Siemens,  F.B.S 

Chas.  B.  Vignoles,  C.E.,  F.R.S. 


1871.  Edinburgh   |  Prof.  Flocming  Jenkin, F.B.S. 

1872.  Brighton  ...IF.  J.  Bramwcll,  C.E 


1873.  Bradford  ... 


W.  H.  Barlow,  F.B.S. 


1874.  Belfast !  Prof.  James  Thomson,  LL.D., 

C.E.,  F.K.S.K, 


1875.  Bristol 

1876.  Glasgow   ... 


W.  Froude,  C.E.,  M.A.,  F.R.S. 
C.  W.  Mcrrifield,  F.R.S 


1877.  Plymouth...! Edward  Woods,  C.E. 

1878.  Dublin Edward  Easton,  C.E. 


1879.  Sheffield  ...  J.  Robinson,  Pres. Inst.  Mech. 
I     Eng. 


1880.  Swansea  ... 

1881.  York., 


1882.  Southamp- 


ton. 


J.Abernethy,  F.B.S.E 

Sir  W.  G.  Armstrong,  C.B., 

LL.D.,  D.C.L.,  F.R.S. 
John  Fowler,  C.E.,  F.G.S.   ... 


1883.  Southport .  I  J.  Brunlees,  Pres.Inst.O.E. 

1884.  Montreal ...  'Sir  F.  J.  Bramwell,  F.B.S. 

V.P.Inst.O.E. 


1885.  Aberdeen... 

1886.  Birmingham 


B.  Baker,  M.Inst.C.E 

Sir  J.  K.  Douglass,  M.Inst 
C.E. 


John  Head,  Charles  Manby. 

John  F.  Bateman,  C.  B.  Hancock, 

Charles  Manby,  James  Thomson. 
J.  Oldham,  J.  Thomson,  W.  S.  Ward. 
J.  Grantham,  J.  Oldham,  J.  Thomson. 
L.  Hill,  W.  Bamsay,  J.  Thomson. 
C.  Atherton,  B.  Jones,  H.  M.  Jeffery. 
Prof.  Downing,  W.T.  Doyne,  A.  Tate, 

James  Thomson,  Henry  Wright. 
J.  C.  Dennis,  J.  Dixon,  H.  Wright. 
B.  Abernethy,  P.  Le  Neve  Foster,  H. 

Wright. 
P.  Le  Neve  Foster,  Rev.  F.  Harrison, 

Henry  Wright. 
P.  Le  Neve  Fpster,  John  Robinson, 

H.  Wright. 

W.  M.  Fawcett,  P.  Le  Neve  Foster. 
P.  Le  Neve  Foster,  P.  Westmacott, 

J.  F.  Spencer. 

P.  Le  Neve  Foster,  Robert  Pitt. 
P.    Lc    Neve    Foster,    Henry    Lea, 

W.  P.  Marshall,  Walter  May. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  M, 

0.  Tarbotton. 
P.  Le  Neve  Foster,  John  P.  Smith, 

W.  W.  Urquhart. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  C, 
1     Manby,  W.  Smith. 
1  P.  Le  Neve  Foster,  H.  Bauerman. 
H.  Bauerman,  P.  Le  Neve  Foster,  T. 
|     King,  J.  N.  Shoolbred. 
1H.  Bauerman,  A.  Leslie,  J.  P.  Smith. 
iH.  M.  Brunei,  P.  Le  Neve   Foster, 

J.  G.  Gamble,  J.  N.  Shoolbred. 
C.Barlow,H.  Bauerman.  E.H.Carbutt, 
i     J.  C.  Hawksliaw,  J.  N.  Shoolbrod. 
A.  T.  Atchison,  J.  N. Shoolbred,  John 

Smyth,  jun. 

W.  B.  Browne,  H.  M.  Brunei,  J.  G. 
1     Gamble,  J.  N.  Shoolhred. 
'W.  Bottomloy,  jnn.,  W.  o.    Millar, 
i     J.  N.  Shoolbred,  J.  P.  Smith. 
A.  T.  Atchison,  Dr.  Merrifield,  J.  N. 

Shoolbred, 

lA.  T.  Atchison,  B.  G.  Symes,  H.  T. 
;     Wood. 

1  A.  T.  Atchison,  Emerson  Bainbridge, 
i     H.  T.  Wood. 
'  A.  T.  Atchison,  H.  T.  Wood, 
•  A.  T.  Atchison,  J.  F.  Stephenson, 
i     H.  T.  Wood. 

A.  T.  Atchison,  F   Churton,  H.  T. 
I     Wood. 

A.  T.  Atchison,  E.  Rigg,  H.  T.  Wood. 
jA.  T.  Atchison,  W.  B.  Dawson,  J. 

Kennedy,  H.  T.  Wood. 
!A.  T.  Atchison,  F.  GK  Ogilvie,  E. 
I     Bigg,  J.  N.  Shoolbred. 
i.|0.  W.  Cooke,  J.  Kenward,  W.  B, 
Mai-shall,  E.  Bigg. 
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Date  and  Place 


1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 

1881. 
1885. 

1886. 
1887. 
J888. 
1889. 
1890. 
1891. 
1892. 
1893. 

1894. 
1895. 
1896. 
1897. 


Manchester 
Bath 

Newcastle- 
upon-Tyne 
Leeds   

Cardiff , 

Edinburgh 
Nottingham 

Oxford 

Ipswich  ... 
Liverpool... 
Toronto  . , . 

Bristol 

Dover   

Bradford  ... 
Glasgow  ... 


Presidents 


Secretaries 


Prof.  Osborne  Reynolds,  M.A.J 

LL.D,,  F.R.S. 
W.       H.      Preece,      F.R  S,, 

M.Inst.C.E. 
W.  Anderson*  M.Inst.C.E.  ... 

Capt.  A.  Noble,  C.B.,  F.R.S., 

F.R.A.S. 
T.  Forster  Brown,  M.Inst.C.E. 

Prof.   W.  C.   Unwin,  F.R.S., 

M.Inst.C.E. 
Jeremiah  Head,  M.Inst.C.E., 

F.C.S. 
I  Prof.    A.    B.    W.    Kennedy, 

F.R.S.,  M.Inst.C.E. 
Prof.  L.  F.  Vernon-Harcourt, 

M.A.,  M.Inst.C.E. 
I  Sir  Douglas  Fox,  V.P.Inst.C.E. 

G.  F.  Deacon,  M.Inst.C.E. 

Sir    J.   Wolfe-Barry,  K.C.B., 

F.R.S. 
'Sir  W.  White,  K.C.B.,  F.R.S. 

iSir  Alex.  R.  Binnie,  M.Inst. 

C.R.  i 

R.  E.  Crompton,  M.Inst. O.K.  \ 


C.  F.  Budenberg,  W.  B.  Marshall, 

E.  Rigg. 
C.  W.  Cooke,  W.  B.  Marshall,  E. 

Rigg,  P.  K.  Stothert. 
C.  W.  Cooke,  W.  B.  Marshall,  Hon. 

C.  A.  Parsons,  E.  Rigg. 
E.  K.  Clark,  C.  W.  Cooke,  W.  B. 

Marshall,  E.  Rigg. 
C.   W.  Cooke,   Prof.  A.  C,  Elliott, 

W.  B.  Marshall,  E.  Rigg. 
C.  W.  Cooke,  W.  B.  Marshall,  W.  C. 

Popplewell,  E.  Rigg. 
C.  W.  Cooke,  W.  B.   Marshall,   E. 

Rigg,  H.  Talbot. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

W.  B.  Marshall,  Rev.  F.  J.  Smith. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

W.  B.  Marshall,  P.  G.  M.  Stoney. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

S.  Dimkerley,  W.  B.  Marshall. 
Prof.  T.  Hudson  Beare,  Prof.  Callen- 

dar,  W.  A.  Price. 
Prof.  T.  H.  Beare,  Prof.  J.  Munro, 

H.  W.  Pearson,  W.  A.  Price. 
Prof.  T.  H.  Beare,  W.  A.  Price,  H. 

E.  Stilgoe. 
Prof.  T.  H.  Beare,  C.  P.  Charnock, 

Prof.  S.  Dunkerley,  W.  A.  Price. 
H.  Baraf  ord,  W.E.  Dalby,  W.  A.  Price. 


SECTION   H.— ANTHROPOLOGY. 

Montreal ... :  E.  B.  Tylor,  D.C.L.,  F.R.S. ...  i  G.  W.  Bloxam,  W.  Hurst. 
Aberdeen... 'Francis  Galton,  M.A.,  F.R.S.  'G.  W.  Bioxam,  Dr.  J.  G.  Garson,  W. 

\     Hurst,  Dr.  A.  Macgregor. 

Birmingham  Sir    G.    Campbell,    K.C.S.I.,  G.  W.  Bloxam,  Dr.  J.  G.  Garson,  W. 
M.P.,  D.C.L.,  F.R.G.S.  Hurst,  Dr.  R.  Saundby. 

Manchester  Prof.  A.  H.  Sayce,  M.A JG.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 

A.  M.  Paterson. 

Bath Lieut.-General      Pitt-Rivers, , G.  W.  Bloxam,  Dr.  J.  G.  Garaon,  J. 

,      D.C.L.,  F.R.S.  Harris  Stone. 

Newcastle-    Prof.    Sir  W.   Turner,    M.B.,>G.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 
upon-Tyne       LL.D.,  F.R.S.  i     R.  Morison,  Dr.  R.  Howden. 

Leeds   Dr.    J.    Evans,   Treas.   R.S.,'G.  W.  Bloxam,  Dr.  C.  M.  Chadwick, 

F.S.A.,  F.L.S.,  F.G.S.  i     Dr.  J.  G.  Garson. 

Prof.  F.  Max  Miiller,  M.A.  ...  !G.  W.  Bloxam,  Prof.  R.  Howden,  H. 

,     Linir  Roth.  E.  Seward. 
Prof.    A.    Macalister,     M.A.^G.  W.'lJloxam,  Dr.  D.  Hepburn,  Prof, 

M.D.,  F.R.S.  R.  Howden,  H.  Ling  Roth. 

Dr.  R.  Munro,  M.A.,  F.R.S.E.  G.  W.  Bloxam,  Rev.  T.  W.  Davies, 
I     Prof.  R.  Howden,  F.  B.  Jevons, 
|     J.  L.  My  res. 
Sir  W.   H.    Flower,    K.C.B.,  i  H.  Balfour,  Dr.  J.  G. Garson,  H.  Ling 

F.R.S.  I     Roth. 

Prof.  W.  M.  Flinders  Petrio,  J.  L.  Myres,  Rev.  J.  J.  Eaven,  H. 


Cardiff 

Edinburgh 
Nottingham 

Oxford 

Ipswich  ... 
Liverpool... 
Toronto  ., . 


D.C.L. 
Arthur  J.  Evans,  F.S.A. 

Sir  W.  Turner,  F.R.S.  ... 


Ling  Roth. 
Prof.  A.  C.  Haddon,  J.  L.  Myres, 

Prof.  A.  M.  Paterson. 
A.  P.  Chamberlain,  H.  0.  Forbes, 

Prof.  A.  C.  Haddon,  J.  L.  Myres. 


Ixxii 

aEPOHT—  190 

1. 

Date  and  Place 

Presidents 

Secretaries 

1898.  Bristol  
1899.  Dover  

1900.  Bradford  ... 

E.  W.  Brabrook,  C.B  
0.  H.  Bead,  F.S.A. 

Prof.  John  Rhys,  M.  A  

H.  Balfour,  J.  L.  Myres,  G.  Parker. 
H.  Balfour,  W.  H.  East,  Prof.  A.  C. 
Haddon,  J.  L.  Myres. 
Rev.  E.  Armita°-e,  H.  Balfour    W 

1901.  Glasgow  ... 

Prof.     D.     J.    Cunningham, 
F.E.S. 

Crooke,  J.  L.  Myres. 
W.  Crooke,  Prof.  A.  F.  Dixon,  J.  F. 
Gemmill,  J.  L.  Myres. 

SECTION   I.— PHYSIOLOGY  (including  EXPERIMENTAL 
PATHOLOGY  AND  EXPERIMENTAL  PSYCHOLOGY). 

1894.  Oxford Prof.  E.  A.  Schafer,  F.R.S., '  Prof .  F.  Gotch,  Dr.  J.  S.  Haldane, 

M.K.C.S.  i     M.  S.  Pembrey. 

1896.  T-'rr-r--1  ..  *v-  W.  H.  Gaskell,  F.R.S.        \ Prof. R.Boyce, Prof. C.S.Sherruigton. 

1897.  J,-   •  ',     Michael  Foster,  F.R.S.   !  Prof .  R.  Boyce,  Prof .  C.  S.  Sherring- 

'     ton,  T>r.  L.  E.  Shore. 

1899.  Dover  J.  N.  Langley,  F.K.S.  Dr.  Howden,  Dr.  L.  E.  Shore,  Dr.  E. 

H.  Starling. 


1901.  Glasgow  ... 


Prof.  J.  G.  McKendrick \V.  B.  Brodie,  W.  A.  Osborne,  Prof. 

i     W.  H.  Thompson. 


SECTION  K.— BOTANY. 


1895.  Ipswich    . 

1896.  Liverpool. 

1897.  Toronto    . 

1898.  T>ris:ol  ... 

1899.  Dover  .... 

1900.  Bradford. 

1901.  Glasgow  . 


W.  T.  Thiselton-Dyer,  F.R.S. 
Dr.  D.  H.  Scott,  F.R.S 


Prof.  Marshall  Ward,  F.R.S. 

Prof.  F.  0.  Bower,  F.R.S.     ., 

.!Sir  George  King,  F.R.S 

Prof.  S.  H.  Vines,  F.R.S 

Prof.  I.  B.  Balfour,  F.K.S.  ... 


A.  C.  Seward,  Prof.  F.  E.  Weiss. 
Prof.  Harvey  Gibson,  A.  C.  Seward, 

Prof.  F.  E.  Weiss. 
Prof.  J.  B.  Farmer,  E.   C.  Jeffrey, 

A.  C.  Sewarcl,  Prof.  F.  E.  Weias. 
A.O  Seward,  H.  Wager,  J.  W.  White. 
G.  Dowker,  A.  C.  Seward,  H.  Wager. 
A.  C.  Seward,  H.  Wager,  W.  West. 
O.  F.  Scott  Elliot,  D.  T.  Gwynne- 

Vaughan,  A.  C. Seward,  H.  Wager. 


SECTION  L.— EDUCATIONAL  SCIENCE. 


1901.  Glasgow  ...  Sir  John  E.  Gorst,  F.R.S. 


B.  A.  Gregory,  W.  M.  Heller,  R.  Y. 
Howie,  C.  W.  Kimmins,  Prof. 
H.  L.  Withers. 


LIST  OF  EVENING  DISCOURSES. 


Date  and  Place 


1842.  Manchester 


1843,  Cork 


1844.  York 

5.  Cambridge 


Lecturer 


Charles  Vignoles,  F.R.S 


Sir  M.  L  Brunei    

R.  I.  Murchison 

Prof.  Owen,  M.D.,  F.R.S 

Prof.  E.  Forbes,  F.R.S 


Dr,  Robinson , 

Charles  Lyell,  F.R.S. 
Dr.  Falconer,  F.R.S..., 


G,B,Airy,F.R,S.,Astron,Royal 


Subject  of  Discourse 


The  Principles  and  Contraction  of 

Atmospheric  Railways. 
The  Thames  Tunnel. 
The  Geology  of  Russia. 
The  Dinornis  of  New  Zealand. 
The  Distribution  of  Animal  Life  in 

the  ^Egean  Sea. 
The  Earl  of  Rosse's  Telescope, 
Geology  of  North  America. 
The  Gigantic  Tortoise  of  the  Siwalik 

Hills  in  India. 
Progress  of  Terrestrial  Magnetism. 


LIST  OF  BVBHINQ  DISCOUBSB8. 


hxiii 


Date  and  Place 


Lecturer 


Subject  of  Discourse 


1845. 
1846. 


Cambridge 
Southamp- 
ton. 


R.  I.  Murchison,  F.R.S.  ., 
Prof.  Owen,  M.D.,  F.R.S. 

Charles  Lyell,  F.R.S 

W.  R.  Grove,  F.R.S 


1847.  Oxford 


Rev.  Prof.  B.  Powell,  F.R.S. 
Prof.  M.  Faraday,  F.R.S 


Hugh  E.  Strickland,  F.G.S.... 
Swansea  ...  John  Percy,  M.D.,  F.R.S 


1848. 

1849.  Birmingham 

1850.  Edinburgh. 

1851.  Ipswich    ... 

1852.  Belfast 


1853.  Hull. 


W.  Carpenter,  M.D.,  F.R.S.... 

Dr.  Faraday,  F.R.S 

Rev.  Prof.  Willis,  M.A.,  F.R.S. 

Prof.  J.  H.   Bennett,   M.D., 
F.R.S.E. 

Dr.  Mantell,  F.R.S 

Prof.  R.  Owen,  M.D.,  F.R.S. 


G.B.Airy,F.R.S.,Astron.  Royal 
Prof.  G.   G.   Stokes,   D.C.L. 

F.R.S. 
Colonel  Portlock,  R.E.,  F.R.S 


Prof.  J.  Phillips,  LL.D .,  F.R.  S., 
F.G.S. 


1854. 
1855. 
1856. 

1857. 
1858. 
1859. 

1860. 
1861. 

1862. 


Liverpool... 
Glasgow  ... 
Cheltenham 

Dublin 

Leeds  

Aberdeen... 

Oxford 

Manchester 


Robert  Hunt,  F.R.S 

Prof.  R.  Owen,  M.D.,  F.R.S. 
Col.  E.  Sabine,  V.P.R.S 

Dr.  W.  B.  Carpenter,  F.R.S. 
Lieut.-Col.  H.  Rawlinson    ... 


Col.  Sir  H.  Rawlinson  , 


W.  R.  Grove,  F.R.S 

Prof.  W.  Thomson,  F.R.S.  ... 
Rev.  Dr.  Livingstone,  D.C.L. 
Prof.  J.  Phillips,LL.D.,F.R.S. 
Prof.  R.  Owen,  M.D.,  F.R.S. 
Sir  R.  I.  Murchison,  D.C.L.... 
Rev.  Dr.  Robinson,  F.R.S.  ... 

Rev.  Prof.  Walker,  F.R.S,  ... 
Captain  Sherard  Osborn.  R.N. 
Prof.  W.  A.  Miller,M.A.,F.R.S. 


G.  B.  Airy,  F.R.S.,  Astron, 

Royal. 

Cambridge  'Prof.  Tyndall,  LL.D.,  F.R.S. 
|Prof.  Odling,  F.R.S 


Geology  of  Russia. 

Fossil  Mammalia  of  the  British  Isles. 
Valley  and  Delta  of  the  Mississippi. 

Properties  of  the  Explosive  Substance 
discovered  by  Dr.  Schonbein;  also 
some  Researches  of  his  own  on  the 
Decomposition  of  Water  by  Heat. 

Shooting  Stars. 

Magnetic  and  Diamagnetic  Pheno- 
mena. 

The  Dodo  (Dldus  incptus). 

Metallurgical  Operations  of  Swansea 
and  its  Neighbourhood. 

Recent  Microscopical  Discoveries. 

Mr.  Gassiot's  Battery. 

Transit  of  different  Weights  with 
varying  Velocities  on  Railways. 

Passage  of  the  Blood  through  the 
minute  vessels  of  Animals  in  con- 
nection with  Nutrition. 

Extinct  Birds  of  New  Zealand. 

Distinction  between  Plants  and 
Animals,  and  their  changes  of 
Form. 

Total  Solar  Eclipse  of  July  28, 1851. 

Recent  Discoveries  in  the  properties 
of  Light. 

Recent  Discovery  of  Rock-salt  at 
Carrickf  ergus,  and  geological  and 
practical  considerations  connected 
with  it, 

Some  peculiar  Phenomena  in  the 
Geology  and  Physical  Geography 
of  Yorkshire. 

The  present  state  of  Photography. 

Anthropomorphous  Apes. 

Progress  of  Researches  in  Terrestrial 
Magnetism. 

Characters  of  Species. 

Assyrian  and  Babylonian  Antiquities 
and  Ethnology. 

Recent  Discoveries  in  Assyria  and 
Babylonia,  with  the  results  of 
Cuneiform  Research  up  to  the 
present  time. 

Correlation  of  Physical  Forces. 

The  Atlantic  Telegraph. 

Recent  Discoveries  in  Africa. 

The  Ironstones  of  Yorkshire. 

The  Fossil  Mammalia  of  Australia. 

Geology  of  the  Northern  Highlands. 

Electrical  Discharges  in  highly 
rarefied  Media. 

Physical  Constitution  of  the  Sun. 

Arctic  Discovery. 

Spectrum  Analysis. 

The  late  Eclipse  of  the  Sun. 

The  Forms  and  Action  of  Water. 
Organic  Chemistry. 


REPORT— 1901. 


Date  and  place 


Lecturer 


Subject  of  Discourse 


1863.  Newcastle 


Prof.  Williamson,  F.B.S., 


James  Glaisher,  F.R.S. 


1864. 
1865. 

1866. 
1867. 

1868. 
1869. 
1870. 

1871. 
1872. 

1873 
1874. 

1875. 
1876. 
1877. 


Bath 

Birmingham 

Nottingham 
Dundee 

Norwich  ... 

Exeter  

Liverpool,.. 

Edinburgh 
Brighton  ... 

Bradford  .., 
Belfast,...., 

Bristol , 

Glasgow   .. 
Plymouth .. 


Prof.  Roscoe,  F.R.S 

Dr.  Livingstone,  F.R.S. 
J.  Beete  Jukes,  F.R.S..., 


William  Huggins,  F.R.S 


1878.  Dublin  ..., 


1879. 
1880. 
1881. 


Sheffield 
Swansea 
York 


Dr.  J.  D.  Hooker,  F.R.S 

Archibald  Geikie,  F.R.S., 

Alexander  Herschel,F.ll.A.S. 
J.  Fergusson,  F.R.S 


Dr.  W.  Gelling,  F.R.S 

Prof.  J.  Phillips,  LL.D.,F.R.S. 
J.  Norman  Lockyer,  F.R.S.  .. 

Prof.  J.  Tyndall,LL.D.,F,R.S. 

Prof  .W.  J.  Macquorn  Rankine, 

LL.D.,  F.R.tt. 
F.  A.  Abel,  F.R.S 


.  B.  Tylor,  F.R.S. 


Prof.  P.  Martin  Duncan,  M.B., 

F.R.S. 
Prof.  W.  K.  Clifford 


iProf.  W.  C.Williamson, F.R.S. 
|  Prof.  Clerk  Maxwell,  F.R.S. 

Sir  John  Lubbock,Bart.,M.P., 
F.R.S. 

Prof.  Huxley,  F.R.S 


|W.Spottiswoodc,LL.D.,F.R.S. 
|F.  J.  Bramwell,  F.R.S 

Prof.  Tait,  F.R.S.E 

Sir  Wyville  Thomson,  F.R.S. 

W.  Warington  Smyth,  M.A., 
F.R.S. 

Prof.  Odling,  F.R.S 

G.  J.  Romanes,  F.L.S 

|  Prof.  Dewar,  F.R.S 

;  W.  Crookes,  F.R.S ... 

i  Prof  .E.  Ray  Lankestcr,  F.R.S. 

Prof  .W.Boyd  Dawluns,  F.R.S. 

Francis  Galton,  F.R.S 

Prof.  Huxley,  Sec.  R.  S 


The  Chemistry  of  the  Galvanic  Bat- 
tery considered  in  relation  to 
Dynamics. 

The  Balloon  Ascents  made  for  the 
British  Association. 

The  Chemical  Action  of  Light. 

Recent  Travels  in  Africa. 

Probabilities  as  to  the  position  and 
extent  of  the  Coal-measures  be- 
neath the  red  rocks  of  the  Mid- 
land Counties. 

The  results  of  Spectrum  Analysis 
applied  to  Heavenly  Bodies. 

Insular  Floras. 

The  Geological  Origin  of  the  present 
Scenery  of  Scotland. 

The  present  state  of  Knowledge  re- 
garding Meteors  and  Meteorites. 

Archaeology  of  the  early  Buddhist 
Monuments. 

Reverse  Chemical  Actions. 

Vesuvius. 

The  Physical  Constitution  o£  the 
Stars  and  Nebulse. 

The  Scientific  Use  of  the  Imagina- 
tion. 

|  Stream-lines  and  Waves,  in  conncc- 
1     tion  with  Naval  Architecture. 
|  Some  Recent  Investigations  and  Ap- 
plications of  Explosive  Agents. 

The  Relation  of  Primitive  to  Modern 
Civilisation. 

Insect  Metamorphosis. 

The  Aims  and  Instruments  of  Scien- 
tific Thought. 

Coal  and  Coal  Plants. 
j  Molecules. 

I  Common  Wild  Flowers  considered 
in  relation  to  Insects. 

The   Hypothesis  that  Animals  are 
!     Automata,  and  its  History. 
;  The  Colours  of  Polarised  Light, 
i  Railway  Safety  Appliances. 
!  Force. 

The  *  Challenger '  Expedition. 
|  Physical  Phenomena  connected  with 
the  Mines  of  Cornwall  and  Devon, 

The  New  Element,  Gallium. 

Animal  Intelligence. 
!  Dissociation,  or   Modern   Ideas  of 
1     Chemical  Action. 
!  Radiant  Matter. 


Mental  Imagery. 

The  Rise  and  Progress  of  Palaeon- 

tology. 

W.  Spottiswoode,  Pres.  R.S,...  |The  Electric  Discharge,  its  Forms 
•     and  its  Functions. 


LIST  OF 


DISCOURSES. 


honr 


Date  and  Place 

1882.  Southamp- 

ton. 

1883.  Southport 

1881.  Montreal... 


1885.  Aberdeen... 

1886.  Birmingham 

1887.  Manchester 

1888.  Bath 


Lecturer 


Prof.  Sir  Wm.  Thomson,  F.R.S, 
Prof.  H.  N.  Moseley,  F.R.S. 
Prof.  R.  S.  Ball,  F.R.S 

Prof.  J.  G.  McKendrick 

Prof.  0.  J.  Lodge,  D.Sc 

Rev.  W.  H.  Dallinger,  F.R.S. 


Prof.  W.  G.  Adams,  F.R.S. ,. 


Subject  of  Discourse 


Tides. 

Pelagic  Life. 

Recent  Researches  on  the  Distance 
of  the  Sun. 

Galvanic  and  Animal  Electricity. 

Dust. 

The  Modern  Microscope  in  Re- 
searches on  the  Least  and  Lowest 
Forms  of  Life. 

The  Electric  Light  and  Atmospheric 
Absorption. 

The  Great  Ocean  Basins. 

Soap  Bubbles. 


John  Murray,  F.R.S.B 

A.  W.  Riicker,  M.A.,  F.R.S. 

Prof.  W.  Rutherford,  M.D.  ...j The  Sense  of  Hearing. 

Prof.  H.  B.  Dixon,  F.R.S.    ...(The  Rate  of  Explosions  in  Gases. 

Col.  Sir  F.  de  Winton j  Explorations  in  Central  Africa. 

Prof.  W.  E.  Ayrton,  F.R.S. ... |  The     Electrical     Transmission    oi 
|  I     Power. 

Prof.  T.  G.    Bonney,  D.Sc.,  The  Foundation  Stones  of  the  Earth's 

F.R.S.  Crust. 

1880.  Newcastle-    Prof.  W.  C.  Roberts- Austen,  Thu  Hardening  and  Tempering  of 
upon-Tyne      F.R.S.  j     Steel. 

j  Walter  Gardiner,  M.A How  Plants  maintain  themselves  in 

I  '     the  Struggle  for  Existence. 

1890.  Leeds   JE.  B.  Poulton,  M.A,,  F.R.S....!  Mimicry. 

Prof.  0.  Vernon  Boys,  F.R.S.  |  Quartz  Fibres  and  their  Applications. 

1891.  Cardiff Prof.L.C.Miall,F.L.S.,F.G.S.|Some    IWculties  in  the    Life  of 

i     Aquatic  Inbects. 

Prof.A.W.Rueker,M.A.,F.R.S.  Electrical  Stress. 
Prof.  A.  M  Marshall,  F.R.S.  |  Pedigrees. 
Prof.  J.A.  E\ving,M.A.,  F.Ii.S.1  Magnetic  Induction. 


181)2.  Edinburgh 

1893.  Nottingham  | Prof.  A.  Smithclls.  B.S 


Jl 


Flame. 


Prof.  Victor  Uorsley,  F.R.S.1  The  Discovery  of  the  Physiology  of 
|  :     the  Nervous  System. 

ISO  1.  Oxford J.  W.  Gregory,  D.Sc.,  F.G.S.; Experiences     and      Prospects     of 

!     African  Exploration. 

'  Prof,  J. Shield  Nicholson, M.A.  Historical  Progress  and  Ideal  So- 
cialism. 
1803.  Ipswich     ..  Trof,  S.  P.  ThompMm,  F.R.S.   M;i<rm»ti-m  in  Rotation. 

(Prof.    Percy    F.    Frankland,  The  Work  of  Pasteur  and  its  various 
F.R.S.  Developments. 

189(i.  Liverpool..., Dr.  F.  Elgar,  F.R.S Safety  in  Ships. 

i  Prof.  Flinders  Petrie,  D.C.L.   Man  before  Writing. 
18!)7.  Toronto    ...  |  Prof.  Roberts  Austen,  F.R.S.  !  Canada's  Metals. 

!J.  Milne,  F.R.S '  Earthquakes  and  Volcanoes. 

1898.  Bristol Prof.  W.  J.  Sollas,  F.R.S.     ..'Funafuti:  the    Study  of    a   Coral 

Island. 
j  Herbert  Jackson  Phosphorescence. 

1899.  Dover  ;  Prof .  Charles  Richet La  vibration  nerveusc. 

Prof.  J.  Fleming,  F.R.S The    Centenary    of    the    Electric 

Current. 


1900.  Bradford... 

1901.  Glasgow  ... 


Prof.  F.  Gotch,  F.R.S Animal  Electricity. 

Prof.  W.  Strond Range  Finders. 

Prof.  W.  Ramsay, F.R.S 'The    Inert    Constituents    of    the 

Atmosphere. 
F.  Darwin,  F.R.S I  The  Movements  of  Plants. 


REPOKT— 1901. 


LECTURES  TO  THE  OPERATIVE  CLASSES. 


Date  and  Place 


1867. 
1868. 
1869. 


Dundee 

Norwich  ... 
Exeter 


1870. 
1872. 
1878. 
1874. 
1875. 
1876. 
1877. 
1879. 
1880. 
1881. 

1882. 

1883. 
1884. 
1885. 
1886. 

1887. 
1888. 
1889. 

1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 


Liverpool.. 
Brighton  .. 
Bradford  .. 

Belfast 

Bristol  

Glasgow  .. 
Plymouth.. 
Sheffield  .. 
Swansea  .. 
York 


Southamp- 
ton. 

Southp  Dr. 
Montreal  ... 
Aberdeen... 
Birmingham 

Manchester 

Bath 

Newcastle- 
upon-Tyne 

Leeds   

Cardiff 

Edinburgh 
Nottingham 

Oxford 

Ipswich  . . . 
Liverpool... 
Toronto  ... 
Bristol 


Lecturer 


Prof.J.Tyndall,LL.D.,F.R.S. 
Prof.  Huxley,  LL.D.,  F.R.S. 
Prof.  Miller,  M.D.,  F.R.S.   ... 


Sir  John  Lubbock,Bart.,F.R.  S . 
W.Spottiswoode,LL.D.,F.R.S. 
0.  W.  Siemens,  D.C.L.,  F.R.S. 

Prof.  Odling,  F.R.S 

Dr.  W.  B.  Carpenter,  F.R.S. 
Commander  Cameron,  C.B.... 

W.  H.  Preece 

W.  E.  Ayrton     

H.  Seebohm,  F.Z.S 

Prof.      Osborne       Reynolds, 

F.R.S. 
John  Evans,  D.C.L.,Treas.R.S. 


Subject  of  Discourse 


Sir  F.  J.  Bramwell,  F.R.S.  ... 

Prof.  R.  8.  Ball,  F.R.S 

H.  B.  Dixon,  M.A 

P$of.  W.  C.  Roberts-Austen, 
F.R.S. 

Prof.  G.  Forbes,  F.R.S 

Sir  John  Lubbock,Bart.,F.R.8. 
B.  Baker,  M.Inst.C.E 


1900. 
1901. 


Bradford... 
Glasgow  ... 


Prof.  J.  Perry,  D  Sc.,  F.R.S. 
Prof.  S.  P.  Thompson,  F.Il.S. 
Prof.  C.  Vernon  Boys,  F.R.S. 

Prof.  Vivian  B.  Lewes 

Prof.  W.  J.  Sollas,  F.R.S.    ... 

Dr.  A.  H.  Fison 

I  Prof.  J.  A.  Fleming,  F.R.S.... 

Dr.  H.  O.  Forbes   

Prof.  E.  B.  Poulton,  F.R  S. 


Prof.  S.  P.  Thompson,  F.R.S, 
H.  J.  Mackinder,  M.A 


Matter  and  Force. 

A  Piece  of  Chalk. 

The  modes  of  detecting  the  Com- 
position of  the  Sun  and  other 
Heavenly  Bodies  by  the  Spectrum. 

Savages. 

Sunshine,  Sea,  and  Sky. 

Fuel. 

The  Discovery  of  Oxygen. 

A  Piece  of  Limestone. 

A  Journey  through  Africa. 

Telegraphy  and  the  Telephone. 

Electricity  as  a  Motive  Power. 

The  North- East  Passage. 

Raindrops,  Hailstones,  and   SHQW- 

!     flakes. 

'  Unwritten  History,  and  how  to 
read  it. 

'  Talking  by  Electricity — Telephones. 

Comets. 

1  The  Nature  of  Explosions. 

,  The  Colours  of  Metals  and  their 
Alloys. 

Electric  Lighting. 

The  Customs  of  Savage  Races. 

The  Forth  Bridge. 

Spinning  Tops. 

Electricity  in  Mining. 

Electric  Spark  Photographs. 

Spontaneous  Combustion. 

Geologies  and  Deluges. 

Colour. 

The  Earth  a  Great  Magnet. 

New  Guinea. 

The  ways  in  which  Animals  Warn 

their  enemies  and  Signal  to  their 

friends. 

Electricity  in  the  Industries, 
The   Movements  of  Men  by  Lund 

and  Sea. 
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OFFICERS   OF   SECTIONAL  COMMITTEES   PRESENT  AT 
THE  GLASGOW  MEETING. 

SECTION  A. — MATHEMATICAL  AND   PHYSICAL  SCIENCE. 

President.— "Major  P.  A.  MacMahon,  F.R.S.,  F.R.A.S. 
Vice-Presidents.—!?™*.  A.  Gray,  LL.D.,  F.R.S.  ;  Prof.  A.  G.  Greenhill, 

F.R.S.  ;  E.   H.  Griffiths,  M.A.,   F.R.S.  ;  Prof.  W.  Jack,   LL.D.  ; 

Lord  Kelvin,   F.R.S.  ;    Joseph   Larmor,    D.Sc.,   F.R.S.  ;    Prof.   G. 

Mittag-Leffler,  For.  Mem.  R.S.  ;  Prof.  G.  Quincke,  For.  Mem.  R.S.  ; 

Prof.  H.  H.  Turner,  F.R.S. 
Secretaries.— H.  S.  Carslaw,  M.A.,  D.Sc.  ;  C.  H.  Lees,  D.Sc.  (Recorder) ; 

\V.  Stewart,  M.A.,  D.Sc. ;  Prof.  L.  R.  Wilberforce,  M.A. 

SECTION   B. — CHEMISTRY. 

President.— Prof.  Percy  F.  Frankland,  F.R.S. 

Viet- Presidents.— Dr.  E.  Divers,    F.R.S.  ;    Prof.    J.   Fergusson,    LL.D., 

F.R.S.E. .  Prof.  W.  H.  Perkin,  F.R.S.  ;  Prof.  James  Walker,  F.R.S. ; 

Dr.   T.  E.  Thorpe,  F.R.S.  ;  Dr.  W.    A.  Tilden,  F.R.S.  ;  Prof.   A. 

Michael ;  Prof.  E.  W.  Morley. 
Secretaries. — Dr.  W.  C.  Anderson,  M.A.  ;  Dr.  G.  G,  Henderson,  M.A. ; 

Prof.  W.  J.  Pope  ;  Dr.  T.  K.  Rose  (Recorder). 

SECTION   C.— GEOLOGY. 

President.— John  Home,  F.R.S.,  F.R.S.E.,  F.G.S. 

Vice-Presidents.— Prof.  Lapworth,  F.R.S. ;  Prof.  A.  F.  Renard,  LL.D.  ; 

B.  N.  Peach,  F.R.S. ;  Prof.  W.  J.  Hollas,  M.A.,  F.R.S.  ;  Prof.  John 

Young,  M.D. 
Secretaries. — Herbert  L.  Bowman,  M.A. ;  H.  W.  Monckton  (Recorder). 

SECTION   D. — ZOOLOGY. 

President.— Prof.  J.  Cossar  Ewart,  M.D.,  F.R.S. 

Vice-Presidents.— Prof.  T,  W.  Bridge  ;  Prof.  W.   A.  Herdman,  F.R.S.  ; 

Prof.  G.  B.  Howes,  F.R.S.  ;  Prof.  W.  C.  M'Intosh,  F.R.S, ;  Prof. 

M.  Laurie,  D.Sc.  ;    Prof.    L.    C.  Miall,   F.R.S.  ;    R.   H.   Traquair, 

LL.D.,  F.R.S. ;  Canon  Tristram,  F.R.S. 
Secretaries. — J.  Graham  Kerr,  M,A.  (Recorder)  ;  James  Rankin,  M.B,, 

B.Sc.  ;  J.  Y.  Simpson,  D.Sc. 

SECTION  E. — GEOGRAPHY. 

President.— Dr,  H.  R.  Mill,  F.R.S.E.,  RR.G.S. 

Vice-Presidents.— 3 .  Scott  Keltie,  LL.D.  ;  H.  J.  Mackinder,  M.A. ;  E.  G. 

Ravenstein  ;  Rev.  Prof.  George  Adam  Smith,  D.D. 
Secretaries.— IL.   N.   Dickson,     B.Sc.,    F.R.S.E.,    F.R.G.S.   (Recorder); 

Edward  Heawood,   M.A.,   F.R.G.S.;    G.   Sandeman ;    A.    Crosby 

Turner. 
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SECTION   #.*— ECONOMIC   SCIENCE    \ND   STATISTICS. 

President.— Sir  Robert  Giffen,  K.C.B.,  F.R.S. 

Vice-Presidents. — J.  Bonar,  LL.D.  ;  Rev.  W.  Cunningham,  D.D.,LL.D.  ; 

Major  P.  G.  Craigie,  V.P.S.S.  ;  L.  L.  Price,  M.A.  ;  Prof.  W.  Smart, 

LL.D. 
Secretaries.— -W.  W.  Blackie,  B.Sc. ;  A.  L.  Bowley,  M.A.  ;  E.  Caiman, 

LL.D.  (Recorder) ;  Prof.  §.  J.  Chapman,  M.A. 

SECTION   G. — ENGINEERING. 

President.—  Colonel  R.  E.  Crornpton,  M.Inst.C.E. 
Vice-Presidents.—Prof.  Archibald   Barr,    D.Sc.,   M.Inst.C.E.  ;    Prof.  T. 

Hudson  Beare,   F.R.S.E.,  M.InstC.E.  ;   Sir  Alexander   R.  Binnie, 

M.Inst.C.E.,  F.G.S.  ;    Robert  Caird,   LL.D.  ;    H.   Graham  Harris, 

M.Inst.C.E. 
Secretaries.— Harry  Bamford,  M.Sc.  ;  Prof.  W.  E,  Dalby,  M.A. ;  W.  A. 

Price,  M.A.  (Recorder). 

SECTION   H. — ANTHROPOLOGY. 

President.— Prof.  D.  J.  Cunningham,  M.D.,  D.Sc.,  F.R.S. 
Vice-presidents.— H.  Ealfour,  M.A.  ;  Prof.  J.  Cleland,  M.D.,  F.R.S. 
Secretaries. — W.    Crooke ;   J.    F.  Gemmill,   M.A.,    M.D. ;    Prof.  A.   F. 
Dixon,  Sc.D.  ;  J.  L.  Myres,  M.A.,  F.S.A.  (Recorder). 

SECTION   I, — PHYSIOLOGY. 

President.— Prof.  J.  G.  M'Kendrick,  M.D.,  LL.D.,  F.R.S. 
Vice-Presidents.v-'Prof.  A.  E.  Schafer,  F.R.S.  ;  Prof.  C.  S.  Sherrington, 

M.D.,   F.R.S.  ;    Sir    M.    Foster,   K.C.B.,    M.P.,   Sec.R.S.  ;   Sir    J. 

Burdon  Sanderson,  Bart.,  F.R.S.  ;  Prof.  F.  Gotch,  F.R.S. 
Secretaries.— W.  B.  Brodie,  M.B. ;  W.  A.  Osborne,  D.Sc. ;  Prof.  W.  H. 

Thompson,  M.D.  (Recorder). 

SECTION   K. — BOTANY. 

President.— Prof.  L  Bayley  Balfour,  F.R.S. 

Yice-Presidents.—Yrol  F.  O.  Bower,  F.R.S.  ;  F.  Darwin,  F.R.S. ;    Dr. 

D.  H.  Scott,  F.R.S.  ;  Prof.  J.   W.  H.  Trail,  F.R.S,  ;  Prof.  Marshall 

Ward,  F.R.S. 
Secretaries.— A.  C.  Seward,  F.R.S.  (Recorder)  ;  Prof.  O.  F.  Scott  Elliot  ; 

D.  T.  Gwynne-Vaughan  ;  Harold  Wager. 

SECTION  L. — EDUCATIONAL  SCIENCE. 

President.-— The  Right  Hon.  Sir  John  E.  Gorst,  K.C.,  M.P.,  F.R.S. 
Vice- Presidents. — Prof.  H.  E.  Armstrong,  F.R.S.  ;  Dr.  J.  H.  Gladstone 

F.R.S. ;  Prof   L.   C,   Miall,  F.R.S. ;    Prof.   John   Perry,   F.R.S.  ; 

The  Very  Rev.  Principal  Story,  D.D. ;  Sir  John  Neilsori  Cuthbortson, 

LL.D.,  D.L.  ;  Sir  Philip  Magnus. 
Secretaries.— Prof.  R.  A.   Gregory ;   W.  M.  Heller,  B.Sc. ;    Robert  Y. 

Howie,  M.A.  ;  Dr.  C.  W.  Kimmins  ;  Prof.   H.  L,  Withers,  M.A. 

(Recorder). 


COMMITTEE  0*  BECOMMENDATIONS. 


COMMITTEE  OF  RECOMMENDATIONS. 

The  President ;  the  Vice -Presidents  of  the  Meeting  ;  the  Presidents  of 
former  years ;  the  Trustees ;  the  General  and  Assistant  General 
Secretaries  ;  the  General  Treasurer. 

The  Presidents  of  the  Sections. 

Prof.  A.  R.  Forsyth  ;  Prof.  Schuster  ;  Prof.  H.  H.  Turner;  Dr.  Thorpe  ; 
Prof.  Harold  Dixon  ;  W.  Whitaker  ;  G.  W.  T--,in^-; -li  ;  Prof,  Miali ; 
W.  E.  Hoyle;  Dr.  J.  Scott  Keltie ;  E.  W.  IVi!.;-.>ok  ;  E.  Cannan ; 
Sir  W.  H.  Preece  ;  Prof.  T.  H.  Beare  ;  H.  Balfour  ;  J.  L.  Myres  ; 
Prof.  F.  Gotch  ;  Prof.  Way  mouth  Reid  ;  Prof.  F.  O.  Bower ;  Prof. 
Marshall  AVard ;  Prof.  H.  E.  Armstrong  :  Dr.  0.  W.  Kimmina  ; 
F.  W.  Rudler. 
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Dr.  THE  GENERAL  TREASURER'S  ACCOUNT, 

00-190i.  RECEIPTS. 

£     ?.     </. 

Balance  brought  forward  713    6    5 

Life  Compositions  (including  Transfers)  267    0    0 

New  Annual  Members' Subscriptions 110    0    0 

Annual  Subscriptions 557    0    0 

Sale  of  Associates' Tickets 791    0    0 

Sale  of  Ladies' Tickets  481    0    0 

Sale  of  Publications   147    2    5 

Sale  of  Consols iW9    8    0 

Dividend  on  Consols  UK)    ;j    2 

Dividend  on  India  3  per  Cents 102  12    0 

Interest  on  Deposit  at  Bradford  District  Hank 37    6  11 

XTnexpended  Balance  of  Grant  retmnecl  by  Committee  on 

Electrolytic  Quantitative  Analysis  384 


£920  17    9 

Investment*. 

£  «.  d. 

Consols    6501  10  5 

India  3  per  Cents    3600  0  0 

£10,101  10  5 
G,  CABEY  FOSTER,  General  Treasurer. 


GENERAL  TREASURER'S  ACCOUNT. 


from  July  2,  1900,  to  June  29, 1901.  Or. 

1900-1901.  EXPENDITURE. 

£     *.     d. 

Expenses  of  Bradford  Meeting,  including  Printing,  Adver- 
tising, Payment  of  Clerks,  &c.  &c 131     1     4 

Rent  and  Office  Expenses 56  7  8 

Salaries 51f>  0  0 

Printing,  Binding,  &c 1096  7  9 

Payment  of  Grants  made  at  Bradford : 

£  *.  rf. 

Electrical  Standards 45  0  0 

Heismological  Observations 75  0  0 

Wave-length  Tables -ill  0 

Isomorphous  Hnlplionio  Derivatives  of  Beiizene :i5  0  o 

Life-zones  in  British  Carboniferous  Rocks    20  0  0 

Underground  N\*nter  of  North-west  Yorkshire1    r»o  0  0 

Exploration  ot  iiisl i  Caves 15  0  0 

Table  at-    .7     '..•'••  I  -     '       .^  •' 100  0  0 

Table  at-       •'           -.     !        •     •  • . .  r./nionth 20  0  0 

Index  (it'nerum  et  Specierum  Animalium 75  0  0 

Migration  of  Hmls    1<>  0  0 

Terrestrial  Surface  Waves 5  0  0 

( 'hanges  of  Land-level  m  the  Plilegni-an  Fields 50  0  0 

Lcfrl-liirluii  ii'-.Miliiiinir  Women's  Labour   Iff  0  0 

Small  >i-ii-\v  i.ii'iin> 45  0  0 

Jlesistauec  of  Road  Vehicles  to  Traction  75  0  0 

Silchester  Excavation 10  0  0 

Kthnologieal  Survey  o£  Panada . 30  0  0 

\   "•   •    '•       .""'.chiutj f>  0  U 

i\-'          •       i-         115  0  0 

J  *Uy Biological  Effects  of  Peptone 30  0  0 

Chemistry  of  Bone  Marrow    5  IS  11 

Suprarenal  Capsules  in  the  Jlabbit 5  0  0 

Fertilisation  in  Plutophynea) 1  .">  0    0 

•••*•„       "     '        .'.".'  ,\    '".•'  T    '         "  5^0     0     0 

I  .          •«  •  i     •  .'  15     0     0 

-       020     i)  11 

In  hands  of  General  Treasurer : 
At  13ank  of  England,  Western  Branch  £:?57    5    8 

Let*  Cheques  not  presented  211  11     4 

.       145  1 1    4 

On  Deposit  at  Bradford  District  Bank   1  r>:*2     3     1 

Cash  0  13    8 

H5S4   11     7 


£4403  17    9 

I  have  examined  the  above  Account  with  the  books  and  vouchers  of  the  Associa- 
tion, and  certify  the  same  to  be  correct.  I  have  also  verified  the  balance  at  the 
Bankers*,  and  have  ascertained  that  the  Investments  are  registered  in  the  names 
of  the  Trustees. 

Approved —  W.  B.  KEEN,  Chartered  Accountant, 

E.  W.  BRABBOOK,     1   A    -,..  3  Church  Court,  Old  Jewry,  E.O 

HORACE  T.  BROWN,  J  A  ua^r8-  July  26, 1901. 

1901.  e 
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Table  showing  the  Attendance  and  Receipts 


Date  of  Meeting 

Where  held 

Presidents 

OM  Life 
Merat>ers 

New  Life 
Members 

1831,  Sept.  27  
1832,,  Time  ID... 

York    
Oxford     . 

The  Kail  Fitzwilham,  D.O.L..  F.R.S. 
TheTlev.W.  Buekland,  F.RS  

- 

— 

1833,  June  25     ... 

Cambridge   

The"       '•   -  '    .:  '    •  Tl.M. 

— 

— 

1881,  Sept.  8 

Edinburgh 

SirT   'I    !     •        ,    ••      ,  F.R.H. 

_ 

— 

1835,  Aug.  10  ... 

Dublin  

The  Rev.  Provost  Lloyd.LL.D.,  F.R.S.  1 

— 

— 

1836,  Aug.  22    .... 

Biistol     

The  Marquis  of  Lunsdowne,  F.RS.  . 

— 

— 

1837,  Sept.  11  .. 

Liverpool 

The  Knrl  of  Itarhmrroii,  F.R  S. 

_ 

— 

1838,  Aug.  10  ...   . 

Howcastle-on-Tyue 

The  Duke  of  Northumbeilaud,  F  R.S. 

— 

— 

1839,  Aug.  20  .. 

Birmingham    . 

Tlie  Rev.  W.  Vomi  >n  1  laroourt,  F.R  8 

— 

— 

la^Fi-pLw.    . 
1841,  July  20  ... 

The  Munnii*  of  Rniiidnlbano.  V.R.H. 
The  Kcv.  \V.  Whewell,  F.K.S. 

169 

65 

1842,  June  23  . 

Manchester  

Tlie  Lord  Franeirt  Koertou,  F.O  S 

303 

169 

1843,  Aug.  17 

Cork  

The  Karl  of  Rosso,  F.R.R. 

101) 

?8 

1844,  Sept.  26  

York  

Theltev.  IK  Peaeoek.  D.D  ,  V  H.ft 

226 

150 

1845,  June  19    . 

•"  •     •   .  , 

Sir  John  P.  W.ilerschel,  Bait.,  F.R  S. 

313 

36 

1846,  Sept.  10     . 

.  i     ii 

SirRnderick  I.Mun'hisnn,Bart.,F.R  S 

241 

10 

184  7,  June  23  ... 

Oxford    '.    ...'... 

-•••.'        'T  '  .-•  -  •:      .  •  U.S. 

314 

1H 

1818,  Auf(.  9  

Swansea         .  .    . 

"•*       .  •     '»                  •    VPS.!!  S 

149 

3 

1849,  Sept.  12 

Birmingham     .. 

The  Rcv^T.  R.  Robinson,  D.D.  F.R.S. 

227 

12 

I860  July  °1 

r"',' 

Sir  David  Brewbtor,  K.H.,  F  U.S. 

235 

() 

1851,'  Julv  »  .... 
1852,  Sept.  1   . 

fieltant  ". 

(K  B.  Airy,  Astronomer  Royal,  F.R.S. 
LLeut.-General  Sabine,  F.R.H.     ..   . 

172 
164 

10 

1853,  Sept.  3 

Hull     

William  Hopkins,  F.R.S  

141 

13 

185  i,  Sept.  20...  . 

Liverpool    

The  Karl  of  Harrowbv,  F.R.S,      .. 

238 

23 

1856,  Sept.  12  .. 
1856,  Aug.  6^       . 

(Jtaxgow  
Cheltenham    

The  Duke  of  Argyll,  F.R.S.         .     .. 
Prot.  C.  •,  -  7    '          '.'-    ~ 

191 
182 

33 
14 

Dublin     

The  Rev                    •   • 

2.1G 

15 

1  "  •»,  *  .       -'       . 

Leeds    

Riehard  Owen,  M.D.,  D.C.L.,  P.R.S.... 

222 

42 

1859,  Sept.  14  

Aberdeen    

H.BJf.  The  Prince  Contort 

1K4 

27 

1860,  June  27  .  ... 
1861,  Sept.  4    .    . 

Oxford  
Manchester  

The  Lord  Wrottu-sley,  M..V.,  F.R.S, 
Wjllium  Fairbairn,  LL.D.,  F.R.S  

286 
321 

21 
113 

1862,  Oct.    I   ... 

ra'iilu.  I*?'1 

The  Bev.  Professor  Willw,M.A.,K.R.R. 

239 

15 

1803,  Anir.  26 

Ni   '  ,,l-I  !'-(>!  |-'luii 

SirWilliam       •      -         .'.""""  ^ 

203 

36 

1865^  Sept.  o'  ..! 

Hath           
Birmingham 

Prot.  J.  Phillips,  M.A.,  LL'.D./  K.ll.S.' 

287 
292 

40 
44 

1866,  AUK.  22 

Nottingham 

William  K.  (Jrove,  Q  (\,  F.H  S 

207 

31 

1867,  Sept.  4 

Dundee  

The  Duke  of  BuoelenHi,  K.(MJ.,F.R.S. 

%      167 

25 

1868,  Aug.  19  ... 

Norwich         

Dr.  Joseph  1).  Hooker,  F.K.S  

196 

18 

1869,  Aug.  18  ... 

Exeter        

Prol.  (}.  IK  Stokes,  D.C.L.,  F  II  S.      . 

204 

21 

1870,  Sept.  H.  . 

Liverpool  

Prof.  T.  H.  Huxley,  LL.D.,  l\R  S.    . 

314 

30 

1871,  Aug.  2 

Edinburgh   

Prot.  Sir  W.  Thomson,  LL.D.,  F.R.S 

246 

28 

1872,  Aug.  14    ... 

Brighton  

Dr.  W.  B.  Cartvncer,  F.R.S. 

215 

Hfl 

1873,  Sept.  17... 

Bradford  

Prof.  A.  W.  Williamson,  F.R.S. 

LM2 

27 

1874,  Aug.  19    ... 

Belfast      

Prof.  J.  Tvndall,  LL.D.,  F.R.B.    . 

162 

in 

1«75.  \n»  ?*     .. 

Bristol            ..     . 

Sir  John  Ffawkshaw,  F.R.S  

2:19 

•W 

IS7I5,  s>|i.'i      .. 

dasgow 

Prof.  T.  Andri-ws,  M  I)  ,  F  U.S. 

221 

35 

1877,  Aug.  15 

P.-       * 

Prof.  A  .  Thomson,  il  .U.,  F  R.S.       .. 

173 

10 

DllDllJI 

W.  Spottiswoode,  At  A.,  F.R  S. 

201 

18 

•  r.1.  \  •  .  _  i 

Sheffield    

Prof.  <K  J.  Alhimn,  M.I3.,  F  R.S. 

184 

10 

•"•  .  \  *  •  >.... 

Swansea       

A.  C.  Runwiv,  LL.D.,  F.R.S. 

144 

11 

York     .          . 

Sir  J  ohn  Lubboek,  TJart  .,  F.R.S.     . 

272 

28 

HK'J.  VIST.  !',{  .... 

Southampton 

Dr.  C.  W.  Riemeiw  F.R  S  

178 

17 

*H'|    .•'ill     1  '1  " 

Southpoit 

1'rof.  A.  Cavley,  D.(1  L.,  K.11.S. 

203 

CO 

188  1!  Aug.'  27""! 

Moritictd  

Prof.  Lord  Jlayleigh,  F.15  S.     .     .. 

235 

20 

1885,  Sept.  9 

Aberdeen 

Sir  Lvon  Plavfsiir  K  O.H.,  F  11.S.  .. 

225 

18 

1886,  Sept.  1    .... 

Birmingham 

Sir  J.'  W.  Dawson,  (XM.(K,  F.R.S. 

314 

?5 

1887,  Aug.  31 

Manchester   

Sir  U.  E.  Roseoe,  D.O.L.,  F.U.S.   ... 

428 

KG 

1888,  Sept.  5  ... 

Tfc+h 

Sir  F.  J.  Rramwell,  F.IUJ  

266 

36 

lHW.Bept.il.  . 

\    .  ..i   ••  r.  • 

Prot.  W.  H.  Flower,  C.B.,  F.11.S. 

277 

20 

1890,  &*pt.  3      . 

Leeds      ...     "... 

Sir  Y.  A.  Abel,  O.B.,  F  U.S. 

259 

21 

1891,  Aug.  19  ..  . 

Cardiff      

Dr.  W.  Huggnm,  F.R.S.            

189 

24 

1892,  Aug.  3  . 

Kdinburgh 

Sir  A.  Ueikie,  LL  J).,  F.R  S. 

280 

14 

1893,  Sept.  13.  . 

Nottingham    .     . 

Prof.  J.  S.  Burdon  Sanderson,  F.H.S. 

201 

17 

1894,  Aug.  H  ... 
1895,  Sept.  11 

Oxford      .... 
Ipswich 

The  Marquis  of  Salisbury,  Iv.U.,  F.R.S. 
Sir'^      •     •'  •        K.C.B.,  F.R.8. 

327 
214 

21 
13 

1896,  Sept.  16 

Liverpool    

Sir        .                  -rt.,  J^es.  JI.S. 

3HO 

1897,  Aug.  18     . 

Toronto  

Sir  John  Evans,  K.C.B.,  F.R.B.  

120 

*8 

1898,  Sept.  7   

Bristol   

SirW.Crookes,F.R.S  

281 

19 

1899,  Sept.  13  .... 

Dover      

Sir  Michael  Foster,  K.O.B.,  Sec.B.S. 

396 

20 

1900,  Sept,  6  ... 

Bradford  

Sir  William  Turner,  D.O.L.,  F.RS. 

267 

13 

1901,  Sept.  11  

Glasgow  

Prof.  A.  W.  RUcker,  D.Sc.,  See.R.S. 

37 

4  Ladies  were  not  admitted  by  purchased  tickets  until  1843.     t  Tickets  of  Admission  to  Sections  only 
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— 
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— 
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— 
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— 

— 

— 

— 

34 
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— 
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— 

— 

— 

— 

40 

1353 

— 

1540  16  4 

1840 

46 

317 

— 

00* 

— 

891 

. 

1235  10  11 

1841 

75 

:J76 

83f 

331* 

28 

1315 

_ 

1449  17  8 

1842 

71 

185 

—  • 

160 

— 

— 

—  . 

1565  10  2 
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45 

190 

Of 

260 

— 

— 

— 

981  12  8 

1844 

94 

22 

407 
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35 

1079 

— 

'  831  9  9 

1845 

65 

39 

270 

196 

36 

857 



685  16  0 

1846 

1»7 

40 

495 

203 

53 

1320 



208  5  4 

1847 

54 

25 

376 

197 

15 

819 

£707  0  0 

275  1  8 

1848 

93 

33 

447 

237 

22 

1071 

983  0  0 

159  19  6 

1849 

128 

42 

510 

273 

44 

1241 

1085  0  0 

345  18  0 

1850 

01 

47 

244 

141 

37 

710 

620  0  0 

391  9  7 

1851 

63 

60 

510 

292 

9 

1108 

1085  0  0 

304  6  7 

1852 

5t> 

57 

3t>7 

236 

6 

876 

903  0  0 

205  0  0 

1853 

121 

121 

7(55 

524 

10 

1802 

1882  0  0 

380  19  7 

1854 

143 

101 

1094 

543 

26 

2133 

2311  0  0 

480  16  4 

1855 

104 

48 

412 

346 
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1098  0  0 

734  13  9 
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350 
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900 
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26 

2022 
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SH 
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1981  0  0 
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1858 

125 
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22 

2564 
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59 

636 

463 

47 
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125 
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16 
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57 
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242 

25 

1161 
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1704 

1004 

25 

3335 
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1008  3  10 

1863 

182 

103 

1119 

1058 

13 

2802 

2965  0  0 

1289  15  8 

1864 

215 

149 

766 

808 

23 

1997 

2227  0  0 

IfiOl  7  10 

18(55 

218 

105 

980 

771 

11 

2303 

2409  0  0 

1750  13  4 

1866 

193 

118 

1163 

771 

7 

2444 

2613  0  0 

1739  4  0 

18(57 

22(5 
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720 

682 

45J 

2004 

2042  0  0 

1940  0  0 

1868 

229 
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G7H 
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185G 

1931  0  0 

1622  0  0 

1869 

803 

195 

1103 

910 

14 

2878 

30i>(5  0  0 

1572  0  0 

1870 

:ni 

127 

976 

754 

21 

2463 

2575  0  0 

1472  2  6 

1871 

280 

80 

937 

912 

43 

2533 

2649  0  0 

1285  0  0 

1872 

2:57 

99 

796 

601 

11 

1983 

2120  0  0 

1685  0  0 

1873 

232 

85 

817 

630 

12 

1951 

1979  0  0 

1151  16  0 

1871 

307 

93 

884 

672 

17 

2248 

2307  0  0 

960  0  0 

1875 

331 

185 

12(55 

712 

25 

2774 

3023  0  0 

1092  4  2 

1876 

238 

59 

446 

283 

11 

1229 

12C8  0  0 

1128  9  7 

1877 

290 

03 

1285 

674 

17 

2578 

$615  0  0 

725  16  6 

1878 

239 

74 

529 

349 

13 

1404 

1425  0  0 

1080  11  11 

1879 

171 

41 

389 

147 

12 

915 

899  0  0 

731  7  7 

1880 

313 

176 

1230 

514 

24 

2557 

2689  0  0 

476  8  1 

1881 

253 

79 

516 

18!) 

21 

1253 

1286  0  0 

1126  1  11 

1882 

330 

3215 

952 

841 

5 

2714 

3369  0  0 

1083  3  3 

1883 

317 

219 

826 

74 

26&60H.§ 

1777 

1865  0  0 

1173  4  0 

1884 

332 

122 

1053 

447 

0 

2203 

2266  0  0 

1385  0  0 

1885 

428 

179 

1Q67 

429 

11 

2463 

2632  0  0 

995  0  6 

1886 

510 

244 

1985 

493 

92 

3838 

4336  0  0 

1186  18  0 

1887 

399 

100 

639 

509 

12 

1984 

2107  0  0 

1511  0  5 

1H88 

412 

113 

1024 

679 

21 

2437 

2441  0  0 

1417  0  11 

1889 

368 

92 

680 

334 

12 

1775 

1776  0  0 

789  1C.  8 

1890 

341 

152 

672 

107 

35 

1497 

1664  0  0 

1029  10  0 

1891 

413 

141 

738 

439 

50 

2070 

2007  0  0 

804  10  0 

1892 

328 

57 

773 

268 

17 

1661 

1653  0  0 

907  15  6 

1893 

436 

69 

941 

451 

77 

2821 

2175  0  0 

583  15  6 

1894 

290 

31 

493 

261 

22 

1324 

1236  0  0 

977  15  6 

1895 

383 

139 

1384 

873 

41 

3181 

3228  0  0 

not  s  i 

1896 

286 

125 

683 

100 

41 

1362 

1898  0  0 

1059  10  8 

1897 

327 

9C 

1051 

639 

33 

2446 

2399  0  0 

1212  0  0 

1898 

324 

68 

548 

120 

27 

1403 

1328  0  0 

1430  14  2 

1899 

297 

45 

801 

482 

9 

1915 

1801  0  0 

1072  10  0 

1900 

374 

131 

791 

246 

20 

1912 

2046  0  0 

946  0  0 

1901 

J  Including  Ladies,  §  Fellows  of  the  American  Association  were  admitted  as  Hon,  Members  for  this  Meeting, 
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OFFICERS  AND  COUNCIL,  1901-1902. 


PRESIDENT. 
PROFESSOR  ARTHUR  W.  RUCKER,  M.A.,  LL.D.,  D.Sc,,  Sec,R.S. 

VICE-PRESIDENTS. 


The  Right  Hon,  the  EARL  OF  GLASGOW,  G.C.M.G. 
The  Right  Hou.  the  LORD  BLYTHSWOOD,,  LL.D., 

D.L. 
The  Right   Hon.  the   LORD   KELVIN,  O.C.V.O., 

D.C.L.,  LL.D.,  F.R.S. 
SAM  URL   OHIHHOLM,  Esq.,  the   Hon.   fcho     Lord 

T-«  *  "•   «•"•"•.  ••  • 
Yen     .- • .  ;     i!--     •••  STORY,  D.T\,  LL  D.,  the 

Principal  of  the  University  of  Glasgow. 


Sir  JOHN  MAXWELL  STIRLING-MAXWELL,  Bart., 
M.P.,  D.L. 

Sir  ANDREW  v       •.  "\  •  "•   ""» r> '    ~  -.  " 

SirARCHIBAI          :'          .       •         .      ' 

Sir  W.  T.  THISELTON-DYEH,  K.C.M.G.,  C.I.E.,  F.R.S. 
JAMKS  PAHM  u  ^MI  i  n,  Y-<\.,  M  P  ,  D.L. 
JOHN  iMiUs,  Kbq.,  LL.D. 
Professor  JOHN    CLELAND,   M.D.,   LL.D.,  D.Sc,. 
F.R.S. 


His  Grace  the  DUKB  OP  ABBRCORN,  K.G.,  H.M. 

Lieutenant  of  the  County  of  Donegal, 
The  MARQUESS  OF  DUFFERIN  AND  AVA,  K.P., 

F.R.S.,  H.M.  Lieutenant  of  the   County  of 

Down. 
The  MARQITBSS  OP   LONDON-PERRY,   K.G.,   H.M. 

Lieutenant  of  the  Cltv  of  Belfast. 
Sir  FRANCIS   MACNAGHTEN,   Bart.,  H.M.   Lien- 

Unant  of  the  County  of  Antrim. 


PRESIDENT    ELECT. 

Professor  JAMES  DEWAR,  M.A.,  LL.D.,  F.R.S. 

VICE-PRESIDENTS   ELECT. 


The  Right  Hon.  the  BABL  OF  SHAFTESBURY,  D.L. 
The  Right  Hou.  the  EARL  OF  ROSSB,  K.P.,  F  K.S. 
The  Ri«ht  Hon.  THOMAS  SINCLAIR,  D.Lit. 
Sir  WILLIAM  QUARTUS  EWART,  Bart.,  M.A. 
The  LOUD  MAKOR  ov  BELFAST. 
The  PRESIDENT  of  Queen's  Collet',  P-elf..-!. 
Professor  B.  RAY  LANKKSTUI,  M.A.,  r.U.^. 
I'rofessor  PSTKR  RBPFEUN,  il.D. 


GENERAL    SECRETARIES. 

Professor  Sir  W.  0.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L,,  P.R.S. 
Dr.  D.  H.  SCO  IT,  M.A.,  F.R.S. 

ASSISTANT    GENERAL    SECRETARY. 
G.  GRIFFITH,  Esq.,  M.A.,  Harrow,  Middlesex. 

GENERAL   TREASURER. 

Professor  n.  CAREY  FOSTER,  B.A.,  F.R.S.,  Burlington  House,  London,  W. 
LOCAL    SECRETARIES    FOR    THE    MEETING    AT    BELFAST. 

JOHN  BROWN,  Epq.      j      Professor  MAURICE  FITZGERALD,  B. A.     |     GODFREY  W.  FERGUSON,  ESQ. 

LOCAL   TREASURER    FOR    THE    MEETING    AT    BELFAST. 
R.  KYLE  KNOX,  LL.D. 


ORDINARY    MEMBERS 

ARMSTRONG,  Professor  H.  E.,  F.R.S.  j 

BONAR,  J.,  Esq.,  L CtD.  i 

BOWKR,  Professor  F.  O.,  F.R.S 
CALLENDAH,  Professor  H.  L.,  F.R.S. 
CREAK,  Captain  E.  W.,  R.N.,  C.B..  F.R.S. 
DARWIN,  Major  L.,  Sec.R.G.S. 
FREMANTLF,  Hon.  Sir  0.  W.,  K.C.B. 
GOTCH,  Professor  F.,  F.R.S. 
HALLIBURTON^  Professor  W.  D.,  F.R.S. 
K-       ,.,T   •••  •-     .F    i.LL.D. 
1  -N   '  -  '    ,  :'•   ' ,  -•  •  E.  RAY,  F.R.S. 
LOCKYKR,  Sir  J.  NORMAN,  K..C.B.,  F.R.S. 
LODGB,  Principal  0.  J.,  F.E.S. 


OF    THE    COUNCIL. 

MAC  A  LISTER,  Professor  A.,  F.R.S. 
MACMAHON,  Major  P.  A.,  F.R.S, 
MARR,  J.  E.,  Esq.,  F.R.S. 
PBRKIN,  Professor  W,  H.,  F.R.S. 
PEIUH,  Professor  John,  F.R.S. 
PREECE,  Sir  W.  H.,  K.O.B.,  F.R.S. 
PRICE,  L.  L.,  Esq.,  M.A. 
SEWARD,  A.  0,,  Esq.,  F.R.S. 
SOLLAS,  Professor  W.  J.,  F.R  R. 
TILDEN,  Professor  W.  A.,  F.R.S. 
TILOH,  Professor  E.  B.,  F.R.S. 
WOLFE-BARRY,  Sir  Joux,  K.C.B.,  F.R  S. 


EX-OFFICIO    MEMBERS    OF    THE    COUNCIL. 

The  Trustees,-'    **     "•..:'  Elect,  the  Presidents  of  former  years,  tho  Vice-presidents  and 

Vtoe.Pre8idenJ  .  ,  -  •  .  •  .  Assistant  General  Secretaries  for  the  present  and  former  years 
the  Secretary,  the  General  Treasurers  for  the  present  and  former  years,  and  the  Local  Treasurer  and 
Secretaries  for  the  ensuing  Meeting. 

TRUSTEES  (PERMANENT). 

The  Right  Hon.  Lord  AVEBURY,  D.C.L.,  LL.D.,  F.R.S.,  F.L.S. 
The  Right  Hon.  Lord  RAYLEIGH,  M.A.,  D.C.L.,  LL.D.,  F.R.S..  F.R.A.S. 
Professor  A,  W.  RUCKBB,  M.A.,  D.So.,  Bec.R.S. 

PRESIDENTS  OF  FORMER  YEARS. 


Sir  Joseph  D,  Hooker,  K.C.S.I. 
Bir  George  Gabriel  Stokes,  Bart., 

F.R.S. 

Lord  Kelvin,  G.C.V.O.,  F.R.S. 
Prof.  A.  W.  Williamson,  F.R.S. 
T.«>r  I  ^  \  oV  i- . ,  T>.r.T. ,  F.R  <=. 
J.-TI  itik.k.(.g- t  I  MM..,  F.l!#. 


/- 1  ..  :'  \\  - 


Sir  ~.  p..  T 


F.R.S. 

Prof.  Sir  J.  S.  Burdon  Sanderson, 
Bart.,  F.R.S. 


F.  Galton,  Esq.,  F.U.S. 


GENERAL  OFFICERS  OF  FORMER  YEARS. 


The  Marquis  of  Salisbury,  K.G., 

F.R.S. 

Lord  Lister,  D.O.L.,  F.R.S. 
Sir  John  Evans,  K.O.B.,  F.R.S. 
Sir  William  Crookes,  P.R.8. 
Sir     Michael     Foster,     K.C.B., 

M.P.,  F.R.S. 
Sir  W.  Turner,  K.O.B.,  F.R.S. 


Prof.  Sir  Michael  Foster,  K.C.B., 


M.P.,  Sec.R.8. 

.  Grifflth?  Esq.,  M.A. 


P.  L.  ?>>:•„-• 
Pr<  ' 


i»i.D..  |-.p. 


..  ,  ...  .. 
Pro*.  A.  W.  "W  •.\\~,v  *,:i,  F.ll  .-. 
A.  Yernon  Harcourt,  Esq.,  F.R.S. 

AUDITORS. 
9.  W.  Brabrook,  Eiq.  C,B.  |  L.  L.  Price,  Esq  ,  M.A. 


Prof.  A.  W.  RUcker,  Sec.R.S. 
Pi-of.  E.  A.  Schiifer,  F.R.S. 


REPORT  OF  THE  COUNCIL. 


Report  of  the  Council  for  the  Year  1900-1901,  presented  to  the  General 
Committee  at  Glasgow  on  Wednesday,  September  11,  1901. 

In  |>:>  -f!i!i::'j  their  Annual  Report  the  Council  have,  in  the  firstplace, 
to  inform  the  General  Committee  that  they  resolved  that  an  Address 
should  be  presented  to  the  King  on  his  accession  to  tha  Throne,  and  that 
the  following  Address  was  presented  by  the  President  on  behalf  of  the 
Council  : — 

To  THE  KING'S  MOST  EXCELLENT  MAJESTY. 
May  it  please  Your  Majesty, 

We,  the  President  and  Council  of  the  British  Association  for  the 
Advancement  of  Science,  most  respectfully  desire  to  be  permitted  to 
express  to  Your  Majesty  our  deepest  sympathy  in  the  great  loss  which 
Your  Majesty  and  the  Empire  have  sustained  by  the  death  of  Her 
Gracious  Majesty  Queen  Victoria. 

The  British  Association  will  always  bear  in  grateful  remembrance 
the  fact  that  your  illustrious  Father,  His  B/oyal  Highness  the  Prince 
Consort,  to  whose  scientific  knowledge  and  guidance  the  Nation  owes  so 
much,  was  pleased  to  accept  the  office  of  President  for  1he  Meeting  held 
at  Aberdeen  in  1859.  His  Royal  Highness  then,  as  in  so  many  other 
ways,  revealed  his  appreciation  of  the  importance  of  the  advancement  of 
science  which  has  exerted  so  beneficial  an  influence  throughout  Her 
Majesty's  glorious  reign. 

We  confidently  and  fervently  hope  that  the  progress  of  science  will 
continue  during  the  reign  of  Your  Majesty  to  promote  the  prosperity  of 
your  people  throughout  the  Empire. 

We  beg  leave  to  be  permitted  to  offer  to  Your  Majesty  the  humble 
expression  of  our  sincere  congratulation  and  loyal  homage  and  devotion 
on  your  succession  to  the  throne  of  your  Ancestors. 

Signed  on  behalf  of  the  Council, 

WM.  TURNER,  President. 

To  this  Address  the  following  gracious  reply  has  been  received  : — 

Home  Office,  Whitehall, 
March  11,  1901. 

SIR, — I  am  commanded  by  the  King  to  convey  to  you  His  thanks 
for  the  Loyal  expressions  of  sympathy  and  devotion  which  have  been 
addressed  to  him  by  the  President  and  Council  of  the  British  Associa- 
tion. 

His  Majesty  is  further  deeply  gratified  by  the  tribute  paid  to  the 
memory  and  the  influence  of  His  Koyal  Highness  the  Prince  Consort ; 
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ana  tie  fully  shares  in  the  hope  that  the  advancement  of  science,  which 
has  been  so  great  a  glory  of  Her  Majesty's  reign,  may  be  continued 
throughout  His  own. 

I  am,  Sir,  your  obedient  Servant, 

CHAS.  T.  RITCHIE, 

The  President  of  the  British  Association  for  the  Advancement 
of  Science,  Burlington  House,  W, 

The  Council  have  heard  with  much  regret  of  the  death  of  Dr.  Andrew 
Stewart,  one  of  the  Vice-presidents-elect  for  the  Glasgow  meeting,  and 
the  founder  of  the  Adam  Smith  Chair  in  the  University. 

The  following  reply  from  the  India  Office  regarding  the  suggestion 
made  by  the  Council,  that  opportunity  should  be  taken  to  collect  Ethno- 
graphical information  by  means  of  the  Indian  Census  of  1901,  has  been 
received : — 

India  Office,  Whitehall,  London,  S.W., 
December  1JJOO. 

Sitt, — With  reference  to  your  letter  of  December  1890  and  my  reply  No.  II.  and  S. 
3539,  of  the  IGth  January,  J900, 1  am  directed  to  inform  you  that  the  Secretary  of 
State  for  India  in  Counoil  has  now  received  the  remarks  of  the  Government  of 
India  on  the  suggestion  of  the  British  Association  for  the  Advancement  of  Science, 
that  opportunity  should  be  taken  to  collect  ethnographical  information  by  means  of 
the  Indian  Census  of  1901.  *• 

2.  The  Government  of  India  entirely  agree  with  the  Secretary  of  State's  recogni- 
tion of  the  importance  of  the  investigations  which  the  Association  suggested,  but 
find  themselves  constrained  to  say  that  it  is  impossible  (except  to  the  limited  extent 
indicated  in  paragraph  4  of  this  letter)  to  make  these  investigations  by  means  of,  or 
in  connection  with,  the  Census.     They  consider  that  the  addition  to  the  Census 
Schedule  of  Columns  relating  to  even  a  small  number  of  ethnographic  facts  would 
expand  it  to  unwieldy  dimensions ;  the  enumerating  agency  is  wholly  unfitted  to 
conduct  such  an  inquiry,  and  the  facts  recorded  by  it  would  be  worthless  ;  and  they 
apprehend  that  there  would  be  grave  risk,  not  only  that  the  accuracy  of  the  entries 
in  the  essential  columns  would  be  impaired  by  the  additional  burden  imposed  on 
the  enumerators,  but  also  that  the  unusual  nature  of  the  questions  asked  would  give 
rise  to  rumours  and  excite  apprehensions  which  would  seriously  interfere  with  the 
ordinary  operations  of  the  Census. 

3.  The  Government  of  India  also  deem  it  impracticable  to  carry  out  the  sug- 
gestion that  photographers  should  be  placed  at  the  disposal  of  the  Census  officers, 
as  this,  besides  being  very  expensive,  would  hinder  the  officers'  proper  duties,  and 
would  delay  the  submission  of  the  reports,  which  it  is  desired  to  complete  as  soon 
as  possible. 

4.  With  the  view,  however,  of  taking  action,  ae  far  as  may  be  practicable,  in  the 
direction  of  collecting  ethnographical  information,  the  Census  Commissioner  has 
instructed  the  Census  Superintendents  to  endeavour,  in  the  districts  which  they  visit, 
to  obtain,  fiom  the  niosc  trustworthy  sources,  particulars  under  uniform  headings 
regarding  the  history,  structure,  traditions,  and  religious  and  social  usages  of  the 
various  tribes  and  castes.    The  Commissioner  considers  that  nothing  beyond  this 
can  be  undertaken  in  connection  with  the  Census  operations,  and  the  Government  of 
India  accept  hia  opinion ;  but  they  have  considered  the  question  how  far  it  is  pos- 
sible and  advisable  apart  from  the  Census  to  encourage  and  assist  ethnographic  in- 
vestigations in  India,  and  have  submitted  a  scheme  by  which  it  is  hoped  that  in  the 
course  of  a  few  years  a  fairly  complete  account  of  the  ethnography  of  the  larger 
provinces  raay  be  obtained. 

This  scheme  has  received  Lord  George  Hamilton's  approval. 

I  am,  Sir,  your  obedient  Servant, 
(Signed)  A. 

Sir  Michael  Foster,  K.C.B.,  F.R.8.,  Burlington  House,  Piccadilly,  W. 


REPORT  OF  THE  COUNCIL. 

The  Council  have  nominated  Professor  John  Cleland,  F.R.S.,  Vice- 
President  for  the  Meeting  at  Glasgow. 

The  Council  have  elected  the  following  men  of  science,  who  have 
attended  Meetings  of  the  Association,  to  be  Corresponding  Members  : — 

Professor  T.  C.  Chamberlin,  Chicago.  Professor  Philipp  Lenard,  Kiel. 

Dr.  Yves  Delage,  Paris.  Professor  A.  Penck,  Vienna. 

Professor  W.  GK  Farlow,  Harvard.  j  Gen. -Major  Rykatchew,  St.  Petersburg. 

Professor  A.  P.N.  Franclrimont,  Leiden,  i 

The  Council,  having  received  an  invitation  to  appoint  Delegates  to 
attend  the  Ninth  Jubilee  Celobrations  of  the  University  of  Glasgow  OH 
June  12,  13,  and  14,  requested  the  President  and  the  General  Secretaries 
to  represent  the  Association  at  the  Celebrations,  and  to  present  the 
following  Address  to  the  University  : — 

We,  the  President  and  Council  of  the  British  Association  for  the 
Advancement  of  Science,  offer  our  cordial  congratulations  to  the  Univer- 
sity of  Glasgow  on  the  occasion  of  the  celebration  of  the  four  hundred 
and  fiftieth  anniversary  of  the  founding  of  the  University. 

The  British  Association  has  since  its  birth  in  1831  been  brought  from 
time  to  time  into  close  relations  with  the  University  of  Glasgow.  It  has 
on  three  occasions  held  highly  successful  meetings  within  your  City,  and 
is  looking  forward  with  pleasurable  anticipation  to  u  fourth  meeting  in 
the  autumn  of  the  present  year.  The  success  of  these  gatherings  has 
been  largely  due  to  the  earnest  co-operation  of  the  able  men  of  science 
who  have  filled  and  adorned  the  Chairs  iu  the  University,  three  of  whom 
at  meetings  in  other  Cities  have  occupied  the  Presidential  Chair  of  the 
Association  itself. 

Til  presenting  our  congratulations  we  would  at  the  same  time  express 
the  hope  that  the  University  may  continue  to  prosper  and  to  extend  in 
influence  and  usefulness.  The  efforts  which  you  are  making  to  add  to 
the  Professoriate,  to  obtain  now  build  ings  and  appliances  for  the  continued 
development  of  your  teaching  and  for  the  r-in  -iiirr.^iiiri.t  of  research, 
show  that  you  mean  to  retain  a  foremost  place  amidst  the  U  niversities  of 
the  United  Kingdom. 

Signed  on  behalf  of  the  Council, 

WILLIAM  TURNER,  President. 

The  Council  were  invited  to  appoint  Delegates  to  attend  the  British 
Congress  on  Tuberculosis,  which  was  held  on  J  uly  22-26,  in  London. 

The  Council  requested  Lord  Lister  and  Sir  Michael  Foster  to  represent 
the  Association  at  the  Congress. 

The  following  resolutions  referred  to  the  Council  by  the  General 
Committee  have  been  considered  and  acted  upon  : — 

(1)  That  in  connection  with  the  Resolution  relating  to  the  admission  of  women 
to  Committees,  as  well  as  on  general  grounds,  the  Council  is  requested  to  reconsider 
the  present  mode  of  electing  members  of  Sectional  Committees. 

The  Council  appointed  a  Committee,  consisting  of  Sir  F.  J.  BramweU, 
Professor  H.  E.  Armstrong,  Mr.  E.  H.  Griffiths,  Mr.  A.  V.  Harcourt 
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Mr,  G.  W.  Lamp]  ugh,  Professor  W.  A.  Tilden,  and  the  General  Officers, 
to  report  on  this  Resolution. 

In  accordance  with  the  recommendation  of  the  Committee,  the  Council 
recommend  that  the  present  practice  of  electing  members  of  Sectional 
Committees  be  continued  subject  to  the  following  modification  :  — 

1  That  any  Member  of  the  Association  who  has  intimated  the  inten- 
tion of  attending  a  particular  Meeting  of  the  Association,  and  who  has 
already  served  upon  a  Committee  of  a  Section,  shall  bo  eligible  for 
election  as  a  Member  of  the  Committee  of  that  Section  at  its  first 
meeting/ 

(2)  That  the  Council  be  requested  to  consider  the  appointment  of  a  separate 
Section  for  education. 

The  Council  considered  this  proposal,  and  resolved  that  a  Section  of 
Educational  Science  be  established,  to  be  entitled  Section  L,  but  that  the 
Section  shall  not  necessarily  meet  each  year. 

The  following  resolution,  which  was  passed  at  the  Conference  of 
Delegates  at  Bradford,  and  accidentally  not  forwarded  to  the  Committee 
of  Becommendations,  was  brought  before  the  Council  and  considered  :  — 

That  the  proposed  Copyright  Bill,  so  far  as  it  affects  the  copyright  of  Scientific 
Societies  in  their  transactions,  and  the  publication  of  abstracts  of  Scientific  papers, 
be  referred  to  the  General  Committee  ;  and  that  they  be  requested  to  take  such 
action  a3  will  protect  Scientific  Societies. 

The  Council  authorised  the  General  Officers  to  co-operate  with  other 
Societies  in  regard  to  the  question  of  copyright  if  a  Bill  is  again  brought 
before  Parliament. 

The  Report  of  the  Corresponding  Societies  Committee  for  the  past 
year,  consisting  of  the  list  of  the  Corresponding  Societies  and  the  titles 
of  the  more  important  papers,  and  especially  those  referring  to  Local 
Scientific  Tmo-tL'ati'm.-.  published  by  those  Societies  during  the  year 
ending  June  1,  1901,  has  been  received. 

The  Corresponding  Societies  Committee,  consisting  of  Mr.  Francis 
Galton,  Mr.  W.  Whitaker  (Chairman)^  Dr.  J.  G.  Garson,  Sir  J.  Evans,  Mr. 
J.  Hopkinson,  Professor  R.  Meldola,  Professor  T.  G.  Bonney,  Mr.  T.  V. 
Holmes,  Mr.  Horace  T.  Brown,  Rev.  J.  O.  Bevan,  Professor  W.  W. 
Watts,  Rev.  T.  R.  R.  Stebbing,  Mr.  C.  H.  Read,  and  Mr.  F.  W.  Rudler, 
is  hereby  nominated  for  reappointment  by  the  General  Committee. 

The  Council  nominate  Mr.  F.  W.  Rudler,  Chairman,  Mr.  W.  Whitaker, 
F.  R.S.,  Vice-Chairman,  and  Dr.  J.  G.  Garson  and  Mr.  Alexander  Somer- 
ville,  Secretaries,  to  bhe  Conference  of  Delegates  of  Corresponding  Societies 
to  be  held  during  the  Meeting  at  Glasgow. 

The  Council  have  received  Reports  from  the  General  Treasurer  during 
the  past  year,  and  his  accounts  from  July  1,  1900,  to  June  30,  1901, 
which  have  been  audited,  are  presented  to  the  General  Committee. 

In  accordance  with  the  regulations  the  retiring  Members  of  the 
Council  will  be  :  — 


Mr.  Francis  Darwin. 

Dr.  W.  H.  Qaskell. 

Professor  L.  F."  Vernon  Harcourt. 


Professor  E.  B,  Poulton. 
Professor  J.  M,  Thomson. 
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The  Council  recommend  the  re-election  of  the  other  ordinary  Members 
of  the  Council,  with  the  addition  of  the  gentlemen  whose  names  are  dis- 
tinguished by  an  asterisk  in  the  following  list : — 


Armstrong,  Professor  H.  E.,  F.R.S. 
Bonar,  J.,  Esq.,  LL.D. 
Bower,  Professor  B\  OM  F.R.S. 
CaUendar,  Professor  H.  L.,  F.R.S. 
Creak,  Captain  E.  W.,  R.N.,  F.R.S. 
Darwin,  Major  L.,  Sec.  R.G.S. 
Fremantle,  The  Hon.  Sir  C.  W.,  K.C.B. 
*Gotch,  Professor  F.,  F.R.S. 
Halliburton,  Professor  W.  D.,  F.R.S. 
Keltie,  J.  Scott,  Esq.,  LL.D. 
Lankester,  Professor  E,  Ray,  F.R.S. 
Lockyer,     Sir    J.     Norman,    K.C.B. , 
F.R.S. 


Lodge,  Professor  Oliver,  F.R.S. 
*Macalister,  Professor  A.,  F.R.S. 
MacMahon,  Major  P.  A.,  F.R.S. 
Marr,  J.  E.,  Esq.,  F.R.S. 
*Perkin,  Professor  W.  H.,  F.R.S. 
*Perry,  Professor  John,  F.R.S. 
Preece,  Sir  W.  H.,  K.C.B.,  F.R.S. 
Price,  L.  L.,  Esq.,  M.A. 
*Seward,  A.  C.,  Esq.,  F.R.S. 
Sollas,  Professor  W.  J.,  F.R.S. 
Tilden,  Professor  W.  A.,  F.R.S. 
Tylor,  Professor  E,  B.,  F.R.S. 
Wolfe-Barry,  Sir  John,  K.C.B.,  F.R.S. 


SCO 
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COMMITTEES  APPOINTED  BY  THE  GENERAL  COMMITTEE  AT  THE 
GLASGOW  MEETING  IN  SEPTEMBER  1901. 


1.  Receiving  Grants  of  Money. 


Subject  for  Investigation  or  Purpose 


Members  of  the  Committee 


Making  Experiments  for  improv-      Chairman.— Lord  T  ,  *  V 
ing  the  Construction  of  Practical     Secretary.— Mi.  H   \   • 
Standards  for  use  in  Electrical     Lord  Kelvin,   Professors    W.    E. 
Measurements.  Ayrton,  J.  Perry,  VV.  IT.  Adams, 

[And  balance  in  hand.]  Oliver     J.      Lodge,     and     G. 

Caruy  Foster,  Dr.  A.  Muhliend, 
Sir     \V.     II.     Preece,     Profes- 
sors   J.    13.     Everett    and    A. 
Schuster,   Dr.    J.    A.    Fleming, 
Professor  J.   J.   Thomson,    Mr. 
W.  N.   Shaw,  Dr.    J.     T.    Hot- 
tomley,  Rev.  T.  C.  Fitzpatriek, 
Dr.  G.  Johnstoue  Stoney,  Pro- 
fessor S.  P.  Thompson,  Mr.  J. 
Ronnie,    Mr.    E.    H    Griffiths, 
i       Professors  A.  W.  lliicker,  II.  L. 
j       Callendar,     and     Sir     W.      C. 
j       Roberts-Austen,     and    Mr.    G. 
j       Matthey. 

!   Chairman.-— fiat.  J.  W.  Judd. 
Secretary. — Professor  J.  Milne. 
Lord     Kelvin,     Professor    T.    G. 
Bouncy,  Mr.  0.   V.  Boys,  Pro-  i 
ixwsor     G.     H.      Darwin,     Mr. 
Horace  Darwin,  Major  L.  Dar- 
win,   Professor    J.   A.    Ewing,  ' 
Dr.  K.  T.  Glazebrook,  Professor 
C.    G.    Knott,     Professor     It.  ' 
Meldola,    Mr.    11.    D.    Oldhani,  ! 
Professor  J.  Perry,  Mr.  W.  E. 
Plurnmer,     Professor     J.      H.  j 
Poyntmp:,   Mr.    Clement   Reid,  ! 
i       Mr.    Nelson    Richardson,    and  \ 
I      Professor  II.  H.  Turner.  \ 

To  co-operate  with    the    Royal  I  Clmirnutn.--^.  W.  N.  Shaw.        I 
Meteorological  Society  in  ini-  I  Secretary.— Mi.  \V.  H.  Dines! 


Seismological  Observations. 


tiating  an  Investigation  of  the 
Upper  Atmosphere  by  means 
of  Kites. 

To  co-operate  with  the  Committee 
of  the  Falmouth  Observatory 
in  their  M  agnetic  Observations. 


Mr.  D.  Archibald,  Mr.  C'.  Ver- 
non  Boys,  Dr.  A.  Buchan,  and 
Dr.  H.  It.  Mill. 


Chairman. — Sir  W.  H.  Preece. 

Secretary.—  Dr.  It.  T.  Glaaebrook. 

Professor  W.  G.  Adams,  Captain  ' 
Creak,  Mr.  W.  Fox,  Professor  i 
A.    Schuster,     and    Principal 
Biickor. 


Grants 


X     «.  d 
•10     0  0 


;  5   o  o 


75     0  0 


SO     0  0 


COMMITTEES  APPOINTED   BY   THE   GENERAL  COMMITTEE. 
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1.  Heceiving  Grants  of  Money — continued. 


Subject  for  Investigation  or  Purpose 


Members  of  the  Committee 


Grants 


The  relation  between  the  Absorp- 
tion Spectra  and  Chemical  Con- 
stitution of  Organic  Substances. 


Chairman  and  Secretary. — Pro- 
fessor W.  Noel  Hartley. 

Professor  F.  R.  Japp,  Professor  J.  J. 
Bobbie,  and  Mr.  Alexander 
Lauder. 


£ 
20 


i 

Preparing  a  new  Series  of  Wave-      Chairman. — Sir  H.  K.  Roscoe. 
length  Tables  of   the   Spectra     Secretary/. — Dr.  Marshall  Watts, 
of  the  Elements.  Sir  J.  N.  Lockyer,   Professors  J. 

Dewar,  G.  D.  Li  vein  g,  A.  Schus- 
ter, W.  N.  Hartley,  and  Wol- 
cott  Gibbs,  and  Sir  W.  de  W. 
Abney. 

Chairman. — Sir  Wm.  C.  Roberts-  ! 
Aubten .  i 

Secretary. --Dr.  T.  K,  Rose. 

Mr.  W.  Carrick- Anderson,  Pro- 
fessor H.  B.  Dixon,  Mr.  C.  T. 
Heycock,  Mr  F.  H.  Neville, 
and  Professor  W.  Kamsay. 

Chairman. — Professor  J.  Geikie. 

Scvreta  /•//.-  -Prof  essorW.W.  Watts. 

Professor  T.  G.  Boiiney,  Dr.  T.  An- 
derson, Professor  E.  J.  Gar- 
\vood,  and  Messrs.  A.  S.  Reid, 
W.  Gray,  H.  B.  Woodward,  K. 
Kidston,  J.  J.  H.  Teall,  J.  G. 
Goodchild,  H.  Coatcs,  C.  V. 
Crook,  G.  Bingley,and  R.Welch. 


The  action  of  Gases  dissolved  in 
Metals  and  Alloys  on  their 
Properties. 


The  Collection,  Preservation,  and 
•Systematic  Registration  of 
Photographs  of  Geological  In- 
terest. 


8.    d. 

0  0 


o     0  0 


iO     0  0 


500 


To  study  Life-zones  in  the  British 
Carboniferous  Rocks, 


Chairman. — Mr.  J.  E.  Marr. 

Secretary.-- -Dr.  Wheelton  Hind. 

Mr.  F.  A.  Bather,  Mr.  G,  0.  Crick, 
Mr.  A.  H.  Foord,  Mr.  H.  Fox, 
Professor  R.  J.  Garwood,  Dr. 
G.  J.  Hinde,  Professor  Percy  F. 
Kendall,  Mr.  Robert  Kid- 
ston, Mr.  G.  W.  Lamplugh, 
Professor  G.  A.  Lebonr,  Mr. 
B.  N.  Peach,  Mr.  A.  Strahan, 
and  Dr.  H.  Woodward. 

i 
The  movements  of  Underground  J  Chairman.  -Prof  essorW.W.  Watts. 


10    0  0 


Waters    of    North-west   York- 
shire. 
[Balance  in  hand.] 


Secretary. — Captain  A.  R.  D  worry  • 
house. 

Professor  A.  Smithells,  Rev.  E. 
Jones,  Mr.  Walter  Morrison, 
Mr.  G.  Bray,  Mr.  W.  Lower 
Carter,  Mr. '  W.  Fnirley,  Pro- 
fessor P.  F.  Kendall,  and  Mr. 
J.  E.  Marr. 
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1.  Receiving  Grants  of  Money — continued. 


Subject  for  Investigation  or  Purpose 


To  explore  Irish  Caves. 

[Collections  to  be  placed  in  the 
Science  and  Art  Museum,  Dub- 
lin.] 


To  consider  the  best  Methods  for 
the  Registration  of  all  Type 
Specimens  of  Fossils  in  the 
British  Isles,  and  to  report  on 
the  same. 

[Balance  in  hand.] 

To  enable  Mr.  R.  Gurney  to  work 
at  Excretion  in  Crustacea,  Mr. 
Wallace  to  investigate  Vivi- 
parous Fishes,  and  to  aid  other 
competent  investigator,  to  carry 
on  definite  pieces  of  work  at  the 
Zoological  Station  at  Naples. 

To  enable  Mr.  R.  C.  Punnett  to 
continue  his  investigations  on 
the  pelvic  plexus  of  Elasruo- 
branch  fishes,  and  to  enable 
other  competent  naturalises  to 
perform  definite  pieces  of  work 
at  the  Marine  Laboratory, 
Plymouth. 

[Balance,  SI.  5s.,  in  hand.] 

Compilation  of  an  Index  Generum 
et  Specierum  Animalium. 


Members  of  the  Committee 


Grants 


£ 
45 


*.  <l. 
0  0 


Chairman.— T>r.  R.  F.  Scharff. 

Secretary. — Mr.  R.  Lloyd  Praeger.  j 

Mr.  (jr.  Coffey,  Professor  Grenville  ( 

Cole,  Dr.  Cunningham,  Mr.  G.  j 

W.  Lamplugh,  Mr.  A.  McHenry,  ! 

and  Mr  R.  J.  Ussher. 

Chairman.— Dr,  H.  Woodward.  — - 

Secretary. — Mr.  A.  Smith  Wood- 
ward. 

Rev.G.  F.  Whidborne,  Mr.  R.  Kid- 
ston,  Professor  H.  G.  Seelev,  Mr. 
H.  Woods,  and  Rev.  J.  F.  Blake. 

Chairman.— Professor       W.       A.  '100    00 
Hcrdrnan.  ! 

Secretary. — Prof essor G. B.  Howes. 

Professor  E.  Ray  Lankester,  Pro- 
fessor W.  F.  R.  Weldon,  Pro- 
fessor S.  J.  Hickson,  Mr.  A. 
Sedgwick,  and  Professor  W.  C. 
Mclntosh. 

Chairman. — Mr.  W.  Garstang. 
Secretary. — Mr.  W.  Garstang. 
Professor  E.  Ray  .  Lankester, 

Professor  Sydney  II.  Vines,  Mr. 

A.  Sedgwick,  and  Professor  W. 

F.  R.  Weldon. 


To  work  out  the  details  of  the 
Observations  on  the  Migration 
of  Birds  at  Lighthouses  and 
Lightships,  1880-87. 

To  investigate  the  structure,  for- 
mation, and  growth  of  the  Coral 
Reefs  of  the  Indian  Region, 
with  special  observations  on  the 
inter-relationship  of  the  reef 
organisms,  the  depths  at  which 
they  grow,  the  food  of  corals, 
effects  of  currents  and  character 
of  the  ocean  bottom,  &c.  The 
land}  flora  and  fauna  will  be 
collected,  and  it  is  intended 
that  observations  shall  be  made 
on  the  manners,  &c.,  of  the 
natives  in  the  different  parts 
of  the  Maldive  group. 


I 


Chairman.— Dr.  H.  Woodward.       !  100    00 
Secretary. — Mr.  F.  A.  Bather. 
Dr.   P.  L.  Sclater,  Rev.  T.  R.  R. 

Stebbing,   Mr.   R.    McLachlan, 

and  Mr.  W.  E.  Hoylc. 

Chairman. — Professor  A.  Newton.        35     00 
Secretary. — Rev.  E.  P.  Knubley. 
Mr.  John  A.   Harvie- Brown,  Mr. 

R.  M.  Barrington,    Mr.   A.    II. 

Evans,  and  Dr.  H.  O.  Forbes. 

Chairman.— bit.  A.  Sedgwick.         j     50    00 
Secretary. —J.  Graham  Kerr. 
Professor  J.  W.  Judd,   Mr.  J.  J. 

Lister,  Mr.  Francis  Darwin.  Dr. 

S.    F.    Harmer,    Professors  A. 

Macalister,W.  A.Herdman,  and 

S.  J.  Hickson. 
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1.  Receiving  Grants  of  Money — continued. 


Subject  for  Investigation  or  Purpose 


Members  of  the  Committee 


Grant* 


To  enable  Mr.  James  Rankin  to  in-  |  Chairman. — Sir  John  Murray. 


vcstigate  Compound  Ascidians  ;  Secretary. — Dr.  J.  F.  Gemmill. 
of  the  Clyde  area,  and  to  en-  i  Professor  F.  0.  Bower,  Professor 
able  other  competent  natural- 
ists   to    perform    definite    re- 
searches in  the  Laboratory  of 
the  Marine     Biological    Asso- 
ciation of  the  West  of  Scotland 
at  Millport. 


£ 
25 


s.  d. 
0  0 


Cossar  Ewart,  Professor  W.  A. 
Herdman,  Professor  M.  Laurie, 
Mr.  Alex.  SomcrviUe,  and  Mr. 
J.  A.  Todd. 


Terrestrial     Surface-waves     and 
Wave- like  Surfaces. 


Chairman. — Dr.  Scott  Keltic. 
Secretary. — Colonel  F.  Bailey. 
Mr.  Vaughan  Cornish,  Mr.  A.  R. 
Hunt,  and  Mr.  W.  H.  Wheeler. 


15     0  0 


The  Economic  Effect  of  Legisla-  )  CJur'irman.—MT.  E.  W.  Brabrook.        HO    0  0 


tion  regulating  Women's  Labour. 


i<r,V// /•//.— Mr.  A.  L.  Bowley. 
Miss  A.M.  Anderson,  Mr.  C.  Booth, 
Mr.    S.    J.  Chapman,    Miss   C. 
E.  Collet,  Professor  E«lge worth. 
Professor  Flux,  Mrs.  J.  R.  Mac-  j 
i       Donald,  Mr.  L.  L.  Price,  Pro- 
fessor Smart,  and  Mrs.   H.   J. 
|       Tennant.  j 


To  consider  means  by  which  better 
practical  effect  can  be  given  to 
the  Introduction  of  the  Screw 
Gauge  proposed  by  the  Associa- 
tion in  1884. 


To  investigate  the  resistance  of 
Road  Vehicles  to  Traction. 


To  co-operate  with  the  Silchester 
Excavation  Fund  Committee  in 
their  explorations. 


Chairman. — Sir  W.  H.  Prcece. 

Secretary. — Mr.  W.  A.  Price. 

Lord  Kelvin,  Sir  F.  J.  Bramwell, 
Sir  II.  Trueman  Wood,  Maj.- 
Gen.  Webber,  Mr.  R.  E.  Cromp- 
ton,  Mr.  A.  Stroh,  Mr.  A.  Le 
Neve  Foster,  Mr.  C.  J.  Hewitt, 
Mr.  G.  K.  B.  Elphinstone,  Col. 
Watkin,  Mr.E.  Rigg,  Mr.  Vernon 
Boys,  Mr.  J.  Marshall  Gorham, 
Mr.  O.  P.  Clements,  Mr.  W. 
Taylor,  and  Dr.  R.  T.  Glaze- 
brook. 


Chair  man.—  Sir  Alexander  Binnie. 
Secretary. — Professor  H.  S.  Hole 

Shaw.' 
Mr.   Aitken,  Mr.   T.   C.   Aveling, 

Professor    T.    Hudson    Beare, 

Mr.  W.  W,  Beaumont,  Mr.   J. 

Brown,  Col.  R.  E.  Crompton,Mr. 

A.  Mallock,  Sir  D.  Salomans,  Mr. 

A.  Sennett,  Mr.  Shrapnell  Smith, 

and  Mr  J.  I.  Thornycroft. 

Chairman. — Mr.  A.  J.  Evans. 
Secretary. — Mr.  John  L.  Myres. 
Mr.  E.  W.  Brabrook. 


20     0  0 


50     0  0 


500 


JtJfiFUIlT 


1.  Receiving  Grants  of  Money — continued, 
Suty'ect  fot  Investigation  or  Purpose  Members  of  the  Committee 


To  organise  an  Ethnological  Sur- 
vey of  Canada. 


Grants 


s.  d. 
0  0 


/  To  conduct  Explorations  with  the 
i  object  of  ascertaining  the  age  of 
I  Stone  Circles. 


The  Collection,  Preservation,  and 
Systematic  Registration  of  Pho- 
tographs of  Anthropological 

|      Interest. 

I  [Balance  in  hand.] 


The  Present  State  of  Anthropo- 
logical Teaching  in  the  United 
Kingdom  and  Elsewhere. 


To      conduct     Explorations     at 
Knossos  in  Crete. 


To  conduct  Anthropometric  In- 
vestigations among  the  Native 
Troops  of  the  Egyptian  Army. 


To  co-operate  with  the  Cardiff 
Naturalists'  Society  in  its  Ex- 
cavations on  the  Roman  Site 
at  Gelligaer. 


30    0  0  i 


Chairman. — Professor   D.  P.  Pen- 
hallow. 

Secretary.— Mr.  C.  Hill-Tout. 

Mr.  E.  W.  Brabrook,  Professor 
A.  C.  Haddon,  Mr.  E.  S.  Hart- 
land,  Sir  J.  G.  Bourinot,  Mr.  1). 
Suite,  Mr.  David  Boyle,  Mr. 
C.  N.  Bell,  Professor  E.  B. 
Tylor,  Professor  J.  Mavor,  Mr. 
C.  F.  Hunter,  and  Dr.  W.  F. 
Ganong. 


Chairman. — Dr.  J.  G.  Garson. 

Secretary. — Mr.  H.  Balfonr. 

Sir  John  Evans,  Mr.  C.  H.  Read, 
Professor  Meldola,  Mr.  A.  J. 
Evans,  Dr.  R.  Munro,  Pro- 
fessor Boyd-Dawkins,  and  Mr. 
A.  L.  Lewis. 

Chairman. — Mr.  C.  H.  Read. 

Secretary. — Mr.  J.  L.  Myres. 

Dr.  J.  G.  Garson,  Mr.  H.  Ling  Roth, 
Mr.  H.  Balfour,  Mr.  K.  S.  Hart- 
land,  and  Professor  Flinders 
Petrie. 


i 

Chairman. — Professor  E.  B.Tylor.*| 

Secretary. — Mr.  H.  Ling  Roth.        i 

Professor  A.  Macalistcr,  Professor 

A.  C.  Haddon,  Mr.  C.  H.  Read,  , 

Mr.    H.    Balfour,    Mr.    F.    W.  , 

Rudler,  Dr.  R.  Munro,  and  Pro-  i 

fessor  Flinders  Petrie. 


Chairman, — Sir  John  Evans. 

Secretary. — Mr.  J.  L.  Myres. 

Mr.  A.  J.  Evans,  Mr.  D.  G.  Ho- 
garth, Professor  A.  Macalister, 
and  Professor  W.  Ridge  way. 


Chairman. — Professor    A.     Mac-  i     15    00 
alister.  i 

Secretary. — Mr.  C.  S.  Myers.  ! 

Sir    John   Evans   and    Professor 
D.  J.  Cunningham. 


0  0 


100     0  0 


Chairman. — Professor  J.  Rhys. 
Secretary.— -Mr.  J.  L.  Myrea. 
Mr.  A.  J.  Evans  and  Mr.  E.  W. 
Brabrook. 


500 


COMMITTEES  APPOINTED  BY  THE  GENERAL  COMMITTEE, 
1.  Receiving  Grant*  of  Money — continued. 


XCV 


Subject  for  Investigation  or  Purpose 


To  study  the  power  of  the  Mam- 
malian Heart  for  performing 
work  under  varying  external 
conditions  and  under  the  in- 
fluence of  Drugs. 

The  changes  occurring  in  Hemo- 
globin and  the  supposed  de- 
struction of  Red  Corpuscles  in 
the  Spleen. 

Investigation  of  the  Cyano- 
phyceiP. 


Investigation  on  the  Respiration 
of  Plants. 


To  o»  insider  and  report  upon  the 
influence  exercised  by  Univer- 
sities and  Examining  Bodies  on 
secondary  school  curricula,  and 
also  of  the  schools  on  university 
requirements. 


Members  of  the  Committee 


Grants 


The  conditions  of  Health  essen- 
tial to  the  currying  on  of  the 
work  of  instruction  in  schools. 


Chairman.  —  Professor    J.      G. 

McKendrick. 

S>.  f,  '»!/•.,.— Mr.  T.  Grigor  Brodie. 
Professor  W.  II.  Thompson. 


Chairman.  —  Professor     J.     G. 
i      McKendriok. 

ffrrrrlary.— Mr.  W.  Brodie  Brodie. 
Professor  Ralph  Stockman. 

j  Chairman.  —  Professor     J.     B. 
j       Farmer. 

j  Secretary. — "Dr.  F.  F.  Black  man. 
,  Professor  Marshall  Ward  and  Mr. 

1    W.  Gardiner. 

i 

!  Chairman.  —  Professor    Marshall 
!      Ward. 

i  farn-ttiry. — Mr.  II.  Wager. 
'  Mr.  Francis  Darwin  and  Professor 
J.  B.  Farmer. 

Chairman. —  Dr.  II.  E.Armstrong. 

A'erctarjf. —  Mr.  W.  H.  D.  Rouse. 

The  Bishop  of  Hereford,  Sir 
Michael  Foster,  Sir  P.  Magnus, 
Principal  Riicker,  Principal 
Lodge,  Mr.  H.  W.  Eve,  Mr. 
W.  A.  Hhcnstone,  Mr.  Eggar, 
Professor  Marshall  Ward,  Mr. 
F.  11.  Neville,  Mrs.\V.N.  Shaw, 
Professor  H.  L.  Withers,  ami 
Dr.  C.  W.  Kiinmins. 

Chairman,. — 

fcrrrtary.—Mr.  E.  White  Wall  is. 

Dr.  C.  W.  Kimmins,  Professor 
L.  C.  Miall,  Professor  H.  L. 
Wither}-,  and  Professor  Shcr- 
rington;  and  that  the  Council 
be  authorised  to  appoint  a 
Chairman. 


£ 
20 


Corresponding    Societies      Com-  I  Chairman. — Mr.  W.  Whitaker. 

raittee  for  the  preparation  of  i  Secretary. — Dr.  J.  G.  Garson. 

their  Report.  \  Mr.  Francis  (•  alt  on,  Professor  R. 

,  Mcldola,  Mr.  T.  V.  Holmes,  Sir 
i  John  Evans,  Mr.  J.  Hopkinson, 
i  Professor  T.  (J.  Boimey,  Mr. 
:  Horace  T.  Brown,  Rev.  J.  0. 
i  Bevan,  Professor  W.  W.  Watts, 
Rev.  T.  R.  R.  Stebbing,  Mr.  C. 
j  H.  Read,  and  Mr.  F.  W.  Rudler. 


s.  a. 
0  0 


0  0 


10    0  0  ! 


ir>   o  o 


I 


0  0 


2    0  0 


15     0  0 


XCVl 


KEPOBT — 1901. 
2.  Not  receiving  Grants  of  Money. 


Subject  for  Investigation  or  Purpose 

Radiation  from  a  Source  of  Light  in  a 
Magnetic  Field. 


To     establish    a    Meteorological    Ob- 
servatory on  Mount  Royal,  Montreal. 


Co-operating  with  the  Scottish  Meteoro- 
logical Society  in  making  Meteoro- 
logical Observations  on  Ben  Nevis. 


Comparing  and  Reducing  Magnetic  Ob- 
servations. 


Considering  the  best  Methods  of  Re- 
cording the  Direct  Intensity  of  Solar 
Radiation. 


That  Miss  Hardcastle  be  requested  to 
draw  up  a  Report  on  the  present 
state  of  the  Theory  of  Point-Groups. 

The  Nature  of  Alloys. 


The  Rate  of  Increase  of  Underground 
Temperature  downwards  in  various 
Localities  of  Dry  Land  and  under 
Water. 


Members  of  the  Committee. 

Chairman. — Professor  A.  Schuster. 
Secretary. — Mr.  W.  E.  Thrift. 
Professor  O.  J.  Lodge,  Professor  S.   P. 

Thompson,    Dr.    Gerald    Molloy,    Dr. 

W.  E.  Adeney,  and  Mr.  E.  P.  Calver- 

well. 

Chairman. —  Professor  H.  L.  Callendar. 
Secretary. — Professor  C.  H.  McLcod. 
Professor     F.    Adams   and   Mr.   R.    K 
Stupart. 

Chairman. — Lord  McLaren. 
Secretary. — Professor  Crum  Brown. 
Sir   John    Murray,  Dr.  A.  Buchan,  and 
Professor  R.  Copeland. 

Chairman. — Professor  W.  G.  Adams. 

S",  r,. -,/.•;.  —Dr.  C.  Chrec. 

Lord  Kelvin,   Professor   G.  H.  Darwin, 

Professor  G.   Chrystal,    Professor  A. 

Schuster,   Captain   E.  W.  Creak,  the 

Astronomer  Royal,  Mr.  William  Ellis, 

and  Professor  A.  W.  Riicker. 


Chairman. — Professor  J.  D.  Everett. 

Stcrt'tnry. — Professor  J.  D.  Everett. 

Lord  Kelvin,  Sir  Archibald  Geikie,  Mr. 
James  Glaisher,  Professor  Edward 
Hull,  Dr.  C.  Le  Neve  Foster,  Professor 
A.  S.  Ilerschel,  Professor  G.  A.  Lebour, 
Mr.  A.  B.  Wynne,  Mr.  W.  Galloway, 
Mr.  Joseph  Dickinson,  Mr.  G.  F. 
Deacon,  Mr.  E.  Wethered,  Mr.  A. 
Strahan,  Professor  Michie  Smith,  Pro 
fessor  H.  L.  Callendar,  and  Mr.  B.  11. 
Brough. 

Chairman. — Dr.  G.  Johnstone  Stoney. 

Si  «•/•/  '/;•>/  — Professor  H.  McLeod. 

Sir  G.  G*.  Stokes,  Professor  A.  Schuster, 
Sir  H.  E.  Roscoe,  Captain  Sir  W.  de 
W.  Abney,  Dr.  C.  Chree,  Professor 
H.  L.  Callendar,  Mr.  W.  E.  Wilson, 
and  Professor  A.  A.  Rambaut. 


CJiairman  and  Secretary.  —  Mr.  F.  H. 

Neville.  £H 
Mr.    C.    T.  Heycock^and    Mr.    E.  H. 

Griffiths. 


COMMITTEES  APPOINTED  BY  THE  GENERAL  COMMITTEE,     scvii 

2.  Not  receiving  Grant*  of  Money — continued. 


Subject  for  Investigation  or  Purpose 
Isomeric  Naphthalene  Derivatives. 


The  Study  of  Isomorphous  Sulphonic 
Derivatives  of  Benzene. 


I  Members  of  the  Committee 

J..  

I  CJuwrmati. — Professor  W.  A.  Tilden. 
•  Secretary.-—  Professor  H.  E.  Armstrong. 
1 

Chairman. — Professor  H.  A.  Miers. 

Secretary. — Professor  H.  E.  Armstrong. 
;  Dr.  W.  P.  Wynne  and  Mr.  W.  J.  Pope. 

To   collect    Statistics   concerning   the     Chairman. — Professor  W.  H.  Perkin. 
trained  chemists  employed  in  Eng-  '  Secretary. — Dr.  G.  G.  Henderson, 
lish  Chemical  Industries.  '  Professor  H.  E.  Armstrong  and  Mr.  G.  T. 

Beilby. 


To  approach  the  Inland  Revenue  Com- 
missioners to  urge  the  desirability 
of  securing  the  use  of  pure  alcohol 
duty  free  for  the  purposes  of  scien- 
tific research. 


To  investigate  the  Erratic  Blocks  of  the 
British  Isles,  and  to  take  measures 
for  their  preservation. 


i  To  report  upon  the  Present  Stale  of 
I  our  Knowledge  of  the  Structuie  of 
|  Crystals. 


Cliavrman. — Sir  H.  E.  Roscoe. 

Secretary. — Professor  H.  B.  Dixon.  j 

Sir  Michael  Foster,  Principal  Riicker,  ' 

Dr.  T.    E.   Thorpe,   Professor  W.  H.  \ 

Perkin,  and  Professor  W.   D.   Halli-  i 

burton.  i 

Chairman. — Mr.  J.  E.  Marr. 

Secretary. — Prof.  P.  F.  Kendall. 

Professor  T.  G.  Bonney,  Mr.  C.  E.  De 
Ranee,  Professor  W.  J.  Sollas,  Mr.  R.  H. 
TidfTcman,  Rev.  S.  N.  Harrison,  Mr. 
John  Home,  Mr.  F.  M.  Burton,  Mr. 
J.  Lomns,  Mr.  A.  R.  Dwcrryhouse, 
Mr.  J.  W.  Stathcr,  Mr.  R.  D.  Tucker, 
and  Mr.  F.  W.  Hiirnier. 

Chairman. — Professor  N.  Story  Mas»kc- 

lyne. 

Si'crrtari/.-  Professor  IT.  A.  Miens. 
-Mr.  L.  Fletcher,  Professor  W.  J.  Sollas, 

.Mr.  \V.  Barlow,  Mr.  G.  F.  II.  Smith, 

and  the  Karl  of  Berkeley. 

i  * 

!  The     Periodic    Investigation     of     tho  |   Chairman. — Professor  E.  Ray  Lankester. 
j       Plankton  und  Physical  Conditions  of  |  Secretary. — Mr.  Walter  Garstang. 

the  English  Channel.  \  Profe*%sor  W.  A.  llerdman  and  Mr.  H.  N. 

Dickson. 


i 


To  continue    the  investigation   of  the  • 
Zoology  of    the    Sandwich  Islands,  j 
with  power  to  co-operate  with    the  i 
Coirimittee  appointed  for  the  purpose 
by  the  Royal  Society,  and  to  avail 
themselves  of  such  assistance  in  their 
investigations  as  may  be  offered  by  i 
the   Hawaiian  Government    or    the 
Trustees  of  the  Museum  at  Honolulu.  ' 
The  Committee  to  have  power  to  dis- 
pose of  specimens  where  advisable.     . 

To  promote  the  Systematic  Collection  ' 
of  Photographic  and  other  Records 
of  Pedigree  Stock. 


Chairman. — Professor  A.  Newton. 

Secretary. — Dr.  David  Sharp. 

Dr.    W.   T.    Blanford,   Professor    S.    J. 

Hickson,  Dr.    P.   L.    Sclater,   Mr.    F. 

Du  Cane    God  man,  and   Mr.    Edgar 

A.  Smith. 


Chairman. — Mr.  Francis  Galton. 
Seeretart/.— Professor  W.  F.  R.  Weldon. 
Professor  J.  C.  Ewart,  Professor  J.  A. 
Thomson,  and  Professor  R,  Wallace. 


1901. 


•  REPORT — 1901. 
2.  Not  receiving  Grants  of  Money — continued. 


Subject  for  Investigation  or  Purpose. 

To  examine  the  Natural  History  and 
Ethnography  of  the  Malay  Peninsula. 


The  Lake  Village  at  Glastonbury. 


To  organise  a  Pigmentation  Survey  of 
the  school  children  of  Scotland. 


The  Physiological  Effects  of  Peptone 
and  its  Precursors  when  introduced 
into  the  circulation. 


The  Micro -chemistry  of  Cells. 


Fertilisation  in  Phseopbycea-. 


To  consider  and  report  upos?  a  scheme 
for  the  registration  of  negatives  of 
Botanical  Photographs. 


The    Teaching  of    Natural   Science  in 
Elementary  Schools. 


To  report  upon  improvements  that 
might  be  effected  in  the  teaching  of 
Mathematics,  in  the  first  instance  in 
the  teaching  of  Elementary  Mathe- 
matics, and  upon  such  means  as  they 
think  likely  to  effect  such  improve- 
ments. 


Members  of  the  Committee 

Clwirman. — Mr.  C.  H.  Read. 
Secretary. — Mr.  W.  Crooke. 
Professor   A.    Macalister,   Professor  W. 
Kidgoway,  and  Dr.  II.  0.  Forbes. 

Chairman. — Dr.  11.  Munro. 
Secretary. — Mr.  A.  Bulleid. 
Professor  W.  Boyd  Dawkins,  bir  John 

Evans,  Mr.  Arthur  J.  Evans,  and  Mr. 

C.  H.  Read. 

Chairman. — Mr.  E.  W.  Braybrook. 

Secretary. — Mr.  J.  Gray. 

Dr.  A.  C.  iladclon,  Professor  A.  Macalister, 

Professor  D.  J.  Cunningham,  Mr.  J.  F. 

Tocher,  and  Dr.  W.  H.  R.  Rivers. 

Chairman. — Professor  E.  A.  Schafer. 
Secretary. — Professor  W.  H.  Thompson. 
Professor  R.  Boyce  and  Professor  C.  S. 
Sherrington. 

Chairman  —Professor  E.  A.  Sctuifcr. 

Secretary  —Professor  A.  B.  Macallum. 

Professor  £.  Ray  Lankcstcr,  Professor 
W.  D.  Halliburton,  Mr.  G.  C.  Bourne, 
and  Professor  J.  J.  Mackenzie. 

Chairman. — Professor  J.  B.  Farmer. 

-rrhi /•//.— Professor  R.  W.  Phillips. 
Professor    F.    O.   Bower  ^and  Professor 

Harvey  Gibson. 

Chairman. — Professor  L.  C.  Miall. 
Secretary.-—  Professor  F.  E.  Weiss. 
Mr.  Francis  Darwin  and  Professor  G.  F. 
Scott  Elliot. 

Chairman.— Dr.  J.  H.  Gladstone. 

Secretary. — Professor  H.  E.  Armstrong. 

Lord  Avebury,  Mr.  George  Gladstone, 
Professor  W.  R.  Dunstan,  Sir  Philip 
Magnus,  Sir  H.  E.  Roscoe,  Dr.  Sil- 
vanus  P.  Thompson,  and  Professor  A. 
Smithells. 

Chairman.— •  Prof essor  A.  R.  Forsyth. 

ft'crc/ r try. — Professor  J.  Perry. 

Principal  A.  W.  Riicker,  Principal  0.  J. 
Lodge,  Major  P.  MacMahon,  Professor 
W.  H.  H.  Hudson,  Dr.  J.  Larmor,  Pro- 
fessor S.  P  Thompson,  Professors  G. 
Chrystal,  O.  Henrici,  A.  Lodge,  A.  G. 
Greenhill,  G.  M.  Minchln,  Mr.  W.  D. 
Eggar,  Mr.  H.  W.  Eve,  Dr.  Glad- 
stone, Professor  G.  Gibson,  Professor 
Robert  Russell,  and  Mr.  R.  A.  Gregory. 


COMMITTEES  APPOINTED  BY  TfitE  GENERAL  COMMITTEE. 

Resolution  relating  to  Committee  on  Traction  0}  Vehicles. 

That  in  accordance  with  the  Rules  of  the  Association  the  Committee  on  the 
Resistance  of  Uoad  Vehicles  to  Traction  be  authorised  to  obtain  further  subscriptions 
in  aid  of  its  work. 

Communications  ordered  to  be  2*rinted  in  extenso. 

The  Clearing  of  Turbid  Solutions,  by  Professor  Georg  Quincke. 

The  Polarisation  of  Electric  Waves,  by  Professor  Georg  Quinckc. 

Note  sur  I'nnitd  do  pression,  par  M.  C.  E.  Guillaume. 

Note  on  the  Variation  of  the  Specific  Heat  of  Water,  by  Professor  H.  L. 
Callendar,  F.R.S. 

On  the  Behaviour  of  young  Gulls  artificially  and  naturally  hatched,  by  Professor 
J.  Arthur  Thomson. 


0  REPORT  —  1901. 

S-fmtftetp  of  Grants  of  Money  appropriated  to  Scientific  Purposes  by  the 
General  Committee  at  the  Glasgow  Meeting,  September,  1901.  The 
Names  of  the  Members  entitled  to  call  on  the  General  Treasurer 
for  the  respective  Grants  are  prefixed. 

Mathematics  and  Physics. 

£  s.  d. 

*Rayleigh,  Lord  —  Electrical  Standards    ...........................  40  0  0 

*Judd,  Professor  J.  W.  —  Seismological  Observations  ............  35  0  0 

Shaw,  Mr.  W.  N.  —  Investigation  of  the  Upper  Atmosphere 

by  means  of  Kites    ................................................  75  0  0 

Preece,  Sir  W.  H.  —  Magnetic  Observations  at  Falmouth    ...  80  0  0 

Chemistry. 

^Hartley,  Professor  W.   N.—  Relation  between  Absorption 

Spectra  and  Constitution  of  Organic  Substances  ............     20     0     0 

*Roscoe,  Sir  H.  E.—  Wave-length  Tables     ......................        5     0     0 

Roberts-  Austen,    Sir   Win.    C.  —  Properties   of   Metals    and 

Alloys  affected  by  dissolved  C  ases    ...........................      4.0     0     0 

Geology. 

**G-eikie,  Professor  J.  —  Photographs  of  Geological  Interest   ...       f>     0     0 
*Marr,  Mr.  J.  E.  —  Life-zones  in  British  Carboniferous  Rocks     10     0     0 

*  Watts,  Professor  W.  W.  —Underground  Water  of  North- 

west Yorkshire  (  Balance  in  hand)  ............................          -  — 

*Scharff,  Dr.—  Exploration  of  Irish  Caves   ........................      45     0     0 

*  Woodward,  Dr.  IT.  —  Type  Specimens  (Balance  in  hand)  ...... 

Zoology. 

*Hei'dinan,  Professor  W.  A.  —  Table  at  the  Zoological  Station, 

Naples  .............................................................  100  0  0 

*0arstang,  Mr.  W.  —  Table  at  the  Biological  Laboratory, 
Plymouth  (Balance  L'8  5«.  Qd.  in  hand)  .................. 

31  Woodward,  Dr.  H.  —  Index  Generum  et  Specierum  Ani- 

maliuni  ...............................................................  100  0  0 

*  Newton,  Professor  A.  —  Migration  of  Birds    ....................      15     0     0 

*Sc<lg*  ick,  Mr.  A.  -  Structure  of  Coral  Reefs  of  Indian  Region     50     0     0 

Murray,  Sir  John  —  Compound  Ascidians  of  the  Clyde  Area     ~!5     0     0 


*Keltie,  Dr,  J.  Scott—  Terrestrial  Surface  Waves  ...............     15     0     0 

Economic  Science  and  Slalistics. 
^Brabrook,  E.  W.  —  Legislation  regulating  Women's  Labour     30     0     0 

Engineering. 

*Preece,  Sir  W.  H.—  Small  Screw  Gauge  ...........................     20     0     0 

*Binnie,  Sir  A.  —  Resistance  of  Road  Vehicles  to  Traction   ...     50     0    0 

Carried  forward    ..........................................  ^760    0    0 

*  Reappointed, 


SYNOPSIS   OF  GRANTS  OF  MONEV.  ci 

£      s.   d. 
Brought  forward 760     0     0 

A  nthropology . 

*Evans,  Mr.  A.  J. — Silchester  Excavation    5     0     0 

*Penhallow,  Professor  D.  P. — Ethnological  Survey  of  Canada     15     0     0 

*Garson,  Dr.  J.  G.— •  Age  of  Stone  Circles 30     0     0 

*Read,  Mr.  C.  H. — Photographs  of  Anthropological  Interest 

(Balance  in  hand)     — 

*Ty lor,  Professor  E.  B. — Anthropological  Teaching 300 

*Evans,  Sir  John — Exploration  in  Crete     100     0     0 

Macalister,  Professor  A. — Anthropometric  Investigations  on 

Native  Egyptian  Soldiers   15     0     0 

Rhys,  Professor  J. — Excavations    on   the   Roman    Site    at 

Gelligaer  ! 500 

Physiology. 

McKendrick,  Professor  J.  Gr. — Work  of  Mammalian  Heart 

under  influence  of  Drugs     15     0     0 

McKendrick,  Professor  J.  G. — Changes  in  Haemoglobin  20     0     0 

Botany. 

Farmer,  Professor  J.  B.— Investigations  of  the  Cyanophycere     100     0 
Marshall  Ward,  Professor — The  Respiration  of  Plants    15     0     0 

Educational  faience. 

Armstrong,  Dr.  II.  E. — Reciprocal  Influence  of  Universities 

and  Schools  5  0  0 

Sherrington,  Professor  C.  S.t — Conditions  of  Health  essen- 
tial to  carrying  on  work  in  Schools 200 

Corresponding  Societies. 
*W  hitaker,  Mr.  W.— Preparation  of  Report  15     0     0 

£1,015     0_6 
*  Rcappointcd.  f  Appointed  by  the  Council.' 


The  Annual  Meeting  in  1902. 

The  Annual   Meeting   of  the  Association  in    1902  will   be   held   at 
Belfast,  commencing  on  September  10. 

The  Annual  Meeting  in  1903. 

The  Annual  Meeting  of  the  Association  in    1903   will   be.   held   at 
Southport, 


cii 
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General  Statement  of  Sums  which  have  been  paid  on  account  of 
Grants  for  Scientific  Purposes 


1834. 


Tide  Discussions 


£    s.    tl. 
20    0    0 


1835. 

Tide  Discussions   62     0  0 

British  Fossil  Ichthyology  ...  105     0  0  , 

f'JUiT     0  0  ! 

183G.  | 

Tide  Discussions    103    0  0  | 

British  Fossil  Ichthyology  ...  105    0  0  j 
Thermometric    Observations,  | 

&c 50    0  0  ' 

Experiments    on     Long-con- 
tinued Heat    17     1  0  , 

Rain-gauges   9  13  0  j 

Infraction  Experiments  15    0  0 

Lunar  Nutation 60    0  0 

Thermometers    15_C  0 

ii35~o  o 


1837. 

Tide  Discussions    284     1  0 

Chemical  Constants  24  13  6 

Lunar  Nutation 70     0  0 

Observations  on  Waves    10012  0 

Tides  at  Bristol ,  150    0  0 

Meteorology    and     Subterra- 
nean Temperature 03     3  0 

Vitrification  Experiments    ...  150    0  0 

Heart  Experiments   846 

Barometric  Observations 30    0  0 

Barometers 11  18  6 


1838. 

Tide  Discussions    

British  Fossil  Fishes 

Meteorological  Observations 
and  Anemometer  (construc- 
tion)   

Cast  Iron  ( Strength  of)    

Animal  and  Vegetable  Sub- 
stances (Preservation  of) ... 

Railway  Constants    

Bristol  Tides 

Growth  of  Plants  

ftjiudin  Rivers    

Education  Committee  

Heart  Experiments   

Land  and  Sea  Level 

Steam-vessels 

Meteorological  Committee  ... 


29     0    0 
100    0    0 


100    0    0 
60    0    0 


1839. 

Fossil  Ichthyology    

MVh'urnhi'.jr  il  Observations 
at.  Plymouth,  &c 

Mechanism  of  Waves   

Bristol  Tides  

Mulivroliv.iy  and  Subterra- 
nean Temperature 

Vitrification  Experiments    ... 

Cus t- iron  Experiments 

Railway  Constants    

Land  and  Sea  Level 

Steam- vessels'  Engines     

Stars  in  Histoiro  Celeste 

Stars  in  Lacaillc    

Stars  in  R.A.S.  Catalogue    ... 

Animal  Secretions 

Steam  Engines  in  Cornwall... 

Atmospheric  Air    

Cast  and  Wrong  1 1 1  Iron    

Heat  on  Organic  Bodies  

Oases  on  Solar  Spectrum 

Hourly  Meteorological  Ob- 
servations, Inverness  and 
Ki  ugusbie  

Fossil  Reptiles   

Mining  Statistics  


£  s.  a. 

no  o  o 

68  10  0 

144     2  0 

35  18  6 

21  11  0 
940 

103     0  7 


28     7  0 

274     1  2 

100    0  4 

171  18  0 

11     0  6 

106  16  0 

10  10  6 

fiO     0  0 

16     1  0 

JO     0  0 

3     0  0 

22     0  0 


49     7     8 

118     2     9 

HO     0     0 


r,  a    o 


1840, 

Bristol  Tides  

Subterranean  Temperature  ... 

Heart  Experiments   

Lungs  Experiments  

Tide  Discussions    

Land  and  Sea  Level 

Stars  (Ilistoirc  Celeste)    

Stars  (Lacaillc) 

Stars  (Catalogue) 

Atmospheric  Air    

Water  on  Iron    

Heat  on  Organic  Bodies  

Meteorological  Observations . 

Foreign  Scientific  Memoirs... 

Worki n g  Population 

School  Statistics    

Forms  of  Vessels   

phcmical  and  Electrical  Phe- 
nomena   

Meteorological  Observations 
at  Plymouth  

Magnetical  Observations 


100    0  0 

13  13  6 

IS  19  0 

8  1:5  0 

50     0  0 

6  11  1 

242  10  0 

1  15  0 

26  i     0  0 

15  15  0 

10     0  0 

700 

52  17  6 

112     1  6 

100     0  0 

50     0  0 

184  7  0 

40     0  0 

80     0  0 

185  13  9 


£1546  16 


GENERAL  STATEMENT. 


CUl 


1841, 

£  s.  (I. 

Observations  on  Waves    30  0  0; 

Meteorology   and    Subterra-  I 

nean  Temperature 8  8  0 

Actinometers 10  0  0 

Earthquake  Shocks   17  7  0! 

Acrid  Poisons G  0  0 

Veins  and  Absorbents  3  0  0  , 

Mud  in  Rivers    5  0  0; 

Marine  Zoology 15  12  H 

Skeleton  Maps    20  0  0  j 

Mountain  Barometers  018  6 

Stars  (Ilistoire  Celeste)    18r>  0  0 

Stars  (Lacaille) 79  6  0 

Stars  (Nomenclature  of ) 17  10  6 

Stars  (Catalogue  of ) 40  0  0 

Water  on  Iron    50  0  0 

Meteorological    Observations 

at  Inverness   20  0  0 

Meteorological    Observations 

(reduction  of )    25  0  0 

Fossil  Reptiles  50  0  0 

Foreign  Memoirs  02  0  6 

Railway  Sections  38  1  0 

Forms  of  Vessels  193  12  0 

Meteorological    Observations 

at  Plymouth    55  0  0 

M::_-i  t-::-'.iH)bservations 61  18  8 

b'isnes  or  the  Old  Red  Sand- 
stone      100  0  0 

Tides  at  Leith    50  0  0 

Anemometer  at  Edinburgh ...  09  1  10 

Tabulating  Observations 9  6  3 

Races  of  Men 5  0  0 

Radiate  Animals   2  0  0 


::     £.    d. 

Force  of  Wind   10    p    0 

Light  on  Growth  of  Seeds   ...      800 

Vital  Statistics  50    f|    0 

Vegetative  Power  of  Seeds  ...      S     1  11 
Questions  on  Human  Race  ...      7    9    I) 


1842. 

Dynamomctric  Instruments ..  113  11  2 

Anoplura  Britannia}  52  12  0 

Tides  at  Bristol 59    8  0 

Gases  on  Light  30  14  7 

Chronometers 26  17  C 

Marine  Zoology 150 

British  Fossil  Mammalia 100    0  0 

Statistics  of  Education 20    0  0 

Marino    Steam-vessels'     En- 
gines         28     0  0 

Stars  (Histoiro  Celeste)   59    0  0 

Stars  (Brit.  Assoc.  Cat.  of)  ...  110    0  0 

Railway  Sections  161  10  0 

British  Belemnites    50    0  0 

Fossil    Reptiles  (publication 

of  Report)  210    0  0 

Forms  of  Vessels  180    0  0 

Galvanic     Experiments     on 

Rocks  586 

Meteorological     Experiments 

at  Plymouth  68     0  0 

Constant  Indicator  and  Dyna- 

mometric  Instruments ,    90    0  0 


£1419  17    8 


1843. 

Revision  of  the  Nomenclature 
of  Stars  200 

Reduction  of  Stars,  British 
Association  Catalogue £500 

Anomalous  Tides,  Firth  of 

Forth  120  0  0 

Hourly  Meteorological  Obser- 
vations at  Kingussie  and 
Inverness  -.  77  12  8 

^7  '••  1  .  '<..:"•  Observations 

at  I'lymoutii  65  0  0 

Who  well's  Meteorological  Ane- 
mometer at  Plymouth 10  0  0 

Meteorological  Observations, 
Osier's  Anemometer  at  Ply- 
mouth   20  0  0 

Reduction  of  Meteorological 

Observations 30  0  0 

Meteorological  Instruments 
and  Gratuities  39  6  0 

Construction  of  Anemometer 
at  Inverness  66  12  2 

Magnetic  Co-operation 10    8  10 

Meteorological  Recorder  for 

Kew  Observatory  50  0  0 

Action  of  Gases  on  Light 1816     1 

Establishment  at  Kew  Ob- 
servatory, Wages,  Repairs, 
Furniture,  and  Sundries  ...  133  4  7 

Experiments  by  Captive  Bal- 
loons    81  8  0 

Oxidation  of  the  Rails  of 

Railways 20  0  0 

Publication  of  Report  on 

Fossil  Reptiles  40  0  0 

Coloured  Drawings  of  Rail- 
way Sections 147  18  3 

Registration  of  Earthquake 
Shocks ,  30  0  0 

Report  on  Zoological  Nomen- 
clature   10  0  0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 440 

Vegetative  Power  of  Seeds  ...       5    3    8 

Marine  Testacea  (Habits  of)  .     10    0    0 

Marine  Zoology 10    0    0 

Marine  Zoology 2  14  Jl 

Preparation  of  Report  on  Bri- 
tish Fossil  Mammalia  100  0  0 

P1  •'  '  '  ••"  Operations  of 

v,  .  •  •«  Agents 20  0  0 

Vita}  Statistics 36    5    8 


CIV 
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£    s.    d. 

Additional    Experiments    on 

the  Forms  of  Vessels    70    0    0 

Additional    Experiments    on 

the  Forms  of  Vessels     100    0    0 

Reduction  of  Experiments  on 

the  Forms  of  Vessels    100    0     0 

Morin's  Instrument  and  Con- 
stant Indicator  69  14  10 

Experiments  on  the  Strength 

of  Materials    60    0     0 

£1565  10     2 


1844. 
Meteorological    Observations 

at  Kingussie  and  Inverness     12    0 
Completing  Observations   at 

Plymouth    .....................     35    0 

Magnetic  and  Meteorological 

Co-operation  ..................     25     8 

Publication    of    the    British 

Association    Catalogue    of 

Stars    ...........................     35     0 

Observations  on  Tides  on  the 

East  Coast  of  Scotland    ...  100     0 
Revision  of  the  Nomenclature 

of  Stars   ..................  1842      2    9 

Maintaining    the    Establish-  i 

tnent     at     Kew     Observa-  : 

tory  ..............................  117  17     3  \ 

Instruments  for  Kew  Obser-  ; 

vatory  .,.,  .......................     56     7     3 

Influence  of  Light  on  Plant  s       100 
Subterraneous     Temperature 

in  Ireland   .....................       5     0 

Coloured  Drawings  of  Rail- 

way  Sections  ..................     15  17 

Investigation  of  Fossil  Fishes 

of  the  Lower  Tertiary  81  rat  a  100    0 
Registering    the    Shocks    of 

Earthquakes  ............  1842     23  11 

Structure  of  Fossil  Shells    ...     20    0 
Radiata  and  Mollusca  of  the 

uEgean  and  Red  Seas  1842  100    0 
Geographical  Distributions  of 

Marine  Zoology  .........  1842      0  10 

Marine  Zoology  of  Devon  and 

Cornwall  ........................     10    0 

Marine  Zoology  of  Corf  u  ......     10    0 

Experiments  on  the  Vitality 

of  Seeds  ........................      900 

Experiments  on  the  Vitality 

of  Seeds  ..................  1842       87 

Exotic  Anoplura    ...............     13     0 

Strength  of  Material  s  .........  1  00    0 

Completing  Experiments  on 

the  Forms  of  Ships  .........  100    0 

Inquiries  into  Asphyxia  ......     10    0 

Investigations  on  the  Internal 

Constitution  of  Metals  ......     50    0 

Constant  Indicator  and  Mo- 

rin's Instrument    ......  1842     10    0 


0 

i 
0 

, 
6 

0 

10 
0 

0 
0 

0 
0 


£981  12     8 


1845. 

£     s.   d. 

Publication  of  the  British  As- 
sociation Catalogue  of  Stars  351   14     C 

Meteorological    Observations 
at  Inverness    3018  11 

Magnetic  and  Meteorological 

Co-operation  16  16     8 

Meteorological     Instruments 
at  Edinburgh 18  11     9 

Reduction  of  Anemometrical 

Observations  at  Plymouth     25     0     0 

Electrical     Experiments     at 

Kew  Observatory 4317     8 

M:iintiiinin<r    the    Establish- 
ment at  Kew  Observatory  140  15     0 

For  Kreil's  "  •  !      25     0     0 

Gases  from  Iron  furnaces...     50    0    0 

The  Actinograph    15     0     0 

Microscopic      Structure      of 

Shells  20     0     0 

Exotic  Anoplura    1843     10     0    0 

Vitality  of  Seeds   1843       207 

Vitality  of  Seeds   1844       700 

Marine  Zoology  of  Cornwall  .     10     0     0 

Physiological  Action  of  Medi- 
cines         20     0     0 

Statistics    of     Sickness    and 

Mortality  in  York 20    0    0 

Earthquake  Shocks   1813     15  14     8 

£'831     »     9 


1846. 

British  Association  Catalogue 

of  Stars   1844211   15  0 

Fossil  Fishes  of  the  London 

Clay 100     0  0 

Computation  of  the  Gaussian 

Constants  for  1829    50     0  0 

Maintaining    the    Establish- 
ment at  Kew  Observatory  j  46  1 6  7 

Strength  of  Materials  60     0  0 

Researches  in  Asphyxia  6  1C  2 

Examination  of  Fossil  Shells  10     0  0 

Vitality  of  Seeds  1844  2  15  10 

Vitality  of  Seeds  1845  7  12  3 

Marine  Zoology  of  Cornwall  10    0  0 

Marine  Zoology  of  Britain  ...  10    0  0 

Exotic  Anoplura    1844  25     0  0 

Expenses  attending  Anemo- 
meters   11     7  6 

Anemometers'  Repairs 2     3  6 

Atmospheric  Waves 3     3  3 

Captive  Balloons  1844  8  19  8 

Varieties  of  the  Human  Race 

1844  763 
Statistics    of     Sickness    and 

Mortality  in  York 12     0     0 


£685  16     0 


GENERAL  STATEMENT. 


CV 


1847. 

£ 
Computation  of  the  Gaussian 

Constants  for  1829 50 

Habits  of  Marine  Animals  ...    10 
Physiological  Action  of  Medi- 
cines         20 

Marine  Zoology  of  Cornwall      10 

A  tmospheri  c  Waves '. . . .      f  J 

Vitality  of  Seeds  4 

Maintaining   the  Establish- 
ment at  Kew  Observatory  _1 07 

~ 


1848. 

Maintaining   the   Establish- 
ment at  Kew  Observatory  171  15 

Atmospheric  Waves 1}  10 

Vitality  of  Seeds  9  15 

Completion  of  Catalogue  of 

Stars    70    0 

On  Colouring  Matters  5    0 

On  Growth  o£  Plants    15<) 


it. 

d. 

0 
0 

0 
0 

0 
0 

9 

7 

0 
0 
3 

7 

8 

6 

5 

"4  , 

1849. 
Electrical    Observations    at 

Kew  Observatory  ............     r>0    0    0 

Maintain!  111:   the    Establish- 

ment at  ditto  ..................     70    2     5 

Vitality  of  Seeds   ...............       5     8     1 

On  Growth  of  Plants    .........      5    0    0 

Registration    of     Periodical 

Phenomena  .....................     10    0    0 

Bill  on  Account  of   Anemo- 

mctrical  Observations  ......     13    9_  0 

""9""  6 


1850. 
Maintaining   the    Establish- 

ment at  Kew  Observatory    255  18 
Transit  of  Earthquake  Waves    50    0 
Periodical  Phenomena  .........     15    0 

Meteorological    Instruments, 

Azores  ...........................    25    0 

£345  18 


1851. 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(includes  part  of  grant  in 

1849)    309 

Theory  of  Heat 20 

Periodical  Phenomena  of  Ani- 
mals and  Plants 5 

Vitality  of  Seeds  5 

Influence  of  Solar  Radiation      30 

Ethnological  Inquiries 12 

Researches  on  Annelida  10 


1852. 

£     9.  d. 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of  grant 
for  1850) 233  17  8 

Experiments  on  the  Conduc- 
tion of  Heat  529 

Influence  of  Solar  Radiations    20    0    0 

Geological  Map  of  Ireland  ...     15    00 

Researches  on  the  British  An- 
nelida   10  0  0 

Vitality  of  Seeds  10    6    2 

Strength  of  Boiler  Plates 10    0    0 

£304  ~  6~7 

I  1853. 

j  Maintaining   the    Establish- 
ment at  Kew  Observatory     165    0    0 
Experiments  on  the  Influence 

of  Solar  Radiation    15    0    0 

Researches    on   the    British 

Annelida 10    0    0 

Dredging  on  the  East  Coast 

of  Scotland 10    0    0 

Ethnological  Queries    5    0    0 

£205~0~0 


o 
1 

2 

1 

0 
6 
0 
0 
0 

0 
4 
0 
0 
0 

"9""" 

7 

1854. 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of 
former  gr:int) 330  15  4 

T-    ^  •"  ..'•  ••••••  T\.\    1100 

!.».•••'  I-  ••  ;•,.•»••  on 
Wrought  Iron 10  0  0 

Registration  of  Periodical 
Phenomena 10  0  0 

British  Annelida  10    0    0 

Vitality  of  Seeds  523 

Conduction  of  Heat 4    2    0 


1855. 

Maintaining   the    Establish- 
ment at  Kew  Observatory  425  0  0 

Earthquake  Movements   10  0  0 

j  Physical  Aspect  of  the  Moon  11  8  6 

!  Vitality  of  Seeds  10  7  11 

Map  of  the  World 15  0  0 

Ethnological  Queries   6  0  0 


Dredging  near  Belfast. 


_  4_  0  _0 
£480  16    4 


1856, 

Maintaining  the  Establish- 
ment at  Kew  Observa- 
tory: — 

1854 £  75    0    01    e-e 

1865 €600    0    0  f  675 


oyi 


190i. 


£    s.  d. 
Strickland's      Ornithological 

Synonyms    100    0    0 

Dredging      and      Dredging 

Forms p  |3     0 

Chemical  Action  of  Light   ...     20    0    0 

Strength  of  Iron  Plates   10    0    0 

Registration     of    Periodical 

Phenomena 10    0    0 

Propagation  of  Salmon 10    0     0 

~  ' 


1857. 
Maintaining   the    ^Establish- 

ment at  Kew  Observatory    350    0    0 
Earthquake     Wave    Experi- 

ments ...........................     40    0     0 

Dredging  near  Belfast  .........     10    0    0 

Dredging  on  the  West  Coast 

of  Scotland  .....................     10    0     0 

Investigations  into  the  Mol- 

lusca  of  California    .........     10    0     0 

Experiments  on  Flax   .........       5     0 

Natural    History    of     Mada- 

gascar ...........................     20 

Researches  on  British  Anne- 

lida ..............................     25 

Report  on  Natural  Products 

imported  into  Liverpool  ...     10 
Artificial  Propagation  of  Sal- 

mon ..............................     10    0 

Temperature  of  Mines  .........       78 

Thermometers  for   Subterra- 

nean Observations  ....  ........       5     7 

Life-boats  ........................       50 


0    0 

0     0 
0    0 

0     0 

80 


1859. 
Maintaining    the    Establish- 

ment  at  Kew  Observatory     500    0 
Dredging  near  Dublin 15    0 


1858. 

Maintaining  the  Establish- 
ment at  Kew  Observatory  500  0  0 

Earthquake  Wave  Experi- 
ments   25  0  0 

Dredging  on  the  West  Coast 

of  Scotland 10     0     0 

Dredging  near  Dublin 5     o    o 

Vitality  of  Seed    550 

Dredging  near  Belfast 1813     2 

Report  on  the  British  Anne- 
lida    25  0  0 

Experiments  on  the  produc- 
tion of  Heat  by  Motion  in 
Fluids 20  0  0 

Report  on  the  Natural  Pro- 
ducts imported  into  Scot- 
land   10  0  0 

£6 18"!  8"  "2 


£    s.  d, 

Osteology  of  Birds    50    0    0 

Irish  Tunicata    500 

Manure  TCxporimtMil  i    20    0    0 

British  M<diM(iiv &    0    0 

Dredging  Committee    5    0    0 

Steam -vessels 'Performance...       500 
Marine  Fauna  of  South  and 

West  of  Ireland 10    0    0 

Photographic  Chemistry 10    0    0 

Lanarkshire  Fossils 20    0     1 

Balloon  Ascents [1$  II 0 

£684Tf~l 


1860. 
Maintaining;    the    Establish- 

ment at  Kew  Observatory    500 
Dredging  near  Belfast  .........     10 

Dredging  in  Dublin  Bay  ......     15 

Inquiry  into  the  Performance 

of  Steam-vessels    ..........  _  ]24 

Explorations  in   the  Yellow 

Sandstone  of  Dura  Den    ..      20 
Chemico-mechanical  Analysis 

of  Bocks  and  Minerals  ......     25 

Researches  on  the  Growth  of 

Plants  ...........................     10 

Researches  on  the  Solubility 

of  Salts  ........................     30 

Researches  on  the  Constituent  s 

of  Manures     ..................     25 

Balance   of  Captive   Balloon 

Accounts  ........................       1  13     6 


0     0 


0     0 
0     0 


0     0 


0     0 
0     0 


1861. 

Maintaining    the    Establish- 
ment at  Kew  Observatory. .  500  0  0 

Earthquake  Experiments 25  0  0 

Dredging    North    and    East 

Coasts  of  Scotland    2I»  0  0 

Dredging  Committee  : — 

I860 £50     001 

1861 £22     0     0  /  1Jl  °  ° 

Excavations  at  Dura  Den 20  0  0 

Solubility  of  Salts     20  0  0 

Steam- vessel  Performance    ...  150  0  0 

Fossils  of  Lesmahagow  ]5  0  0 

Explorations  at  Uriconium ...  20  0  0 

Chemical  Alloys    20  0  0 

Classified  Index  to  the  Trans- 
actions   100  0  0 

Dredging  in  the  Mersey  and 

Dee  500 

Dip  Circle  30  0  0 

Photoheliographic     Observa- 
tions      50  0  0 

Prison  Diet 20  0  0 

Ci:ii;s»i:./,.f  Water 10  0  0 

A!pih<    W.  n-  6  5  10 

Conslituents  of  Manures 2 8  0  0 

£1111  5  10 


GENERAL 


C7U 


J8G2. 

£    s.  d. 

Maintaining   the    Establish- 
ment at  Kew  Observatory    500    0  0 

Patent  Laws  21    (J  0 

Molluscaof  N.-W.  of  America    ]()    0  0 
Natural  History  by  Mercantile 

Marine     500 

Tidal  Observations   25    0  0 

Photoheliometer  at  Kew 40    0  0 

Photographic  Pictures  of  the 

Sun  150    0  0 

Bocks  of  P  ••     -1 25     0  0 

Dredging  JJuriiam  ana  .North- 
umberland Coasts 25    0  0 

Connection  of  Storms  20    0  0 

Dredging   North-east    Coast 

of  Scotland    GOG- 

Ravages  of  Terodo   \\  11  0 

Standards  of  Electrical  lie-  : 

sistance   50    0  0  j 

Railway  Accidents    10    0  0 

Balloon  Committee  200    0  0  ! 

Dredging  Dublin  Bay 10    0  0  ' 

Dredging  the  Mersey   5    0  0  , 

Prison  Diet     20    0  0 

Gauging  of  Water 12  10  0  i 

Steamships' Performance 150    0  0 

Thermo-electric  Currents    ...       5    0  0  i 

£l2i)ii  10  0  I 


1803. 

Maintaining    the    Establish- 
ment at  Kew  Observatory...  GOO  0  0 
Balloon  Commit  tee  deficiency  70  0  0 
Balloon    Ascents   (other  ex- 
penses)      2,">  0  0 

Eiitozna  25  0  0 

Coal  Fossils    20  0  0 

Herrings 20  0  0 

Granites  of  Donegal 500 

Prison  Diol     20  0  0 

Vertical  Atmospheric  Move- 
ments    13  0  0 

Dredging  Shetland   50  0  0 

Dredging  North-casl  Coast  of 

Scotland 25  0  0 

Dredging      N  ort  humberland 

and  Durham  17  3  10 

Dredging  Committee  superin- 
tendence       10  0  0 

Steamship  Performance  100  0  0 

Balloon  Committee  200  0  0 

Carbon  under  pressure 10  0  0 

Volcanic  Temperature 100  0  0 

Bromide  of  Ammonium  8  0  0 

Electrical  Standards 100  0  0 

Electrical  Construction    and 

Distribution  40  0  0 

Luminous  Meteors    17  00 

KeW  Additional  Buildings  for 

Photoheliograph    100  0    p 


£    s.  d. 

Thermo-electricity    15    0    0 

Analysis  of  Rocks     800 

Hydroida 10    0    0 

£1608    3  10 


1804. 

Ma!rf,rr.:i  .:    the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Coal  Fossils    20  0  0 

Vertical  Atmospheric  Move- 
ments    20  0  0 

Dredging,  Shetland 75  0  0 

Dredging,  Northumberland...  25  0  0 

Balloon  Committee  200  0  0 

Carbon  under  pressure     10  0  0 

Standards    of    Electric    Re- 
sistance     100  0  0 

Analysis  of  Rocks     10  0  0 

Hydroida     10  0  0 

Askham's  Gift    60  0  0 

Nitrite  of  Amylc  10  0  0 

Nomenclature  Committee   ...  500 

Rain-gauges  IS)  15  8 

Cast-iron  Investigation    20  0  0 

Tidal    Observations     in    the 

Humber  50  0  0 

Spectral  Rays 45  0  0 

Luminous  Meteors    20  0  0 


£1289  15     8 


1805. 


Maintaining   the    Establish- 
ment at  Kew  Observatory..  COO  0  0 

Balloon  Committee  100  0  0 

Hydroida..., 13  0  0 

Rain-gauges   ,'50  0  0 

Tidal     Observations    in    the 

Humbcr  080 

Hexylic  Compounds 20  0  0 

Amyl  Compounds 20  0  0 

Irish  Flora 25  0  0 

American  Mollusca   3  i)  0 

Organic  Acids    20  0  0 

Lingula  Flags  Excavation  ...     10  0  0 

Euvypterus 50  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding    25  0  0 

Gibraltar  Caves  Researches...  150  0  0 

Kent's  Hole  Excavations 100  0  0 

Moon's  Surface  Observations      35  0  0 

Marine  Fauna    25  0  0 

Dredging  Aberdeensh ire 25  0  0 

Dredging  Channul  Islands  ...     60  0  0 

Zoological  Nomenclature 500 

Resistance  of  Floating  Bodies 

in  Water '..  100  0  0 

Bath  Waters  Analysis  8  10  1Q 

Luminous  Meteors    40  0  0 


£1591    7  10 


CV1U 


REPOKT — 1901. 


1866. 

£  s,  d. 

Maintaining    the    Establish- 
ment at  Kew  Observatory. .  600  •  0  0 

Lunar  Committee 64  13  4 

Balloon  Committee  50  0  0 

Metrical  Committee 50  0  0 

British  Rainfall 50  0  0 

Kilkenny  Coal  Fields  >16  0  0 

Alum  Bay  Fossil  Leaf -bed  ...  35  0  0 

Luminous  Meteors    50  0  0 

Lingula  Flags  Excavation  ...  20  0  0 
Chemical     Constitution      of 

Cast  Iron    50  0  0 

Amyl  Compounds 25  0  0 

Electrical  Standards 1 00  0  0 

Malta  Caves  Exploration 30  0  0 

Kent's  Hole  Exploration 200  0  0 

Marine    Fauna,    &c.,    Devon 

and  Cornwall 25  0  0 

Dredging Aberdeenshire  Coast    25  0  0 

Dredging  Hebrides  Coast    ...  50  0  0 

Dredging  the  Mersey  5  0  0 

"Resistance  of  Floating  Bodies 

in  Water 50  0  0 

Polycyanidesof  Organic  Radi- 
cals    20  0  0 

Rigor  Mortis 10  0  0 

Irish  Annelida    15  0  0 

Catalogue  of  Crania 50  0  0 

Didine   Birds  of    Mascarene 

Islands    50  0  0 

Typical  Crania  Researches  ...  30  0  0 

Palestine  Exploration  Fund.. .J 00  0  0 

£f750  13"  4 


1867. 

Maintaining    the    Establish- 
ment at  Kew  Observatory..  GOO  0  0 
Meteorological    Instruments, 

Palestine 50  0  0 

Lunar  Committee 320  0  0 

Metrical  Committee 30  0  0 

Kent's  Hole  Explorations    ...  100  0  0 

Palestine  Explorations 50  0  0 

Insect  Fauna,  Palestine    30  0  0 

British  Rainfall 50  0  0 

Kilkenny  Coal  Fields  25  0  0 

Alum  Bay  Fossil  Leaf -bed  ...     25  0  0 

Luminous  Meteors    50  0  0 

Bournemouth,  «fcc.,  Leaf-beds     30  0  0 

Dredging  Shetland   75  0  0 

Steamship  Reports  Condensa- 
tion    300  0  0 

Electrical  Standards 300  0  0 

Ethyl  and  Methyl  Series 25  0  0 

Fossil  Crustacea   25  0  0 

Sound  under  Water  24  4  0 

North  Greenland  Fauna 75  0  0 

Do.                 Plant  Beds    100  0  0 

Iron  and  Steel  Manufacture...     25  0  0 

patent  Laws    30  0  0 

£1739  4  ~0 


1868. 

Maintaining  the  Establish- 
ment at  Kew  Observatory, . 

Lunar  Committee  ....: 

Metrical  Committee 

Zoological  Record 

Kent's  Hole  Explorations    , . . 

Steamship  Performances  .     .. 

British  Rainfall 

Luminous  Meteors 

Organic  Acids    

Fossil  Crustacea 

Methyl  Series 

Mercury  and  Bile  

Organic  Remains  in  Lime- 
stone Rocks 

Scottish  Earthquakes  

Fauna,  Devon  and  Cornwall.. 

Britisli  Fossil  Corals     

Bag  shot  Leaf -beds    ,..,,. 

Greenland  Explorations   

Fossil  Flora    

Tidal  Observations    

Underground  Temperature .., 

Spectroscopic  Investigations 
of  Animal  Substances  

Secondary  Reptiles,  &c 

British  Marine  Invertebrate 
Fauna  


£    s.  d. 


COO 
320 
50 
100 
150 
100 
50 
50 
60 
25 
25 
25 

25 
'20 
30 
50 
50 

100 
25 

100 
50 

5 
30 

100 
£1040 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


3869. 

Maintaining    the     Establish- 
ment at  Kew  Observatory. .  600  0  0 

Lunar  Committee 50  0  0 

Metrical  Committee  25  0  0 

Zoological  Record 100  0  0 

Committee  ou  Gases  in  Deep- 
well  Water 25  0  0 

British  Rainfall 50  0  0 

Thermal  Conductivity  of  Iron, 

&c t 30  0  0 

Kent's  Hole  Explorations 150  0  0 

Steamship  Performances  30  0  0 

Chemical      Constitution      of 

Cast  Iron 80  0  0 

Iron  and  Steel  Manufacture     100  0  0 

Methyl  Series 30  0  0 

Organic    Remains   in    Lime- 

stoncRocks 10  0  0 

Earthquakes  in  Scotland 10  0  0 

British  Fossil  Corals    50  0  0 

Bagshot  Leaf -beds    30  0  0 

Fossil  Flora    25  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature...     30  0  0 
Spectroscopic    Investigations 

of  Animal  Substances  5  0  0 

Organic  Acids    ..ki 12  0  0 

Riltorcan  Fossils    ,.,,..,, 20  0  Q 


GENERAL  STATEMENT. 


C1X 


Chemical  Constitution  and 
Physiological  Action  Rela- 
tions   

Mountain  Limestone  Fossils 


£    9.  d. 


£     8.    d. 


Utilisation  of  Sewage 10    0    0 

Products  of  Digestion 10    0    0 

£1622  "  0  "  0 


I  Fossil   Coral    Sections,    for 

I      Photographing  20  0  0 

15    0    0     Bagshot  Leaf  -beds    20  0  0 

25    0    0     Moab  Explorations   100  0  0 

Gaussian  Constants 40  0  0 


£1472    2    6 


1870. 

Maintaining-   the    Establish- 
ment at  Kew  Observatory    COO  0  0 

Metrical  Committee 2."»  0  0  , 

Zoological  Record 100  0  0 

Committee  on  Marine  Fauna     20  0  0 

Ears  in  Fishes   10  0  0  I 

Chemical    Nature    of    Cast  < 

Iron 80  0  0 

Luminous  Meteors    ., 30  0  0 

Heat  in  the  Blood 15  0  0 

British  Rainfall 100  0  0 

Thermal     Conductivity      of 

Iron,  £c 20  0  0 

British  Fossil  Corals 60  0  0- 

Kent's  Hole  Explorations    ...  150  0  0 

Scottish  Earthquakes  400 

Bagshot  Leaf-beds    15  0  0 

Fossil  Flora    25  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature ...     50  0  0 

Kiltorcan  Quarries  Fossils  ...     20  0  0 

Mountain  Limestone  Fossils      25  0  0 

Utilisation  of  Sewage fiO  0  0 

Organic  Chemical  Compounds    30  0  0 

Onny  River  Sediment  300 

Mechanical     Equivalent    of 

Heat 50  0  0 

£1572  0  0 


1872. 

Maintaining   the    Establish- 
ment at  Kew  Observatory    300  0  0 

Metrical  Committee 75  0  0 

Zoological  Record 100  0  0 

Tidal  Committee  200  0  0 

Carboniferous  Corals   25  0  0 

Organic  Chemical  Compounds    25  0  0 

Exploration  of  Moab 100  0  0 

Terato-embryological    Inqui- 
ries      10  0  0 

Kent's  Cavern  Exploration..    100  0  0 

Luminous  Meteors    130  0  0 

Heat  in  the  Blood 15  0  0 

Fossil  Crustacea   25  0  0 

Fossil  Elephants  of  Malta  ...     25  0  0 

Lunar  Objects    20  0  0 

Inverse  Wave-lengths 20  0  0 

British  Rainfall 100  0  0 

Poisonous   Substances  Anta- 

•'•• .    .     10  0  0 

stitution,  &c 40  0  0 

M  ithematical  Tables   50  0  0 

T  aerraal  Conductivity  of  Me- 

1  tals  25  0  0 

£1285  0  0 


1871. 

Maintaining   the    Establish-  j 

ment  at  Kew  Observatory    (JOO  0  0  j 
Monthly  Reports  of  Progress 

in  Chemistry 100  0  0  ; 

Metrical  Committee 25  0  0  i 

Zoological  Record 100  0  0 

Thermal  Equivalents  of  the  ' 

Oxides  of  Chlorine   10  0  0 

Tidal  Observations  100  0  0 

Fossil  Flora   25  0  0 

Luminous  Meteors    30  0  0 

British  Fossil  Corals    2,>  0  0 

Hea,t  in  the  Blood , 726 

British  Rainfall 60  0  0 

Kent's  Hole  Explorations  ...  150  0  0 

Fossil  Crustacea    25  0  0 

Methyl  Compounds  25  0  0 

Lunar  Object*  20  0  0 


1873. 

Zoological  Record 100  0  0 

Chemistry  Record 200  0  0 

Tidal  Committee  400  0  0 

Sewage  Committee  100  0  0 

Kent's  Cavern  Exploration...  150  0  0 

Carbonii'erous  Corals    25  0  0 

Fossil  Elephants   25  0  0 

V.V    .'.-  ..•:  ,     150  0  0 

]•       -:    I,1.,  •  •:,    100  0  0 

Essential  Oils 30  0  0 

Mathematical  Tables   100  0  0 

Gaussian  Constants  10  0  0 

Sub-Wealden  Explorations...  25  0  0 

F-  -Vr 1  Temperature...  150  0  0 

i   Exploration  50  0  0 

Fossil  Flora,  Ireland 20  0  0 

Timber  Denudation  and  Rain- 
fall    20  0  0 

Luminous  Meteors 30  0  0 


£1685    0   0 


BEPORT— 1901. 


1874. 

Zoological  Record 

Chemistry  Record 

Mathematical  Tables  

Elliptic  Functions 

Lightning  Conductors 

Thermal     Conductivity     of 
Bocks  

Anthropological  Instructions 

Kent's  Cavern  Exploration... 

Luminous  Meteors    

Intestinal  Secretions    

British  Bainfall 

Essential  Oils 

Sub-Wealden  Explorations . . . 

Settle  Cave  Exploration 

Mauritius  Mrifi'inlui ;»    

Mu^nctisiiii-n  \>\  ln;i   

Marine  '»:     •  '••••  • 

Fossils,  \  "     ".• 
land 

Physiological  Action  of  Light 

Trades  Unions   

Mountain  Limestone-coral* 

Erratic  Blocks  

Dredging,  Durham  and  York- 
shire Coasls    

High  Temperature  of  Bodies 

Siemens's  Pyrometer    

Labyrinthodonts     of     Coal- 
measures 


£ 

*. 

a. 

100 

0 

0  i 

100 

0 

o  ! 

100 

0 

0 

100 

0 

0 

10 

0 

0 

10 

0 

0 

50 

0 

0 

150 

0 

0 

30 

0 

0 

15 

0 

0 

100 

0 

0 

10 

0 

0 

25 

0 

0 

50 

0 

0 

100 

0 

0 

20 

0 

0 

;$o 

0 

0 

2 

10 

0 

20 

0 

0 

25 

0 

0 

25 

0 

0 

10 

0 

0  , 

28 

5 

<>  ! 

30 

0 

0 

3 

G 

0 

7J5    0  | 
1G~  0  ! 


1875. 
Elliptic  Functions    ............ 

Magnetisation  of  Iron  ......... 

British  Rainfall  ................. 

Luminous  Meteors    ............ 

Chemistry  Record  .............. 

Specific  Volume  of  Liquids... 
Estimation   of    Potash    and 

Phosphoric  Acid  ............... 

Isometric  Crcsols  ............... 

Sub-Wealden  Exploral  ions  ... 
Kent's  Cavern  Exploration... 
Settle  Cave  Exploration  ...... 

Earthquakes  in  Scotland  ...... 

Underground  Waters   ......... 

Development    of    Myxiiioid 

Fishes  ........................... 

Zoological  Record  ............... 

Instructions  for  Travellers  ... 
Intestinal  Secretions    ......... 

Palestine  Exploration  ......... 


100  0  0 

20  0  0 

120  0  0 

CO  0  0 

loo  0  0 

23  0  0 


10  0  0 

20  0  0 

1  00  0  0 

100  0  0 

r>()  0  0 

15  0  0 

10  0  0 


20  0  0 

100  0  0 

20  0  0 

20  0  0 

100  0  0 


1876. 

Printing  Mathematical  Tables  150    4  2 

British  Rainfall  ..................  100    0  0 

Ohm's  Law  ........................      9  15  0 

Tide*  Calculating  Machine  .!.  200    0  0 

'Specific  Volume  of  Liquids...    23    0  0 


£  a.  d. 

Isomeric  Cresols  lO  0  0 

Action  of  Ethyl  Bromobuty- 

rate   on  Ethyl    Sodaceto- 

acetate 500 

Estimation  of  Potash  and 

Phosphoric  Acid 13  0  0 

Exploration  of  Victoria  Cave  100  0  0 

Geological  Record 100  0  0 

Kent's  Cavern  Exploration...  100  0  0 
Thermal  Conductivities  of 

Rocks  10  0  0 

r-  '  '  Waters  10  0  0 

JW i  nquaKes  in  Scotland 1  10  0 

Zoological  Record 100  0  0 

Close  Time 500 

Physiological  Action  of 

Sound 25  0  0 

Naples  Zoological  Station  ...  75  0  0 

Intestinal  Secretions  1500 

Physical  Characters  of  Inha- 
bitants of  British  Isles 13  15  0 

Measuring  Speed  of  Ships  ...  10  0  0 
Effect  of  Propeller  on  turning 

of  Steam- vessels   5    o  o 


1877. 
Liquid    Carbonic    Acid     in 

Minerals 20    0     0 

Elliptic  Functions    260     0     0 

Thermal      Cond  net  ivit  y     of 

Rocks  Oil     7 

Z,-!1     I.-M  II- dud 100    0    0 

K,"  '  -  i 100    0    0 

Zoological  Stalion  at  Naples    75    0    0 

Luminous  MclootA    30    0    0 

Elasticity  of  Wires  100    0    0 

DiptirocHrpcw,  Report  on   ...     20    0    0 
Mechanical     Equivalent,    of 

Ucat 35    0    0 

Double  Compounds  of  Cobalt 

and  Nickel 800 

F-  '  :•!  TI--          ire...     50    0     0 

•   .  -  !.*•     •  .      •   100    0    0 

Under,  r  -IIP*!  Waters  in  New 

lied  handstone  10    0    0 

Action  of  Ethyl  liromobuty- 

rate  on    Eth\l    bodaceto- 

acetate    10    0    0 

British  Earthworks  25    0    0 

Atmospheric    Electricity    iu 

India   15    0    0 

Development  of  Light  from 

Coal-gas 20    0    0 

Estimation   of   Potash    and 

Phosphoric  Acid 1  18    0 

Geological  Record 100    0    0 

Anthropometric  Committee       34    0    0 
Physiological  Action  of  Phos- 
phoric Acid,  &c 15    0L   0 


GENERAL  STATEMENT. 


cxi 


1878. 

£    s.  d. 

Exploration  of  Settle  Caves     100    0    0 

Geological  Record 100    0    0 

Investigation  of  Pulse  Pheno- 
mena by  means  of  Siphon 
Recorder 10  0  0 

7.    *  .  '--si1  ^n^on  at  Naples      75    0    0 

I-  •.!••••  .„•    :  •••/Underground 

Waters 15    0    0 

Transmission  of  Electrical 
Impulses  through  Nerve 
Structure 30  0  0 

Calculation  of  Factor  Table 

for  4th  Million 100    0    0 

Anthroporaetric  Committee...    G6    0    0 

Composition  and  Structure  of 
less -known  Alkaloids  25  0  0 

Exploration  of  Kent's  Cavern    50    0    0 

Zoological  Record 100    0    0 

Fermanagh  Caves  Explora- 
tion   15  0  0 

Thermal  Conductivity  of 
Rocks  4  16  6 

Luminous  Meteors JO    0    0 

Ancient  Earthworks 25    0    0 

£725  1C    6 


1871). 

Table      at     the      Zoological 

Station,  Naples 75    0    0 

Miocene  Flora  of  the  Itasalt 

of  the  North  of!  Ireland    ...     20    0    0 

Illustrations  for  a  Monograph 

on  the  Mammoth  17    0    0 

Record  of  Zoological  Litera- 
ture    100  0  0 

Composition  and  Structure  of 

less-known  Alkaloids    25    0    0 

Exploration  of  Caves  in 
Borneo  50  0  0 

Kent's  Cavern  Exploration...  100    0    0 

Record  of  the  Progress  of 
Geology  100  0  0 

Fermanagh  Caves  Exploration      500 

Electrolysis  of  Metallic  Solu- 
tions and  Solutions  of 
Compound  Salts 25  0  0 

A nthropometrio  Committee...     50    0    0 

Natural  History  of  Socotra...  100    0    0 

Calculation  of  Factor  Tables 
for  5th  and  6th  Millions  ...  150  0  0 

Underground  Waters 10    0    0 

Steering  of  Screw  Steamers...     10    0    U 

Improvements  in  Astrono- 
mical Clocks  30  0  0 

Marine     Zoology    of    South 

Devon' 20    0    0 

Determination  of  Mechanical 

- -Equivalent  of  Ueat  1215    6 


£    s.  d. 

Specific  Inductive  Capacity 
of  Sprengel  Vacuum 40  0  0 

Tables  of  Sun-heat  Co- 
efficients   30  6  0 

Datum  Level  of  the  Ordnance 

Survey 10  0  0 

Tables  of  Fundamental  In- 
variants of  Algebraic  Forms  36  14  I) 

Atmospheric  Electricity  Ob- 

vservations  in  Madeira  16  0  0 

Instrument  for  Detecting 

Fire-damp  in  Mines 22  0  0 

Instruments  for  Measuring 

the  Speed  of  Ships  17  1  8 

Tidal  Observations  in  the 

English  Channel  10  0  0 

£1080  11  Jl 


1880. 

New  Form  of  High  Insulation 

Key 10    0    0 

Underground  Temperature ...     10    0    0 
Determination    of    the    Me- 
chanical     Equivalent      of 

Heat    8    5    0 

Elasticity  of  Wires  50    0    0 

Luminous  Meteors    30    0     0 

Lunar  Disturbance  o£  Gravity    30    0    0 

Fundamentcil  Invariant  s 8     5    0 

Laws  of  Water  Friction 20    0    0 

Specific    Inductive  Capacity 

of  Sprengel  Vacuum 20    0    0 

Completion  of  Tables  of  Sun- 

hcat  Coefficients    50    0    0 

Instrument  for  Detection  of 

Fire-damp  in  Mines 10    0    0 

Inductive  Capacity  of  Crystals 

and  I'arattines    4  17    7 

Report      on      Carboniferous 

Polyzoa   1()    0    0 

Caves  of  South  Ireland    10    0    0 

Viviparous  Nature  of  Ichthyo- 
saurus       10    0    0 

Kent's  Cavern  Exploration...     50    0     0 

r.o,V!>:ii  Record 100    0    0 

Miocene  Flora  of  the  Basalt/ 

of  North  Ireland   15 

Underground  Waters  of  Per- 
mian Formations  5 

Record  of  Zoological  Litera- 
ture   ,.  100 

Table  at  Zoological  Station 

at  Naples    75 

Investigation  of  the  Geology 

and  Zoology  of  Mexico 50    0    0 

Anthropometry 50    0    0 


0  0 

0  0 

0  0 

0  0 


Patent  Laws 


£  . 


£731    7    7 


REPOKT — 1901 » 


1881. 

Lunar  Disturbance  of  Gravity 
Underground  Temperature... 
Electrical  Standards  ............ 

High  Insulation  Key  ............ 

Tidal  Observations    ............ 

Specific  Refractions  ............ 

Fossil  Polyzoa    .................. 

Underground  Waters    ......... 

Earthquakes  in  Japan  ......... 

Tertiary  Flora    .................. 

Scottish  Zoological  Station  ... 
Naples  Zoological  Station  ... 
Natural  History  of  Socotra  ... 
Anthropological  Notes  and 

Queries    ........................ 

Zoological  Record  ............... 

Weights  and  Heights  of 

Human  Beings  ............... 


£  s.  d. 

30  0  0 

20  0  0 

25  0  0 

5  0  0 

10  0  0 

731 

10  0  0 

10  0  0 

25  0  0 

20  0  0 

50  0  0 

75  0  0 

50  0  0 

900 

100  0  0 


30    0    0 


1882. 

Exploration  of  Central  Africa  100    0    0 
Fundamental    In  variants    of 

Algebraical  Forms    76     111 

Standards      for      Klectrical 

Measurements   100    0    0 

Calibration  of  Mercurial  Ther- 
mometers         20    0    0 

Wave-length  Tables  of  Spec- 
tra of  Elements 50    0    0 

Photographing      Ultra-violet 

Spark  Spectra    25    0    0 

Geological  Record 100    0     0 

Earthquake     Phenomena    of 

Japan 25    0    0 

Conversion    of    Sedimentary 
Materials  into  Metamorphic 

Rocks  10    0    0  ! 

Fossil  Plants  of  Halifax 15     0     0| 

Geological  Map  of  Europe  ...  25  0  0  j 
Circulation  of  Underground  | 

Waters 15    0    0  I 

Tertiary   Flora  of  North  of  j 

Ireland    20    0    0  ' 

British  Polyzoa 10    0    0 

Exploration  of  Caves  of  South 

of  Ireland    10    0    0  j 

Explorationof  Huyiriliri.v»i:iv  20  0  0  ' 
Naples  Zoological  Station  ...  80  0  0  | 
Albuminoid  Substances  of 

•  Serum 10    0    0 

Elimination  of  Nitrogen  by 

Bodily  Exercise 50    0    0 

Migration  of  Birds   15    0    0 

Natural  History  of  Socotra...  100    0    0 
Natural  History  of  Timor-laut  100    0    0 
Record  of  Zoological  Litera- 
ture  „ 100    0    0 

Anthropometric  Committee...    60    0    0  ; 


1883. 

£    s.  d. 

Meteorological    Observations 
on  Ben  Nevis 50    0    0 

Isomeric  Naphthalene   Deri- 
vatives      15    0    0 

Earthquake    Phenomena    of 
Japan  50    0    0 

Fossil  Plants  of  Halifax 20    0    0 

British  Fossil  Polyzoa 10    0    0 

Fossil  Phyllopoda  of  Palseo- 
zoic  Rocks  25    0    0 

Erosion  of  Sea-coast  of  Eng- 
land and  Wales 10    0    0 

Circulation  of    Underground 
Waters 15    0    0 

Geological  Record 50    0    0 

Exploration  of  Caves  in  South 
of  Ireland  10    0    0 

Zoological  Literature  Record  100    0    0 

Migration  of  Birds   20    0    0 

Zoological  Station  at  Naples    80    0    0 

Scottish  XoolonU'jil  Nation...     25     0    0 

Elimination  oJ1   Mno^eii  by 
Bodily  Exercise .". 38    3    3 

Exploration  of  Mount  Kili- 
ma-njaro 500    0    0 

Investigation    of     Loughton 

Camp  10    0    0 

Natural  History  of  Timor-laut    50    0    0 

Screw  Gauges 5    0    0 

" 


£1126    1  11 


1831. 
Meteorological    Observations 

on  U«n  Nevis  50     ()  0 

Collecting  and   Investigating 

Meteoric  Dust 20     0  0 

A-r  !•  ••••]•>  !•:,- Observatory  at 

Uiicpsiow 2,">     0  o 

Tidal  Observations ]()    o  o 

Ultra  Violet  Spark  Spectra  ...  8     4  0 
Earthquake     Phenomena     of 

Japan   75  0  0 

Fossil  Plants  of  Halifax  15  0  0 

Fossil  Polyzoa ]<)  0  0 

Erratic  Blocks  of  England  ...  10  0  0 
Fossil  Phvllopoda  of   Paleo- 
zoic Rocks   15  0  0 

Circulation    of    Underground 

Waters 5  0  0 

International  Geological  Map  20  0  0 
Bibliography    of    Groups    of 

invertebrata   60  0  0 

Natural  History  of  Timor-laut  50  0  0 
Naples  Zoological  Station    ...  80  0  0 
Exploration   of  Mount  Kili- 
manjaro, East  Africa  500  0  0 

Migration  of  Birds 20  0  0 

Coagulation  of  Blood 100  0  0 

Zoological  Literature  Record  100  0  0 

Aathropometric  Committee...  10  0  0 


GENERAL  STATEMENT. 


CX111 


1885. 

£     s.  d. 
Synoptic    Chart    of    Indian 

Ocean  50    0    0 

Reduction  of  Tidal  Observa- 
tions      10    0    0 

Calculating  Tables  in  Theory 

of  Numbers 100    0    0 

Meteorological     Observations 

on  Ben  Nevis HO    0    0 

Meteoric  Dust    70    0    0 

Vapour  Pressures,  &c.,  of  Salt 

Solutions 25    0    0 

Physical  Constants  of  Solu- 
tions      20    0    0 

Volcanic  Phenomena  of  Vesu- 
vius       25    0     0 

Raygill  Fissure  15    0    0 

Earthquake     Phenomena     of 

Japan  70    0    0 

Fossil  Phyllopoda  of  Palaeozoic 

Rocks  25     0     0 

Fossil  Plants  of  British  Ter- 
tiary and  Secondary  Beds...     50     0     0 

Geological  Record 50    0     0 

Circulation    of    Underground 

Waters 10    0     0 

Naples  Zoological  Station    ...  100    0    0 

Zoological  Literature  Record.  100    0     0 

Migration  of  Birds    30    0    0 

Exploration  of  Mount  Kilima- 
njaro          25     0     0 

Recent  Polyzoa  10    O    0 

Granton  Biological  Station  ...  100    0    0 

IV.olnirirril  Stations  on  Coasts 

of  I'M i!«-d  Kingdom  150     0     0 

Exploration  of  New  Guinea...  200     0     0 

Exploration  of  Mount  Roraima  100    0    0 

£1385  ~b"  0 


1886. 

Electrical  Standards 40  0  0 

Solar  Radiation 9  10  6 

Tidal  Observations    50  0  0 

Magnetic  Observations 1010  0 

Observations  on  Ben  Nevis  ...  100  0  0 
Physical  and  Chemical  Bear- 

i  ngs  of  Electrolysis   20  0  0 

Chemical  Nomenclature   5  0  0 

Fossil  Plants  of  British  Ter- 
tiary and  Secondary  Beds...  20  0  0 

Oaves  in  North  Wales  25  0  0 

Volcanic  Phenomena  of  Vesu- 
vius    30  0  0 

Geological  Record 100  0  0 

Palaeozoic  Phyllopoda  15  0  0 

Zoological  Literature  Record .  100  0  0 

Gran  ton  Biological  Station.,.  75  0  0 

Naples  Zoological  Station 50  0  0 

Researches  in  Food- Fishes  and 

Invertebrata  at  St.  Andrews  75  0  0 
1901. 


Migration  of  Birds  30    0 

Secretion  of  Urine 10    0 

Exploration  of  New  Guinea...  150    0 
Regulation  of  Wages   under 

Sliding  Scales    10 

Prehistoric    Race    in    Greek 

Islands 20 

North-Western  Tribes  of  Ca- 
nada   50 


0     0 
0    0 


0    0 


1887. 

Solar  Radiation 1810     0 

Electrolysis 30    0     0 

Ben  Nevis  Observatory..., 75    0    0 

Standards  of  Light  (1886 

grant) 20  0  0 

Standards  of  Light  (1887 

grant) 10  0  0 

Harmonic  Analysis  of  Tidal 

Observations  15     0    0 

Magnetic  Observations 26    2     0 

Electrical  Standards 50    0    0 

Silent  Discharge  of  Electricity    20    0    0 

Absorption  Spectra    40     0     0 

Nature  of  Solution    20    0    0 

Influence  of  Silicon  on  Steel     30    0    0 
Volcanic  Phenomena  of  Vesu- 
vius       20    0     0 

Volcanic  Phenomena  of  Japan 

(1886  grant)  50     0     0 

Volcanic  Phenomena  of  Japan 

(1887grant)   50     0     0 

Cae  Gwyn  Cave,  N.  Wales  ...     20     0    0 

Erratic  Blocks    10    0     0 

Fossil  Phyllopoda 20    0    0 

Coal  Plants  of  Halifax 25     0     0 

Microscopic  Structure  of  the 

Rocks  of  Anglesey 10    0     0 

Exploration  of    the    Eocene 

Beds  of  the  Isle  of  Wight...     20    0    0 

Underground  Waters    6     0    0 

*  Manure  '  Gravels  of  Wexford  10  0  0 
Provincial  Museums  Reports  500 

Lymphatic  System    25    0    0 

Naples  Biological  Station  ...  100  0  0 
Plymouth  Biological  Station  50  0  0 
Granton  Biological  Station ...  75  0  0 

Zoological  Record 100    0    0 

Flora  of  China  75     0     0 

Flora    and    Fauna     of    the 

Cameroons 

Migration  of  Birds    

Bathy-hypsographical  Map  of 

British  Isles   

Regulation  of  Wages    

Prehistoric    Race    of    Greek 

Islands 

Racial  Photographs,  Egyptian 


75     0     0 
30    0    0 

760 
10    0    0 

20    0    0 
20    0    0 


£1186  18     0 
T 
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1888. 

£ 

s. 

d. 

Ben  Nevis  Observatory  

150 

0 

0 

Electrical  Standards  

2 

6 

4 

Magnetic  Observations  

15 

0 

0 

Standards  of  Light   

79 

2 

3 

Electrolysis    

30 

0 

0 

Uniform     Nomenclature     in 

Mechanics  

10 

0 

0 

Silent    Discharge    of    Elec- 

tricity   

9 

11 

10 

Properties  of  Solutions     

25 

0 

0 

Influence  of  Silicon  on  Steel 

20 

0 

0 

Methods  of  Teaching  Chemis- 

try     

10 

0 

0 

Isomeric  Naphthalene  Deriva- 

tives   

25 

0 

0 

Action  of  Light  on  Hydracids 

20 

0 

0 

Sea  Beach  near  Bridlington... 

20 

0 

0 

Geological  Record  

50 

0 

0 

Manure  Gravels  of  Wexford... 

10 

0 

0 

Erosion  of  Sea  Coasts  

10 

0 

0 

Underground  Waters    

5 

0 

0 

Palaeontographical  Society  ... 

50 

0 

0 

Pliocene  Fauna  of  St.  Erth... 

50 

0 

0 

Carboniferous  Flora  of  Lan- 

cashire and  West  Yorkshire 

25 

0 

0 

Volcanic  Phenomena  of  Vesu- 

vius   

20 

0 

0 

Zoology  and  Botany  of  West 

Indies  

100 

0 

0 

Flora  of  Bahamas  

100 

0 

0 

Development  of  Fishes  —  St. 

Andrews  

50 

0 

0 

Marine  Laboratory,  Plymouth 

100 

0 

0 

Migration  of  Birds    

30 

0 

0 

Flora  of  China   

75 

0 

0 

Naples  Zoological  Station    ... 

100 

0 

0 

Lymphatic  System    

25 

0 

0 

Biological  Station  at  Granton 

50 

0 

0 

Peradeniya  Botanical  Station 

50 

0 

0 

Development  of  Teleostei    .  .  . 

15 

0 

0 

Depth  of  Frozen  Soil  in  Polar 

Regions  

5 

0 

0 

Precious  Metals  in  Circulation 

20 

0 

0 

Value  of  Monetary  Standard 

10 

0 

0 

Effect  of  Occupations  on  Phy- 

sical Development  

25 

0 

0 

North-Western       Tribes      of 

Canada    

100 

0 

0 

Prehistoric     Race    in    Greek 

Islands  

20 

0 

0 

£1511 

0 

5 

1889. 

Ben  Nevis  Observatory  

50 

0 

0 

Electrical  Standards  

75 

0 

0 

Electrolvsis  

20 

0 

0 

Surface  Water  Temperature.  .  . 

30 

0 

0 

Silent  Discharge  of  Electricity 

on  Oxygen  

6 

4 

8 

£  6.  d. 

Methods  of  teaching  Chemis- 
try         10  0  0 

Action  of  Light  on  Hydracids     10  0  0 

Geological  Record 80  0  0 

Volcanic  Phenomena  of  Japan    2500 
Volcanic  Phenomena  of  Vesu- 
vius       20  0  0 

Palaeozoic  Phyllopoda  20  0  0 

Higher  Eocene  Beds  of  Isle  of 

Wight 15  0  0 

West  Indian  Explorations    ...  100  0  0 

Flora  of  China  25  0  0 

Naples  Zoological  Station    ...  100  0  0 
Physiology      of      Lymphatic 

System    25  0  0 

Experiments  with  a  Tow-net      5  16  3 
Natural  History  of  Friendly 

Islands 100  0  0 

Geology  and    Geography    of 

Atlas  Range 100  0  0 

Action  of  Waves  and  Currents 

in  Estuaries    100  0  0 

North- Western      Tribes      of 

Canada    150  0  0 

Nomad  Tribes  of  Asia  Minor     80  0  0 

Corresponding  Societies  20  0  0 

Marine  Biological  Association  200  0  0 

*  Baths  Committee,' Bath 100  0  0 

£1417  0  11 


1890. 

Electrical  Standards 12  17    0 

Electrolysis    500 

Electro-optics 50    0    0 

Mathematical  Tables    25    0    0 

Volcanic    and    Seismological 

Phenomena  of  Japan    75    0    0 

Pellian  Equation  Tables  15    0    0 

Properties  of  Solutions    10    0    0 

International  Standard  for  the 

Analysis  of  Iron  and  Steel  10    0    0 
Influence  of  the  Silent  Dis- 
charge   of    Electricity  on 

Oxygen   500 

Methods  of  teachingChemistry  10    0    0 
Recording  Results  of  Water 

Analysis  410 

Oxidation    of    Hydracids    in 

Sunlight 15    0    0 

Volcanic  Phenomena  of  Vesu- 
vius   20    0    0 

Palaeozoic  Phyllopoda  10    0    0 

Circulation  of    Underground 

Waters 500 

Excavations  at  Oldbury  Hill  15    0    0 

Cretaceous  Polyzoa  10    0    0 

Geological  Photographs  7  14  11 

Lias  Beds  of  Northampton  ...  25    0    0 
Botanical  Station  at  Perade- 

niya 25    0    0 


GENERAL   STATEMENT. 


£  9.  d. 

Experiments  with  a  Tow- 
net  4  3  9 

Naples  Zoological  Station    ...  100  0  0 

Zoology  and  Botany  of  the 

West  India  Islands  100  0  0 

Marine  Biological  Association    30  0  0 

Action  of  Waves  and  Currents 

in  Estuaries  150  0  0 

Graphic  Methods  in  Mechani- 
cal Science 11  0  0 

Anthropometric  Calculations      500 

Nomad  Tribes  of  Asia  Minor    25  0  0 

Corresponding  Societies  20  0  0 

£799 "  16~~ 8 


1891. 

Ben  Nevis  Observatory 50  0  0 

Electrical  Standards 100  0  0  , 

Electrolysis 500] 

Seismological  Phenomena   of  I 

Japan  10  0  0  f 

Temperatures  of  Lakes 20  0  0  \ 

Photographs  of  Meteorological 

Phenomena 500 

Discharge  of  Electricity  from 

Points 10  0  0 

Ultra  Violet  Rays    of   Solar 

Spectrum     50  0  0  , 

International     Standard     for 

Analysis  of  Iron  and  Steel...  10  0  0 

Isomeric  Naphthalene  Deriva- 
tives   25  0  0 

Formation  of  Haloids   25  0  0 

Action  of  Light  on  Dyes 17  10  0  i 

Geological  Record 100  0  0 

Volcanic  Phenomena  of  Vesu- 
vius    10  0  0 

Fossil  Phyllopoda 10  0  0 

Photographs     of;    Geological 

Interest   950 

Lias  of  Northamptonshire    ...  25  0  0 

Registration    of    Type-Speci- 
mens of  British  Fossils 550 

Investigation  of  ElboltonCave  25  0  0 

Botanical    Station    at    Pera- 

deniya 50  0  0 

Experiments  with  a  Tow-net  40  0  0 

Marine  Biological  Association  12  10  0 

Disappearance      of      Native 

Plants 500 

Action  of  Waves  and  Currents 

in  Estuaries    125  0  0 

Anthropometric  Calculations  10  00 

New  Edition  of  « Anthropo- 
logical Notes  and  Queries '  50  0  0 

North  -  Western    Tribes    of 

Canada    200  0  0 

Corresponding  Societies  25  0  0 

£1,029  10~~0 


1892. 

£  s.  i/. 

Observations  on  Ben  Nevis  ...  50    0  0 
Photographs  of  Meteorological 

Phenomena 15  0  0 

Pellian  Equation  Tables 10  0  0 

Discharge  of  Electricity  from 

Points 50  0  0 

Seismological  Phenomena  of 

Japan  10  0  0 

Formation  of  Haloids  12  0  0 

Properties  of  Solutions    10  0  0 

Action    of    Light    on    Dyed 

Colours    10  0  0 

Erratic  Blocks    15  0  0 

Photographs     of     Geological 

Interest   20  0  0 

Underground  Waters    10  0  0 

Investigation      of      Elbolton 

Cave 25  0  0 

Excavations  at  Oldbury  Hill  10  0  0 

Cretaceous  Poly zoa   10  0  0 

Naples  Zoological  Station    ...  100  0  0 

Marine  Biological  Association  17  10  0 

Deep-sea  Tow-net 40  0  0 

Fauna  of  Sandwich  Islands...  100  0  0 
Zoology  and  Botany  of  West 

India  Islands 100  0  0 

Climatology  and  Hydrography 

of  Tropical  Africa 50  0  0 

Anthropometric  Laboratory...  500 
Anthropological    Notes    and 

Queries    20  0  0 

Prehistoric  Remains  in   Ma- 

shonaland   50  0  0 

North  -  Western     Tribes     of 

Canada    100  0  0 

Corresponding  Societies  25  0  0 

£864  10  0 


1893. 

Electrical  Standards 25  0  0 

Observations  on  Ben  Nevis  ...  150  0  0 

Mathematical  Tables   15  0  0 

Intensity  of  Solar  Radiation  286 
Magnetic  Work  at  the  Fal- 

mouth  Observatory   25  0  0 

Isomeric  Naphthalene    Deri- 
vatives      20  0  0 

Erratic  Blocks   10  0  0 

Fossil  Phyllopoda 500 

Underground  Waters    5  0  0 

Shell-bearing      Deposits     at 

Clava,  Chapelhall,  &c 20  0  0 

Eurypterids  of  the  Pentlantl 

Hills 10  0  0 

Naples  Zoological  Station    ...100  0  0 

Marine  Biological  Association  30  0  0 

Fauna  of   Sandwich  Islands  100  0  0 
Zoology  and  Botany  of  West 

Indialslands 50  0  0 


CXVl 
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£    s.  d. 

Exploration  of  Irish  Sea 30    0    0 

Physiological  Action  of 

Oxygen  in  Asphyxia 20  0  0 

Index  of  Genera  and  Species 

of  Animals 20  0  0 

Exploration  of  Karakoram 

Mountains 50  0  0 

Scottish  Place-names    7    0    0 

Climatology  and  Hydro- 
graphy of  Tropical  Africa  50  0  0 

Economic  Training   3     " 

Anthropometric     Laboratory  5 

Exploration  in  Abyssinia 25    0    0 

North-Western  Tribes  of 

Canada  100 


1895. 


7     0 
0     0 


Corresponding  Societies 


0    0 
30    0    0 


£907  J5    6 


1891. 

Electrical  Standards 25    0    0 

Photographs  of  Meteorological 

Phenomena 10    0    0 

Tables  of  Mathematical  Func- 
tions         15    0    0 

Intensity  of  Solar  Radiation      556 

Wave-length  Tables 10    0    0 

Action  of  Light  upon  Dyed 

Colours    500 

Erratic  Blocks    15     0    0 

Fossil  Phyllopoda 500 

Shell -bearing     Deposits    at 

Clava,  &c 20    0    0 

Eurypterids  of  the  Pentland 

Hills 500 

New  Sections  of   Stonestield 

Slate    14    0    0 

Observations    on    Earth-tre- 
mors         50    0    0 

Exploration    of     Calf  -  Hole 

Cave 5    0    0 

Naples  Zoological  Station   ...  100    0    0 

Marine  Biological  Association      500 

Zoology     of    the     Sandwich 
Islands    100    0    0 

Zoology  of  the  Irish  Sea 40    0    0 

Structure  and  Function  of  the 

Mammalian  Heart 10    0    0 

Exploration  in  Abyssinia    ...     30    0    0 

Economic  Training  9  10    0 

Anthropometric     Laboratory 

Statistics 500 

Ethnographical  Survey    10    0    0 

The  Lake  Village  at  Glaston- 
bury 40    0    0 

Anthropometrical     Measure- 
ments in  Schools 500 

Mental  and  Physical  Condi- 
tion of  Children 20    0    0 

Corresponding  Societies  25     0    0 

£588~Y6™6 


£    s.  d. 
Electrical  Standards 25    0    0 

Photographs  of  Meteorological 
Phenomena 10  0  0 

Earth  Tremors   75    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Reduction  of  Magnetic  Obser- 
vations made  at  Falmouth 
Observatory  50  0  0 

Comparison  of  Magnetic  Stan- 
dards    25  0  0 

Meteorological     Observations 

on  Ben  Nevis 50    0    0 

Wave-length   Tables    of    the 

Spectra  of  the  Elements  ...     10    0    0 

Action  of   Light  upon   Dyed 

Colours    4     (>     1 

Formation  of   Haloids  from 

Pure  Materials   20    0    0 

Isomeric  Naphthalene  Deri- 
vatives   30  0  0 

Electrolytic  Quantitative  An- 
alysis    30  0  0 

Erratic  Blocks    10    0    0 

Palaeozoic  Phyllopoda  5    0    0 

Photographs  of  Geological  In- 
terest    10  0  0 

Shell-bearing  Deposits  at 
Clava,  &c 10  0  0 

Eurypterids  of  the  Pentland 

Hills 300 

New  Sections  of   Stonesfield 

Slate GO    0    0 

Exploration  of  Calf  Hole  Cave     10    0    0 

Nature  and  Probable  Age  of 

High-level  Flint-drifts 10    0    0 

Table  at  the  Zoological  Station 
at  Naples  100  0  0 

Table  at  the  Biological  Labo- 
ratory, Plymouth  15  0  0 

Zoology,  Botany,  and  Geology 

of  the  Irish  Sea 35     9     4 

Zoology  and   Botany  of    the 

West  India  Inlands   50    0    0 

Index  of  Genera  and  Species 

of  Animals 50    0    0 

0    0 
0    0 


Climatology  of  Tropical  Africa  5 

Exploration  of  Hadramut    ...  50 

Calibration  and  Comparison  of 

Measuring  Instruments  ...  25  0  0 

Anthropometric  Measure- 
ments in  Schools  5  0  0 

Lake  Village  at  Glastonbury  30    0    0 

Exploration  of  a  Kitchen- 
midden  at  Hastings  10  0  0 

Ethnographical  Survey     10    0    0 

Physiological  Applications  of 

the  Phonograph 25  0  0 

Corresponding  Societies  30    0    0 

£977  15    5 
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Photographs  of  Meteorologi- 
cal Phenomena  

Seismological  Observations... 

Abstracts  of  Physical  Papers 

Calculation  of  Certain  Inte- 
grals  

Uniformity  of  Size  of  Pages  of 
Transactions,  &c 

Wave-length  Tables  of  the 
Spectra  of  the  Elements  ... 

Action  of  Light  upon  Dyed 
Colours  

Electrolytic  Quantitative  Ana- 
lysis  

The  Carbohydrates  of  Barley 
Straw  

Reprinting  Discussion  on  the 
Relation  of  Agriculture  to 
Science  

Erratic  Blocks    

Palaeozoic  Phyllopoda 

Shell-bearing  Deposits  at 
Clava,  &c 

Eurypterids  of  the  Pentland 
Hills 

Investigation  of  a  Coral  Reef 
by  Boring  and  Sounding  . . . 

Examination  of  Locality  where 
the  Cetiosaurus  in  the  Ox- 
ford Museum  was  found  ... 

Paleolithic  Deposits  at  Hoxne 

Fauna  of  Singapore  Caves  ... 

Age  and  Relation  of  Rocks 
near  Moreseat,  Aberdeen  . 

Table  at  the  Zoological  Sta- 
tion at  Naples  

Table  at  the  Biological  Labo- 
ratory, Plymouth  

Zoology,  Botany,  and  Geology 
of  the  Irish  Sea 

Zoology  of  the  Sandwich  Is- 
lands   

African  Lake  Fauna 

Oysters  under  Normal  and 
Abnormal  Environment  ... 

Climatology  of  Tropical  Africa 

Calibration  and  Comparison  of 
Measuring  Instruments 

Small  Screw  Gauge  

North-Western  Tribes  of 
Canada  

Lake  Village  at  Glastonbury . 

Ethnographical  Survey 

Mental  and  Physical  Condi- 
tion of  Children 

Physiological  Applications  of 
the  Phonograph 

Corresponding  Societies  Com- 
mittee   , 
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1897. 

£    s.    d. 

Mathematical  Tables    25    0    0 

Seismological  Observations...  100    0    0 

Abstracts  of  Physical  Papers  100    0    0 

Calculation  of  Certain  In- 
tegrals   10  0  0 

Electrolysis  and  Electro- 
chemistry    50  0  0 

Electrolytic  Quantitative  Ana- 

lysis 10     0    0 

Isoineric  Naphthalene  Deri- 
vatives   50  0  0 

Erratic  Blocks   10    0    0 

Photographs  of  Geological 
Interest  15  0  0 

Remains  of  the  Irish  Elk  in 
the  Isle  of  Man 15  0  0 

Table  at  the  Zoological  Sta- 
tion, Naples  100  0  0 

Table  at  the  Biological  La- 
boratory, Plymouth  9  10  8 

Zoological  Bibliography  and 
Publication 500 

Index  Generum  et  Spccierum 

Animalium 100    0    0 

Zoology  and   Botany  of  the 

West  India  Islands   40    0    0 

The  Details  of  Observa- 
tions on  the  Migration  of 
Birds  40  0  0 

Climatology  of  Tropical 
Africa 20  0  0 

Ethnographical  Survey 4.0    0    0 

Mental  and  Physical  Condi- 
tion of  Children 10  0  0 

Siichesrer  Excavation  20    0    0 

Investigation  of  Changes  as- 
sociated with  the  Func- 
tional Activity  of  Nerve 
Cells  and  their  Peripheral 
Extensions 180  0  0 

Oysters  and  Typhoid    3D    0    0 

Physiological  Applications  of 

the  Phonograph 15    0     0 

Physiological  Effects  of  Pep- 
tone and  its  Precursors 20  0  0 

Fertilisation  in  Phceophycese    20    0    0 

Corresponding  Societies  Com- 
mittee   25  0  0 


£1,059  10    8 


1898. 

Electrical  Standards 75  0  0 

Seismological  Observations...  75  0  0 
Abstracts  of  Physical  Papers  100  0  0 
Calculation    of    Certain    In- 
tegrals   10  0  0 

Electrolysis  and  Electro-chem- 
istry   35  0  0 

Meteorological  Observatory  at 

Montreal 50  0  6 
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£    s.    d. 

Wave-length  Tables  of  the 

Spectra  of  the  Elements  ...  20  0  0 

Action  of  Light  upon  Dyed 

Colours  800 

Erratic  Blocks    500 

Investigation  of  a  Coral  Reef    40    0    0 

Photographs  of  Geological 

Interest  10  0  0 

Life-zones  in  British  Carbon- 
iferous Rocks 15  0  0 

Pleistocene  Fauna  and  Flora 
in  Canada  20  0  0 

Table  at  the  Zoological  Sta- 
tion, Naples  100  0  0 

Table  at  the  Biological  La- 
boratory, Plymouth 14  0  0 

Index  Generum  et  Specierum 

Animalium 100  0  0 

Healthy  and  Unhealthy  Oys- 
ters    30  0  0 

Climatology  of  Tropical  Africa    10    0    0 

State  Monopolies  in  other 

Countries  15  0  0 

Small  Screw  Gauge 20    0    0 

North -Western  Tribes  of 
Canada 75  0  0 

Lake  Village  at  Glastonbury    37  10     0 

Silchester  Excavation  710    0 

EthnologicalSurvey  of  Canada    75    0    0 

Anthropology  and  Natural 

History  of  Torres  Straits...  125  0  0 

Investigation  of  Changes  asso- 
ciated with  the  Functional 
Activity  of  Nerve  Cells  and 
their  Peripheral  Extensions  100  0  0 

Fertilisation  in  Phseophycese    15    00 

Corresponding  Societies  Com- 
mittee   25  0  0 


1899. 

Electrical  Standards 225    0    0 

Seismological  Observations...     6514    8 

Science  Abstracts 100    0    0 

Heat  of  Combination  of  Metals 

in  Alloys 20    0    0 

Radiation  in  a  Magnetic  Field    50    0    0 
Calculation    of    Certain    In- 
tegrals      10    0    0 

Action  of   Light  upon   Dyed 

Colours    4  19     6 

Relation  between  Absorption 

Spectra  and  Constitution  of 

Organic  Subst  ances  50    0    0 

Erratic  Blocks   15     0    0 

Photographs    of     Geological 

Interest  10    0    0 

Remains  of  Irish  Elk  in  the 

Isle  of  Man 15    0    0 

Pleistocene  Flora  and  Fauna 

in  Canada  30    0    0 


£    s.    d. 

Records  of  Disappearing  Drift 
Section  at  Moel  Try faen  ,..  500 

Ty  Newydd  Caves 40    0    0 

Ossiferous  Caves  at  Uphill ...     30    0    0 

Table  at  the  Zoological  Sta- 
tion, Naples  100  0  0 

Table  at  the  Biological  La- 
boratory, Plymouth  20  0  0 

Index  Generum  et  Specierum 
Animalium 100  0  0 

Migration  of  Birds    1500 

Apparatus  for  Keeping  Aqua- 
ticOrganisms  under  Definite 
Physical  Cond  it  ions  15  0  0 

Plankton  and  Physical  Con- 
ditions of  the  English  Chan- 
nel during  1899 100  0  0 

Exploration  of  Sokotra    35     0    0 

Lake  Village  at  Glastonbury     50     0     0 

Silchester  Excavation  10    0    0 

EthnologicalSurvey  of  Canada    35    0    0 

New  Edition  of  *  Anthropolo- 
gical Notes  and  Queries  '. . .  40  0  0 

Age  of  Stone  Circles 20    0    0 

Physiological  Effects  of  Pep- 
tone   30  0  0 

Electrical  Changes  accom- 
panying Discharge  of  Res- 
piratory Centres 20  0  0 

Influence  of  Drugs  upon  the 

Vascular  Nervous  System...  10  0  0 

Histological  Changes  in  Nerve 

Cells 20  0  0 

Micro-chemistry  of  Cells 40    0    0 

Histology  of  Suprarenal  Cap- 
sules   

Comparative  Histology  of 
Cerebral  Cortex 10 

Fertilisation  in  Phyasophyceee     20 

Assimilation  in  Plants 20 

Zoological  and  Botanical  Pub- 
lication    5 

Corresponding  Societies  Com- 
mittee   25 


20    0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

£1,430  14  2 


1900. 

Electrical  Standards 25    0    0 

Seismological  Observations. . .     60    0    0 

Radiation  in  a  Magnetic  Field    25    0    0 

Meteorological  Observatory  at 
Montreal 20  0  0 

Tables  of  Mathematical  Func- 
tions    75  0  0 

Relation  between  Absorption 
Spectra  and  Constitution 
of  Organic  Bodies 30  0  0 

Wave-length  Tables 500 

Electrolytic  Quantitative 

Analysis...,*, ,.  500 
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£    s.    d. 

Isomorphous  Snlphonic  Deri- 
vatives of  Benzene  20  0  0 

The  Nature  of  Alloys    30    0    0 

Photographs  of  Geological 

Interest  10  0  0 

Remains  of  Elk  in  the  Isle  of 

Man 500 

Pleistocene  Fauna  and  Flora 

in  Canada  10  0  0 

Movements  of  Underground 

Waters  of  Craven 40  0  0 

Table  at  the  Zoological  Sta- 
tion, Naples  100  0  0 

Table  at  the  Biological  La- 
boratory, Plymouth 20  0  0 

Index  Generuin  et  Specierum 
Aniraalium 50  0  0 

Migration  of  Birds    15    0    0 

Plankton  and  Physical  Con- 
ditions of  the  English 
Channel  40  0  0 

Zoology  of  the  Sandwich 

Islands  100  0  0 

Coral  Beefs  of  the  Indian 

Region  30  0  0 

Physical  and  Chemical  Con- 
stants of  Sea- Water 100  0  0 

Future  Dealings  in  Raw 

Produce  2  10  0 

Silchester  Excavation  10     0     0 

Ethnological  Survey  of 

Canada  50  0  0 

New  Edition  of  'Anthropo- 
logical Notes  and  Queries '  40  0  0 

Photographs  of  Anthropo- 
logical Interest 10  0  0 

Mental  and  Physical  Condi- 
tion of  Children  in  Schools  500 

Ethnography  of  the  Malay 

Peninsula  25  0  0 

Physiological  Effects  of  Pep- 
tone   20  0  0 

Comparative  Histology  of 

Suprarenal  Capsules 20  0  0 

Comparative  Histology  of 
Cerebral  Cortex. 500 

Electrical  Changes  in  Mam- 
malian Nerves  20  0  0 

Vascular  Supply  of  Secreting 

Glands 10  0  0 


£    i.  d. 

Fertilisation  in  Phaeophyceas    20    0  0 

Corresp.  Societies  Committee    20    0  0 

£1,072  10  6 


1901. 

Electrical  Standards 45    0    0 

Seismological  Observations...     75     0     0 

Wave-length  Tables 414     0 

Isomorphous  Sulphonic  Deri- 
vatives of  Benzene  35  0  0 

Life-zones  in  British  Carbo- 
niferous Rocks 20  0  0' 

Underground  Water  of  North- 
west Yorkshire 50  0  0 

Exploration  of  Irish  Caves...     15    0    0 

Table  at  the  Zoological  Sta- 
tion, Naples  100  0  0 

Table  at  the  Biological  La- 
boratory, Plymouth 20  0  0 

Index  Generum  et  Specierum 

Animalium 75  0  0 

Migration  of  Birds   10    0    0 

Terrestrial  Surface  Waves  ...       500 

Changes  of  Land-level  in  the 

Phlegraean  Fields 50  0  0 

Legislation  regulating  Wo- 
men's Labour 15  0  0 

Small  Screw  Gauge 45     0     0 

Resistance  of  Road  Vehicles 

to  Traction 75  0  0 

Silchester  Excavation 10     0     0 

Ethnological  Survey  of 
Canada  30  0  0 

Anthropological  Teaching  ...       5     0     0 

Exploration  in  Crete    145    0    0 

Physiological  Effects  of  Pep- 
tone   30  0  0 

Chemistry  of  Bone  Marrow...       5  15  11 

Suprarenal  Capsules  in  the 

Rabbit 500 

Fertilisation  in  Phaeophycere     15     00 

Morphology,  Ecology,  and 
Taxonomy  of  Podoste- 
maceaB 20  0  0 

Corresponding  Societies  Com- 
mittee   15  0  0 
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General  Meetings. 

On  Wednesday,  September  11,  at  8.30  P.M.,  in  St.  Andrew's  Hall, 
Olasgow,  Sir  William  Turner,  K.C.B.,  F.R.S.,  resigned  the  office  of 
President  to  Professor  A.  W.  Riicker,  D.Sc.,  Sec.  R.S.,  F.R.S.,  who  took 
the  Chair,  and  delivered  an  Address,  for  which  see  page  3. 

On  Thursday,  September  12,  at  8.30  P.M.,  a  Soire'e  took  place  in  the 
City  Chambers. 

On  Friday,  September  13,  at  8.30  P.M.,  in  St.  Andrew's  Hall,  Pro- 
fessor W.  Ramsay,  F.R.S.,  delivered  a  Discourse  on  'The  Inert  Con- 
stituents of  the  Atmosphere.' 

On  Monday,  September  16,  at  8.30  P.M.,  in  St.  Andrew's  Hall, 
Mr.  Francis  Darwin,  F.R,S.,  delivered  a  Discourse  on  '  The  Movements  of 
Plants/ 

On  Tuesday,  September  17,  at  8.30  P.M.,  a  Soiree  took  place  in 
the  Exhibition  Buildings. 

On  Wednesday,  September  18,  at  2.30  P.M.,  in  the  University,  the  con- 
cluding General  Meeting  took  place,  when  the  Proceedings  of  the  General 
•Committee  and  the  Grants  of  Money  for  Scien title  Purposes  were  explained 
to  the  Members. 

The  Meeting  was  then  adjourned  to  Belfast.  [The  Meeting  is 
appointed  to  commence  on  Wednesday,  September  10,  1902.] 


PRESIDENT'S  ADBBESS. 


1901. 


ADDEESS 

BY 

PROFESSOR  ARTHUR  W.  RUCKER,  M.A.,  LL.D., 
D.Sc.,  SEC.R.S. 

PRESIDENT. 


THE  first  thought  in  the  minds  of  all  of  us  to-night  is  that  since  we  met 
last  year  the  great  Queen,  in  whose  reign  nearly  all  the  meetings  of  the 
British  Association  have  been  held,  has  passed  to  her  rest. 

To  Sovereigns  most  honours  and  dignities  come  as  of  right ;  but  for 
some  of  them  is  reserved  the  supreme  honour  of  an  old  age  softened  by 
the  love  and  benedictions  of  millions  ;  of  a  path  to  the  grave,  riot  only 
magnificent,  but  watered  by  the  tears  both  of  their  nearest  and  dearest, 
and  of  those  who,  at  the  most,  have  only  seen  them  from  afar. 

This  honour  Queen  Victoria  won.  All  the  world  knows  by  what 
great  abilities,  by  what  patient  labour,  by  what  infinite  tact  and  kindli- 
ness, the  late  Queen  gained  both  the  respect  of  the  rulers  of  nations  and 
the  affection  of  her  own  subjects. 

Her  reign,  glorious  in  many  respects,  was  remarkable,  outside  these 
islands,  for  the  growth  of  the  Empire  ;  within  and  without  them,  for 
the  drawing  nearer  of  the  Crown  and  the  people  in  mutual  trust ;  while, 
during  her  lifetime,  the  developments  of -science  and  of  scientific  industry 
have  altered  the  habits  and  the  thoughts  of  the  whole  civilised  world. 

The  representatives  of  science  have  already  expressed  in  more  formal 
ways  their  sorrow  at  the  death  of  Queen  Victoria,  and  the  loyalty  and 
confident  hope  for  the  future  with  which  they  welcome  the  accession  of 
King  Edward.  But  none  the  less,  I  feel  sure  that  at  this,  the  first 
meeting  of  the  British  Association  held  in  his  reign,  I  am  only  expressing 
the  universal  opinion  of  all  our  members  when  I  say  that  no  group  of  the 
King's  subjects  trusts  more  implicitly  than  we  do  in  the  ability,  skill, 
and  judgment  which  'His  Majesty  has  already  shown  in  the  exercise  of 
the  powers  and  duties  of  his  august  office  ;  that  none  sympathise  more 
deeply  with  the  sorrows  which  two  great  nations  have  shared  with  their 
Sovereigns  ;  and  that  none  cry  with  more  fervour,  '  Long  live  the  King  ! ' 

But  this  Meeting  of  the  British  Association  is  not  only  remarkable 
as  being  the  first  in  a  nsw  reign.  It  is  also  the  first  in  a  new  century. 
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It  is  held  in  Glasgow  at  a  time  when  your  International  Exhibition  has 
in  a,  special  sense  attracted  the  attention  of  the  world  to  your  city,  and 
when  the  recent  celebration  of  the  ninth  jubilee  of  your  University  has 
shown  how  deeply  the  prosperity  of  the  present  is  rooted  in  the  past. 
What  wonder,  then,  if  I  take  the  Chair  to  which  you  have  called  me  with 
some  misgivings  1  Born  and  bred  in  the  South,  I  am  to  preside  over  a 
Meeting  held  in  the  largest  city  of  Scotland.  As  your  chosen  mouth- 
piece I  am  to  speak  to  you  of  science  when  we  stand  at  the  parting  of 
the  centuries,  and  when  the  achievements  of  the  past  and  present,  and 
the  promise  of  the  future,  demand  an  interpreter  with  gifts  of  knowledge 
and  divination  to  which  I  cannot  pretend.  Lastly,  I  am  President  of  the 
British  Association  as  a  disciple  in  the  home  of  the  master,  as  a  physicist 
in  a  city  which  a  physicist  has  made  for  ever  famous.  Whatever  the 
future  may  have  in  store  for  Glasgow,  whether  your  enterprise  is  still  to 
add  wharf  to  wharf,  factory  to  factory,  and  street  to  street,  or  whether 
Some  unforeseen  *  tide  in  the  affairs  of  men '  is  to  sweep  energy  and 
success  elsewhere,  fifty-three  years  in  the  history  of  your  city  will  never 
be  forgotten  while  civilisation  lasts. 

More  than  half  a  century  ago,  a  mere  lad  was  the  first  to  compel  the 
British  Association  to  listen  to  the  teaching  of  Joule,  and  to  accept  the 
law  of  the  conservation  of  energy.  Now,  alike  in  the  most  difficult 
mathematics  and  in  the  conception  of  the  most  ingenious  apparatus,  in 
the  daring  of  his  speculations  and  in  the  soundness  of  his  engineering, 
William  Thomson,  Lord  Kelvin,  is  regarded  as  a  leader  by  the  science 
and  industry  of  the  whole  world. 

It  is  the  less  necessary  to  dwell  at  length  upon  all  that  he  has  done, 
for  Lord  Kelvin  has  not  been  without  honour  in  his  own  country.  Many 
of  us,  who  meet  here  to  night,  met  last  in  Glasgow  when  the  University 
and  City  had  invited  representatives  of  all  nations  to  celebrate  the  Jubilee 
of  his  professorship.  For  those  two  or  three  days  learning  was  sur- 
rounded with  a  pomp  seldom  to  be  seen  outside  a  palace.  The  strange 
middle-age  costumes  of  all  the-  chief  Universities  of  the  world  were 
jostling  here,  the  outward  signs  that  those  who  were  themselves  distin- 
guished in  the  study  of  Nature  had  gathered  to  do  honour  to  one  of  the 
most  distinguished  of  them  all. 

Lord  Kelvin's  achievements  were  then  described  in  addresses  in  every 
tongue,  and  therefore  I  will  only  remind  you  that  we,  assembled  here 
to-night,  owe  him  a  heavy  debt  of  gratitude  ;  for  the  fact  that  the  British 
Association  enters  on  the  twentieth  century  conscious  of  a  work  to  do 
and  of  the  vigour  to  do  it  is  largely  due  to  his  constant  presence  at  its 
Meetings  and  to  the  support  he  has  so  ungrudgingly  given.  We  have 
learned  to  know  not  only  the  work  of  our  great  leader,  but  the  man 
himself  ;  and  I  count  myself  happy  because  in  his  life-long  home,  under 
the  walls  of  the  University  he  served  so  well,  and  at  a  Meeting  of  the 
Association  which  his  genius  has  so  often  illuminated,  I  am  allowed,  as 
your  President,  to  Assure  him  in  your  name  of  the  admiration,  respect, 
nay,  of  the  affection,  in  which  we  all  hold  him. 


AfeDBESS.  5 

I  have  already  mentioned  a  number  of  circumstances  which  make  our 
Meeting  this  year  noteworthy  ;  to  these  I  must  add  that  for  the  first  time 
we  have  a  Section  for  Education,  and  the  importance  of  this  new  de- 
parture, due  largely  to  the  energy  of  Professor  Armstrong,  is  emphasised 
by  the  fact  that  the  Chair  of  that  Section  will  be  occupied  by  the 
Vice-President  of  the  Board  of  Education — Sir  John  Gorst.  I  will  not 
attempt  to  forecast  the  proceedings  of  the  new  Section.  Education  is 
passing  through  a  transitional  stage.  The  recent  debates  in  Parliament ; 
the  great  gifts  of  Mr.  Carnegie  ;  the  discussion  as  to  University  organisa- 
tion in,  the  North  of  England;  the  reconstitution  of  the  University  of 
London  ;  the  increasing  importance  attached  to  the  application  of  know- 
ledge both  to  the  investigation  of  Nature  and  to  the  purposes  of  industry, 
are  all  evidence  of  the  growing  conviction  that  without  advance  in  educa- 
tion we  cannot  retain  our  position  among  the  nations  of  the  world.  If 
the  British  Association  can  provide  a  platform  on  which  these  matters 
may  be  discussed  in  a  scientific  but  practical  spirit,  free  from  the  mis- 
representations of  the  hustings  and  the  exaggerations  of  the  partisan,  it 
will  contribute  in  no  slight  measure  to  the  national  welfare. 

But  amid  the  old  and  new  activities  of  our  meeting  the  undertone 
of  sadness,  which  is  never  absent  from  such  gatherings,  will  be  painfully 
apparent  to  many  of  us  at  Glasgow.  Our  sympathy  goes  out  to  the  sister 
nation  across  the  sea,  which  is  watching  by  the  sick-bed  on  which  the 
President  of  the  United  States  has  been  stretched  by  a  coward  hand. 
You  will,  I  am  sure,  be  glad  to  hear  that  the  General  Committee  has 
already  telegraphed,  in  the  name  of  the  Association,  to  President  McKinley 
assuring  him  of  their  earnest  hopes  for  his  speedy  and  complete  recovery. 
Nearer  home  the  life-work  of  Professor  Tait  has  ended  amid  the  gloom  of 
the  war-cloud.  A  bullet,  fired  thousands  of  miles  away,  struck  him  to 
the  heart,  so  that  in  their  deaths  the  father  and  the  brave  son,  whom  he 
loved  so  well,  were  not  long  divided.  Within  the  last  year,  too,  America 
has  lost  Rowland  ;  Viriamu  Jones,  who  did  yeoman's  service  for  educa- 
tion and  for  science,  has  succumbed  to  a  long  and  painful  illness  ;  and  one 
who  last  year  at  Bradford  seconded  the  proposal  that  I  should  be  your 
President  at  Glasgow,  and  who  would  unquestionably  have  occupied  this 
Chair  before  long  had  he  been  spared  to  do  so,  has  unexpectedly  been  called 
away,  A  few  months  ago  we  had  no  reason  to  douht  that  George 
Francis  MtzGerald  had  many  years  of  health  and  work  before  him.  He 
had  gained  in  a  remarkable  way  not  only  the  admiration  of  the  scientific 
world,  but  the  affection  of  his  friends,  and  we  shall  miss  sadly  one  whom 
we  all  cared  for,  and  who,  we  hoped,  might  yet  add  largely  to  the 
achievements  which  had  made  him  famous. 

The  Science  of  the  Nineteenth  Century. 

Turning  from  these  sad  thoughts  to  the  retrospect  of  the  century 
which  has  so  lately  ended,  I  have  found  it  to  be  impossible  to  free  myself 
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from  the  influence  of  the  moment  and  to  avoid,  even  if  it  were  desirable  to 
avoid,  the  inclination  to  look  backward  from  the  standpoint  of  to-day. 

Two  years  ago  Sir  Michael  Foster  dealt  with  the  work  of  the  century 
as  a  whole.  Last  year  Sir  William  Turner  discussed  in  greater  detail 
the  growth  of  a  single  branch  of  science.  A  third  and  humbler  task 
remains,  viz.,  to  fix  our  attention  on  some  of  the  hypotheses  and  assump- 
tions on  which  the  fabric  of  modern  theoretical  science  has  been  built,  and 
to  inquire  whether  the  foundations  have  been  so  <  well  and  truly  '  laid 
that  they  may  be  trusted  to  sustain  the  mighty  superstructure  which  is 
being  raised  upon  them. 

The  moment  i§  opportune.  The  three  chief  conceptions  which  for  many 
years  have  dominated  physical  as  distinct  from  biological  science  have 
been  the  theories  of  the  existence  of  atoms,  of  the  mechanical  nature  of 
heat,  and  of  the  existence  of  the  ether, 

Dalton's  atomic  theory  was  first  given  to  the  world  by  a  Glasgow  pro- 
fessor—Thomas Thomson—  in  the  year  1807,  Dalton  having  communicated 
it  to  him  in  1804.  Rumford's  and  Davy's  experiments  on  the  nature 
of  heat  were  published  in  1798  and  1799  respectively  ;  and  the  cele- 
brated Bakerian  Lecture,  in  which  Thomas  Young  established  the 
undulatory  theory  by  explaining  the  interference  of  light,  appeared  in 
the  ' Philosophical  Transactions'  in  1801.  The  keynotes  of  the  physical 
science  of  the  nineteenth  century  were  thus  struck,  as  the  century  began, 
by  four  of  our  fellow-countrymen,  one  of  whom — Sir  Benjamin  Thompson, 
Count  Rurnford — preferred  exile  from  the  land  of  his  birth  to  the  loss  of 
his  birthright  as  a  British  citizen* 

Doubts  as  to  Scientific  Theories. 

It  is  well  known  that  of  late  doubts  have  arisen  as  to  whether  the 
atomic  theory,  with  which  the  mechanical  theory  of  heat  is  closely  bound 
up,  and  the  theory  of  the  existence  of  an  ether  have  not  served  their 
purpose,  and  whether  the  time  has  not  come  to  reconsider  them. 

The  facts  that  Professor  Poincare,  addressing  a  congress  of  physicists 
n  Paris,  and  Professor  Poynting,  addressing  the  Physical  Section  of  the 
Association,  have  recently  discussed  the  true  meaning  of  our  scientific 
methods  of  interpretation  ;  that  Dr.  James  Ward  has  lately  delivered  an 
attack  of  great  power  on  many  positions  which  eminent  scientific  men 
have  occupied  ;  and  that  the  approaching  end  of  the  nineteenth  century 
led  Professor  Hoeckel  to  define  in  a  more  popular  manner  his  own  very 
definite  views  as  to  the  solution  of  the  *  Riddle  of  the  Universe/  are 
perhaps  a  sufficient  justification  of  an  attempt  to  lay  before  you  the  diffi- 
culties which  surround  some  of  these  questions. 

To  keep  the  discussion  within  reasonable  limits  I  shall  illustrate  the 
principles  under  review  by  means  of  the  atomic  theory,  with  compara- 
tively little  reference  to  the  ether,  and  we  may  also  at  first  confine  our 
attention  to  inanimate  objects, 
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The  Co'iustruct'loti  of  a  Model  of  Nature. 

A  natural  philosopher,  to  use  the  old  phrase,  even  if  only  possessed  of 
the  most  superficial  knowledge,  would  attempt  to  bring  some  order  into 
the  results  of  his  observation  of  Nature  by  grouping  together  statements 
with  regard  to  phenomena  which  are  obviously  related.  The  aim  of 
modern  science  goes  far  beyond  this.  Tt  not  only  shows  that  many 
phenomena  are  related  which  at  first  sight  have  little  or  nothing  in 
common,  but,  in  so  doing,  also  attempts  to  explain  the  relationship. 

Without  spending  time  on  a  discussion  of  the  meaning  of  the  word 
c  explanation/  it  is  sufficient  to  say  that  our  efforts  to  establish  rolation- 
ships  between  phenomena  of  ton  take  the  form  of  attempt -ing  to  prove 
that,  if  a  limited  number  of  assumptions  are  granted  as  to  the  constitu- 
tion of  matter,  or  as  to  the  existence  of  quasi-material  entities,  such  as 
caloric,  electricity,  and  the  ether,  a  wide  range  of  observed  facts  falls  into 
order  as  a  necessary  consequence  of  the  assumptions.  The  question  at 
issue  is  whether  the  hypotheses  which  are  at  the  base  of  the  scientific 
theories  now  most  generally  accepted  are  to  be  regarded  as  accurate 
descriptions  of  the  constitution  of  the  universe  around  us,  or  merely  as 
convenient  fictions. 

Convenient  fictions  be  it  observed,  for  even  if  they  are  fictions  they 
are  not  useless.  From  the  practical  point  of  view  it  is  a  matter  of 
secondary  importance  whether  our  theories  and  assumptions  are  correct, 
if  only  they  guide  us  to  results  which  are  in  accord  with  facts.  The 
whole  fabric  of  scientific  theory  may  be  regarded  merely  as  a  gigantic 
'  aid  to  memory J ;  as  a  means  for  producing  apparent  order  out  of  dis- 
order by  codifying  the  observed  facts  and  laws  in  accordance  with  an 
artificial  system,  and  thus  arranging  our  knowledge  under  a  comparatively 
small  number  of  heads.  The  simplification  introduced  by  a  scheme  which, 
however  imperfect  it  may  be,  enables  us  to  argue  from  a  few  first  principles, 
makes  theories  of  practical  use.  By  means  of  them  we  can  foresee  the 
results  of  combinations  of  causes  which  would  otherwise  elude  us.  We 
can  predict  future  events,  and  can  even  attempt  to  argue  back  from  the 
present  to  the  unknown  past. 

But  it  is  possible  that  these  advantages  might  be  attained  by  means 
of  axioms,  assumptions,  and  theories  based  on  very  false  ideas.  A 
person  who  thought  that  a  river  was  really  a  streak  of  blue  paint 
might  learn  as  much  about  its  direction  from  a  map  as  one  who  knew 
it  as  it  is.  Tt  is  thus  conceivable  that  we  might  be  able,  not  indeed 
to  construct,  but  to  imagine,  something  more  than  a  mere  map  or 
diagram,  something  which  might  even  be  called  a  working  model  of 
inanimate  objects,  which  was  nevertheless  very  unlike  the  realities  of 
nature.  Of  course,  the  agreement  between  the  action  of  the  model  and 
the  behaviour  of  the  things  it  was  designed  to  represent  would  probably 
be  imperfect,  unless  the  one  were  a  facsimile  of  the  other  ;  but  it  is  con- 
ceivable that  the  correlation  of  natural  phenomena  could  be  imitated, 
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with  a  large  measure  of  success,  by  means  of  an  imaginary 
which  shared  with  a  map  or  diagram  the  characteristic  that  it  was  in 
many  ways  unlike  the  things  it  represented,  but  might  be  compared  to  a 
model  in  that  the  behaviour  of  the  things  represented  could  be  predicted 
from  that  of  the  corresponding  parts  of  the  machine. 

We  might  even  go  a  step  further.  If  the  laws  of  the  working  of  the 
model  could  be  expressed  by  abstractions,  as,  for  example,  by  mathe- 
matical formulae,  then,  when  the  formulae  were  obtained,  the  model 
might  be  discarded,  as  probably  unlike  that  which  it  was  made  to  imitate, 
as  a  mere  aid  in  the  construction  of  equations,  to  be  thrown  aside  when 
the  perfect  structure  of  mathematical  symbols  wtas  erected. 

If  this  course  were  adopted  we  should  have  given  up  the  attempt  to 
know  more  of  the  nature  of  the  objects  which  surround  us  than  can  be 
gained  by  direct  observation,  but  might  nevertheless  have  learned  how 
these  objects  would  behave  under  given  circumstances. 

We  should  have  abandoned  the  hope  of  a  physical  explanation  of  the 
properties  of  inanimate  Nature,  but  should  have  secured  ;i  mathematical 
description  of  her  operations. 

There  is  no  doubt  that  this  is  the  easiest  path  to  follow.  Criticism  is 
avoided  if  we  admit  from  the  first  that  we  cannot  go  below  the  surface  ; 
cannot  know  anything  about  the  constitution  of  material  bodies  ;  but 
must  be  content  with  formulating  a  description  of  their  behaviour  by 
means  of  laws  of  Nature  expressed  by  equations. 

But  if  this  is  to  be  the  end  of  the  study  of  Nature,  it  is  evident  that 
the  construction  of  the  model  is  not  an  essential  part  of  the  process. 
The  model  is  used  merely  as  an  aid  to  thinking  ;  and  if  the  relation  of 
phenomena  can  be  investigated  without  it,  so  much  the  better.  The 
highest  form  of  theory — it  may  be  said — the  widest  kind  of  generalisa- 
tion, is  that  which  has  given  up  the  attempt  to  form  clear  mental  pic- 
tures of  the  constitution  of  matter,  which  expresses  the  facts  and  the 
laws  by  language  and  symbols  which  lead  to  results  that  are  true,  what- 
ever be  our  view  as  to  the  real  nature  of  the  objects  with  which  we  deal. 
From  this  point  of  view  the  atomic  theory  becomes  not  so  much  false  as 
unnecessary  ;  it  may  be  regarded  as  an  attempt  to  give  an  unnatural 
precision  to  ideas  which  are  and  must  be  vague. 

Thus,  when  Rumford  found  that  the  mere  friction  of  metals  produced 
heat  in  unlimited  quantity,  and  argued  that  heat  was  therefore  a  mode  of 
motion,  he  formed  a  clear  mental  picture  of  what  he  believed  to  be  occur- 
ring. But  his  experiments  may  be  quoted  as  proving  only  that  energy 
can  be  supplied  to  a  body  in  indefinite  quantity,  and  that  when  supplied 
by  doing  work  against  friction  it  appears  in  the  form  of  heat. 

By  using  this  phraseology  we  exchange  a  vivid  conception  ot  moving 
atoms  for  a  colourless  statement  as  to  heat  energy,  the  real  nature  of 
which  we  do  not  attempt  to  define  ;  and  methods  which  thus  evade  the 
problem  of  the  nature  of  the  things  which  the  symbols  in  our  equations 
represent  have  been  prosecuted  with  striking  success,  at  all  events 
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within  the  range  of  a  limited  class  of  phenomena.  A  great  school  of 
chemists,  building  upon  the  thermodynamics  of  "Willard  Gibbs  and  the 
intuition  of  Van  'fc  Hoff,  have  shown  with  wonderful  skill  that,  if  a 
sufficient  number  of  the  data  of  experiment  are  assumed,  it  is  possible, 
by  the  aid  of  thermodynamics,  to  trace  the  form  of  the  relations  between 
many  physical  and  chemical  phenomena  without  the  help  of  the  atomic 
theory. 

But  this  method  deals  only  with  matter  as  our  coarse  senses  know  it ; 
it  does  not  pretend  to  penetrate  beneath  the  surface. 

It  is  therefore  with  the  greatest  respect  for  its  authors,  and  with  a 
full  recognition  of  the  enormous  power  of  the  weapons  employed,  that  I 
venture  to  assert  that  the  exposition  of  such  a  system  of  tactics  cannot  be 
regarded  as  the  last  word  of  science  in  the  struggle  for  the  truth. 

Whether  we  grapple  with  them,  or  whether  we  shirk  them  ;  however 
much  or  however  little  we  can  accomplish  without  answering  them,  the 
questions  still  force  themselves  upon  us  :  Is  matter  what  it  seems  to  be  ? 
Is  interplanetary  space  full  or  empty  ?  Can  we  argue  back  from  the 
direct  impressions  of  our  senses  to  things  which  we  cannot  directly  per- 
ceive-; from  the  phenomena  displayed  by  matter  to  the  constitution  of 
matter  itself  ? 

It  is  these  questions  which  we  are  discussing  to-night,  and  we  may 
therefore,  as  far  as  the  present  address  is  concerned,  put  aside,  once  for 
all,  methods  of  scientific  exposition  in  which  an  attempt  to  form  a  mental 
picture  of  the  constitution  of  matter  is  practically  abandoned,  and  devote 
ourselves  to  the  inquiries  whether  the  effort  to  form  such  a  picture  is 
legitimate,  and  whether  we  have  any  reason  to  believe  that  the  sketch 
which  science  has  already  drawn  is  to  some  extent  a  copy,  and  not  a  mere 
diagram,  of  the  truth. 

Sttccessive  Steps  in  the  Analysis  of  Matter. 

In  dealing,  then,  with  the  question  of  the  constitution  of  matter  and 
the  possibility  of  representing  it  accurately,  we  may  grant  at  once  that 
the  ultimate  nature  of  things  is,  and  must  remain,  unknown  ;  but  it  does 
not  follow  that  immediately  below  the  complexities  of  the  superficial 
phenomena  which  affect  our  senses  there  may  not  be  a  simpler  machinery 
of  the  existence  of  which  we  can  obtain  evidence,  indirect  indeed  but 
conclusive. 

The  fact  that  the  apparent  unity  which  we  call  the  atmosphere  can  be 
resolved  into  a  number  of  different  gases  is  admitted  ;  though  the  ultimate 
nature  of  oxygen,  nitrogen,  argon,  carbonic  acid,  and  water  vapour  is  as 
unintelligible  as  that  of  air  as  a  whole,  so  that  the  analysis  of  air,  taken 
by  itself,  may  be  said  to  have  substituted  many  incomprehensibles  for  one. 

Nobody,  however,  looks  at  the  question  from  this  point  of  view.  It 
is  recognised  that  an  investigation  into  the  proximate  constitution  of 
things  may  be  useful  and  successful,  even  if  their  ultimate  nature  is 
beyond  our  ken. 
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Nor  need  the  analysis  stop  at  the  first  step.  Water  vapour  and  car- 
bonic acid,  themselves  constituents  of  the  atmosphere,  are  in  turn  resolved 
into  their  elements  hydrogen,  oxygen,  and  carbon,  which,  without  a 
formal  discussion  of  the  criteria  of  reality,  we  may  safely  say  are  as  real 
as  air  itself. 

Now,  at  what  point  must  this  analysis  stop  if  we  are  to  avoid  crossing 
the  boundary  between  fact  and  iiction  ?  Is  there  any  fundamental  differ- 
ence between  resolving  air  into  a  mixture  of  gases  and  resolving  an 
alernentary  gas  into  a  mixture  of  atoms  and  ether  ? 

There  are  those  who  cry  halt  !  at  the  point  at  which  \ve  divide  a  gas 
nto  molecules,  and  their  first  objection  seems  to  be  that  molecules  and 
itoms  cannot  be  directly  perceived,  cannot  be  seen  or  handled,  and  are 
nere  conceptions,  which  have,  their  uses,  but  cannot  be  regarded  as 
•ealittes. 

It  is  easiest  to  reply  to  this  objection  by  an  illustration. 

The  rings  of  Saturn  appear  to  be  continuous  masses  separated  by 
circular  rifts.  This  is  the  phenomenon  which  is  observed  through  a  tele- 
icope.  By  no  known  means  can  we  ever  approach  or  handle  the  rings  ; 
fet  everybody  who  understands  the  evidence  now  believes  that  they  are 
lot  what  they  appear  to  be,  but  consist  of  minute  moonlets,  closely  packed 
ndeed,  but  separate  the  one  from  the  other. 

In  the  first  plaoe  Maxwell  proved  mathematically  that  if  a  Saturnian 
ing  were  a  continuous  solid  or  fluid  mass  it  would  be  unstable  and  would 
lecessarily  break  into  fragments.  In  the  next  place,  if  it  were  possible  for 
•he  ring  to  revolve  like  a  solid  body,  the  inmost  parts  would  move  slowest, 
yhile  a  satellite  moves  faster  the  nearer  it  is  to  a  planet.  Now  spectro- 
copic  observation,  based  on  the  beautiful  method  of  Sir  W.  Huggins, 
hows  not  only  that  the  inner  portions  of  the  ring  move  the  more 
apidly,  but  that  the  actual  velocities  of  the  outer  and  inner  edges  are 
n  close  accord  with  the  theoretical  velocities  of  satellites  at  like  distances 
rom  the  planet. 

This  and  a  hundred  similar  cases  prove  that  it  is  possible  to  obtain 
onviricing  evidence  of  the  constitution  of  bodies  between  whose  separate 
>arts  we  cannot  directly  distinguish,  and  I  take  it  that  a  physicist  who 
>elieves  in  the  reality  of  atoms  thinks  that  he  has  as  good  reason  for 
lividing  an  apparently  continuous  gas  into  molecules  as  he  has  for  dividing 
he  apparently  continuous  Saturnian  rings  into  satellites.  If  he  is  wrong 
b  is  not  the  fact  that  molecules  and  satellites  alike  cannot  be  handled 
,nd  cannot  be  seen  as  individuals,  that  constitutes  the  difference  between 
he  two  cases. 

It  may,  however,  be  urged  that  atoms  and  the  ether  are  alleged  to  have 
properties  different  from  those  of  matter  in  bulk,  of  which  alone  our  senses 
ake  direct  cognisance,  and  that  therefore  it  is  impossible  to  prove  their 
xistence  by  evidence  of  the  same  cogency  as  that  which  may  prove  the 
xistence  of  a  newly  discovered  variety  of  matter  or  of  a  portion  of  matter 
oo  small  or  too  distant  to  be  seep. 
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This  point  is  so  important  that  it  requires  full  discussion,  Hut  in 
dealing  with  it,  it  is  necessary  to  distinguish  carefully  between  the  validity 
of  the  arguments  which  support  the  earlier  and  more  fundamental  pro- 
positions of  the  theory,  and  the  evidence  brought  forward  to  justify  mere 
speculative  applications  of  its  doctrines  which  might  be  abandoned 
without  discarding  the  theory  itself.  The  proof  of  the  theory  must  be 
carried  out  step  by  step. 

The  first  step  is  concerned  wholly  with  some  of  the  most  general 
properties  of  matter,  and  consists  in  the  proof  that  those  properties  are 
either  absolutely  unintelligible,  or  that,  in  the  case  of  matter  of  all  kinds, 
we  are  subject  to  an  illusion  similar  to  that  the  results  of  which  we 
admit  in  the  case  of  Saturn's  rings,  clouds,  smoke,  and  a  numbor  of 
similar  instances.  The  believer  in  the  atomic  theory  asserts  that  matter 
exists  in  a  particular  state  ,  that  it  consists  of  parts  which  are  separate 
and  distinct  the  one  from  the  other,  and  as  such  are  capable  of  indepen- 
dent movements. 

Up  to  this  point  no  question  arises  as  to  whether  the  separate  parts 
are,  like  grains  of  sand,  mere  fragments  of  matter  ;  or  whether,  though 
they  are  the  bricks  of  which  matter  is  built,  they  have,  as  individuals, 
properties  different  from  those  of  masses  of  matter  large  enough  to  be 
directly  perceived.  If  they  are  mere  fragments  of  ordinary  matter,  they 
cannot  be  used  as  aids  in  explaining  those  qualities  of  matter  which  they 
themselves  share. 

We  cannot  explain  things  by  the  things  themselves.  If  it  be  true 
that  the  properties  of  matter  are  the  product  of  an  underlying  machinery, 
that  machinery  cannot  itself  have  the  properties  which  it  produces,  and 
must,  to  that  extent  at  all  events,  differ  from  matter  in  bulk  as  it  is 
directly  presented  to  the  senses. 

If,  however,  we  can  succeed  in  showing  that  if  the  separate  parts  have 
a  limited  number  of  properties  (different,  it  may  be,  from  those  of  matter 
in  bulk),  the  many  and  complicated  properties  of  matter  can  be  explained, 
to  a  considerable  extent,  as  consequences  of  the  constitution  of  these 
separate  parts  ;  we  shall  have  succeeded  in  establishing,  with  regard  to 
quantitative  properties,  a  simplification  similar  to  that  which  the  chemist 
has  established  with  regard  to  varieties  of  matter.  The  many  will  have 
been  reduced  to  the  few. 

The  proofs  of  the  physical  reality  of  the  entities  discovered  by  means 
of  the  two  analyses  must  necessarily  be  different.  The  chemist  can 
actually  produce  the  elementary  constituents  into  which  he  has  resolved 
a  compound  mass.  No  physicist  or  chemist  can  produce  a  single  atom 
separated  from  all  its  fellows,  and  show  that  it  possesses  the  elementary 
qualities  he  assigns  to  it.  The  cogency  of  the  evidence  for  any 
suggested  constitution  of  atoms  must  vary  with  the  number  of  facts 
which  the  hypothesis  that  they  possess  that  constitution  explains. 

Let  us  take,  then,  two  steps  in  their  proper  order,  and  inquire,  first, 
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whether  there  is  valid  ground  for  believing  that  all  matter  is  made  up  of 
discrete  parts  ;  and  secondly,  whether  we  can  have  any  knowledge  of  the 
constitution  or  properties  which  those  parts  possess. 

The  Coarse -grainedness  of  Matter. 

Matter  in  bulk  appears  to  be  continuous.  Such  substances  as  water 
or  air  appear  to  the  ordinary  observer  to  be  perfectly  uniform  in  all  their 
properties  and  qualities,  in  all  their  parts. 

The  hasty  conclusion  that  these  bodies  are  really  uniform  is,  never- 
theless, unthinkable. 

In  the  first  place  the  phenomena  of  diffusion  afford  conclusive  proof 
that  matter  when  apparently  quiescent  is  in  fact  in  a  state  of  internal 
commotion.  I  need  not  recapitulate  the  familiar  evidence  to  prove  that 
gases  and  many  liquids  when  placed  in  communication  interpenetrate  or 
diffuse  into  each  other  ;  or  that  air,  in  contact  with  a  surface  of  water, 
gradually  becomes  laden  with  water  vapour,  while  the  atmospheric  gases 
in.  turn  mingle  with  the  water.  Such  phenomena  are  not  exhibited  by 
liquids  and  gases  alone,  nor  by  solids  at  high  temperatures  only.  Sir  W. 
Roberts  Austen  has  placed  pieces  of  gold  and  lead  in  contact  at  a  tem- 
perature of  18°  C.  After  four  years  the  gold  had  travelled  into  the  lead 
to  such  an  extent  that  not  only  were  the  two  metals  united,  but,  on 
analysis,  appreciable  quantities  of  the  gold  were  detected  even  at  a  dis- 
tance of  more  than  5  millimetres  from  the  common  surface,  while  within  a 
distance  of  three-quarters  of  a  millimetre  from  the  surface  gold  had 
penetrated  into  the  lead  to  the  extent  of  1  oz.  6  dwts.  per  ton,  an  amount 
which  could  have  been  profitably  extracted. 

Whether  it  is  or  is  not  possible  to  devise  any  other  intelligible  account 
of  the  cause  of  such  phenomena,  it  is  certain  that  a  simple  and  adequate 
explanation  is  found  in  the  hypothesis  that  matter  consists  of  discrete 
parts  in  a  state  of  motion,  which  can  penetrate  into  the  spaces  between 
the  corresponding  parts  of  surrounding  bodies. 

The  hypothesis  thus  framed  is  also  the  only  one  which  affords  a  rational 
explanation  of  other  simple  and  well  known  facts.  If  matter  is  regarded 
as  a  continuous  medium  the  phenomena  of  expansion  are  unintelligible. 
There  is,  apparently,  no  limit  to  the  expansion  of  matter,  or,  to  fix  our 
attention  on  one  kind  of  matter,  let  us  say  to  the  expansion  of  a  gas  ;  but 
it  is  inconceivable  that  a  continuous  material  which  fills  or  is  present  in 
every  part  of  a  given  space  could  also  be  present  in  every  part  of  a  space 
a  million  times  as  groat.  Such  a  statement  might  be  made  of  a  mathe- 
matical abstraction  ;  it  cannot  be  true  of  any  real  substance  or  thing. 
If,  however,  matter  consists  of  discrete  particles,  separated  from  each 
other  either  by  empty  space  or  by  something  different  from  themselves, 
we  can  at  once  understand  that  expansion  and  contraction  may  be  nothing 
more  than  the  mutual  separation  or  approach  of  these  particles. 

Again,  no  clear  mental  picture  can  be  formed  of  the  phenomena  of 
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heat  unless  we  suppose  that  heat  is  a  mode  o!  motion.  In  the  words  of 
Rumford,  it  is  '  extremely  difficult,  if  not  quite  impossible,  to  form  any 
distinct  idea  of  anything  capable)  of  being  excited  and  communicated  in 
the  manner  the  heat  was  excited  and  communicated  in  [his]  experiment 
[on  friction]  except  it  be  motion/  l  And  if  heat  be  motion  there  can  bo 
no  doubt  that  it  is  the  fundamental  particles  of  matter  which  arc  moving. 
For  the  motion  is  not  visible,  is  not  motion  of  the  body  as  a  whole,  whilo 
diffusion,  which  is  a  movement  of  matter,  goes  on  more  quickly  as  the 
temperature  rises,  thereby  proving  that  the  internal  motions  have  become 
more  rapid,  which  is  exactly  the  result  which  would  follow  if  these  were 
the  movements  which  constitute  sensible  heat. 

Combining,  then,  the  phenomena  of  diffusion,  expansion,  ;ind  heat,  it  is 
not  too  much  to  say  that  no  hypotheses  which  make  them  intelligible  have 
ever  been  framed  other  than  those  which  are  at  the  basis  of  the  atomic 
theory. 

Other  considerations  also  point  to  the  same  conclusion.  Many  years 
ago  Lord  Kelvin  gave  independent  arguments,  based  on  the  proper- 
ties of  gases,  on  the  Constitution  of  the  surfaces  of  liquids,  and  on  the 
electric  properties  of  metals,  all  of  which  indicate  that  matter  is,  to  use 
his  own  phrase,  coarse-grained — that  it  is  not  identical  in  constitution 
throughout,  but  that  adjacent  minute  parts  are  distinguishable  from  each 
other  by  being  either  of  different  natures  or  in  different  states 

And  here  it  is  necessary  to  insist  that  all  these  fundamental  proofs 
are  independent  of  the  nature  of  the  partirlos  or  granules  into  which 
matter  must  be  divided. 

The  particles,  for  instance,  need  not  be  different  in  kind  from  the 
medium  which  surrounds  and  separates  them.  It  would  suffice  if  they 
were  what  may  be  called  singular  parts  of  the  medium  itself,  differing 
from  the  rest  only  in  some  peculiar  state  of  internal  motion  or  of  distor 
tion,  or  by  being  in  some  other  way  earmarked  as  distinct  individuals. 
The  view  that  the  constitution  of  matter  is  atomic  may  and  does  receive 
support  from  theories  in  which  definite  assumptions  are  made  as  to  the 
constitution  of  the  atoms  ;  but  when,  as  is  often  the  case,  these  assump- 
tions introduce  new  and  more  recondite  difficulties,  it  must  be  remem- 
bered that  the  fundamental  hypothesis — that  matter  consists  of  discrete 
parts,  capable  of  independent  motions — is  forced  upon  us  by  facts  and 
arguments  which  are  altogether  independent  of  what  the  nature  and 
properties  of  these  separate  parts  may  be. 

As  a  matter  of  history  the  two  theories,  which  are  not  by  any  means 
mutually  exclusive,  that  atoms  are  particles  which  can  be  treated  as  dis- 
tinct in  kind  from  the  medium  which  surrounds  them,  and  that  they  are 
parts  of  that  medium  existing  in  a  special  state,  have  both  played  a  largo 
part  in  the  theoretical  development  of  the  atomic  hypothesis.  The  atoms 
of  Waters  ton,  Clausius,  and  Maxwell  were  particles.  The  vortei- atoms 

1  Phil  Trans.,  1708,  p.  90. 
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of  Lord  Kelvin,  and  the  strain-atoms  (if  I  may  call  them  so)  suggested 
by  Mr.  Larmor,  are  states  of  a  primary  medium  which  constitutes  a 
physical  connection  between  them,  and  through  which  their  mutual 
actions  arise  and  arc  transmitted. 

Properties  of  the  Basis  of  Matter. 

It  is  easy  to  show  that,  whichever  alternative  be  adopted,  we  are 
dealing  with  something,  whether  we  consider  it  under  the  guise  of  sepa- 
rate particles  or  of  differentiated  portions  of  the  medium,  which  has 
properties  different  from  those  of  matter  in  bulk. 

For  if  the  basis  of  matter  had  the  same  constitution  as  matter,  the 
irregular  heat  movements  could  hardly  be  maintained  either  against  the 
viscosity  of  the  medium  or  the  frittering  away  of  energy  of  motion  which 
would  occur  during  the  collisions  between  the  particles.  Thus,  even  in 
the  case  in  which  a  hot  body  is  prevented  from  losing  heat  to  surrounding 
objects,  its  sensible  heat  should  spontaneously  decay  by  a  process  of  self- 
cooling.  No  such  phenomenon  is  known,  and  though  on  this,  as  on  all  other 
points,  the  limits  of  our  knowledge  arc  fixed  by  the  uncertainty  of  experi- 
ment, we  are  compelled  to  admit  that,  to  all  appearance,  the  fundamental 
medium,  if  it  exists,  is  unlike  a  material  medium,  in  that  it  is  non- viscous ; 
and  that  the  particles,  if  they  exist,  are  so  constituted  that  energy  is  not 
frittered  away  when  they  collide.  In  either  case,  we  are  dealing  with 
something  different  from  matter  itself  in  the  sense  that,  though  it  is  the 
basis  of  matter,  it  is  not  identical  in  all  its  properties  with  matter. 

The  idea,  therefore,  that  entities  exist  possessing  properties  different 
from  those  of  matter  hi  bulk  is  not  introduced  at  the  end  of  a  long  and 
recondite  investigation  to  explain  facts  with  which  none  but  experts  are 
acquainted.  It  is  forced  upon  us  at  the  very  threshold  of  our  study  of 
Nature.  Either  the  properties  of  matter  in  bulk  cannot  be  referred  to 
any  simpler  structure,  or  that  simpler  structure  must  have  properties 
different  from  those  of  matter  in  bulk  as  we  directly  knew  it — properties 
which  can  only  be  inferred  from  the  results  which  they  produce. 

No  a  priori  argument  against  the  possibility  of  our  discovering  the 
existence  of  quasi -material  substances,  which  are  nevertheless  different 
from  matter,  can  prove  the  negative  proposition  that  such  substances 
cannot  exist.  It  is  not  a  self-evident  truth  that  no  substance  other  than 
ordinary  matter  can  have  an  existence  as  real  as  that  of  matter  itself. 
It  is  not  axiomatic  that  matter  cannot  be  composed  of  parts  whose  pro- 
perties are  different  from  those  of  the  whole.  To  assert  that  even  if 
such  substances  and  such  parts  exist  no  evidence  however  cogent  could 
convince  us  of  their  existence  is  to  beg  the  whole  question  at  issue  ;  to 
decide  the  cause  before  it  has  been  heard. 

We  must  therefore  adhere  to  the  standpoint  adopted  by  most  scientific 
men,  viz,,  that  the  question  of  the  existence  of  ultra-physical  entities, 
such  as  atoms  and  the  ether,  is  to  be  settled  by  the  evidence,  and  must  not 
be  ruled  out  as  inadmissible  on  a  priori  grounds, 


ADDRESS.  15 

On  the  other  hand,  it  is  impossible  to  deny  that,  if  the  mere  entry  on 
the  search  for  the  concealed  causes  of  physical  phenomena  is  not  a  tres- 
pass on  ground  we  have  no  right  to  explore,  it  is  at  all  events  the 
beginning  of  a  dangerous  journey. 

The  wraiths  of  phlogiston,  caloric,  luininiferous  corpuscles,  and  a 
crowd  of  other  phantoms  haunt  the  investigator,  and  as  the  grim  host 
vanishes  into  nuihiniriu1^  he  cannot  but  wonder  if  his  own  conceptions  of 
atoms  and  of  the  ether 


And,  like  this  insubstantial  pageant  faded, 
Leave  not  a  wrack  behind.' 

But  though  science,  like  Bunyan's  hero,  has  sometimes  had  to  pass 
through  the  c  Valley  of  Humiliation,'  the  spectres  which  meet  it  there 
are  not  formidable  if  they  are  boldly  faced.  The  facts  that  mistakes 
have  been  made,  that  theories  have  been  propounded,  and  for  a  time 
accepted,  which  later  investigations  have  disproved,  do  not  necessarily 
discredit  the  method  adopted.  In  scientific  theories,  as  in  the  world 
around  us,  there  is  a  survival  of  the  fittest,  and  Dr.  James  Ward's 
unsympathetic  account  of  the  blunders  of  those  whose  work  has  shed 
glory  on  the  nineteenth  century,  might  mutatis  mutandis  stand  for  a 
description  of  the  history  of  the  advance  of  civilisation.  (  The  story  of 
the  progress  so  far,1  he  tells  us,  c  i&  briefly  this  :  Divergence  between 
theory  and  fact  one  part  of  the  way,  the  wreckage  of  abandoned  fictions 
for  the  rest,  with  an  unattainable  goal  of  phenomenal  nihilism  and  ultra- 
physical  mechanism  beyond.7  ! 

'  The  path  of  progress,'  says  Professor  Karl  Pearson,  *  is  strewn  with 
the  wreck  of  nations.  Traces  are  everywhere  to  be  seen  of  the  hecatombs 
of  inferior  races,  and  of  victims  who  found  not  the  narrow  way  to  the 
greater  perfection.  Yet  these  dead  peoples  are,  in  very  truth,  the  step- 
ping-stones on  which  mankind  has  aribcn  to  the  higher  intellectual  and 
deeper  emotional  life  of  to-day.'  - 

It  is  only  necessary  to  add  that  the.  progress  of  society  is  directed 
towards  an  unattainable  goal  of  universal  contentment,  to  make  the 
parallel  complete. 

And  so,  in  the  one  case  as  in  the  other,  we  may  leave  '  the  dead  to 
bury  their  dead.'  The  question  before  us  is  not  whether  we  too  may  not 
be  trusting  to  false  ideas,  erroneous  experiments,  evanescent  theories. 
No  doubt  we  are  ;  but,  without  making  an  insolent  claim  to  bo  better 
than  our  fathers,  we  may  fairly  contend  that,  amid  much  that  is  uncertain 
and  temporary,  some  of  the  fundamental  conceptions,  some  of  the  root- 
ideas  of  science,  are  so  grounded  on  reason  and  fact  that  we  cannot 
but  regard  them  as  an  aspect  of  the  very  truth. 

Enough  has,  perhaps,  now  been  said  on  this  point  for  my  immediate 

1  James  Waid,  Naturalism  and  Agnosticism,  vol.  i.  p.  153. 

9  Karl  Pearson  National  Life  from,  thv  Standpoint  vf  Science,  p.  62. 
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purpose,  me  argument  as  to  the  constitution  of  matter  could  be  de- 
veloped further  in  the  manner  I  have  hitherto  adopted,  viz.,  by  a  series  of 
propositions,  the  proof  of  each  of  which  is  based  upon  a  few  crucial 
phenomena.  In  particular,  if  matter  is  divided  into  moving  granules  or 
particles,  the  phenomenon  of  cohesion  proves  that  there  must  be  mutual 
actions  between  them  analogous  to  those  which  take  place  between  large 
masses  of  matter,  and  which  we  ascribe  to  force,  thereby  indicating  the 
regular,  unvarying  operation  of  active  machinery  which  we  have  not  yet 
the  means  of  adequately  understanding.  For  the  moment,  I  do  not  wish 
to  extend  the  line  of  reasoning  that  has  been  followed.  My  main  object 
is  to  show  that  the  notion  of  the  existence  of  ultra-physical  entities 
and  the  leading  outlines  of  the  atomic  theory  are  forced  upon  us  at  the 
beginning  of  our  study  of  Nature,  not  only  by  a  priori  considerations, 
but  in  the  attempt  to  comprehend  the  results  of  even  the  simplest 
observation.  These  outlines  cannot  be  effaced  by  the  difficulties 
which  undoubtedly  arise  in  filling  up  the  picture.  The  cogency  of 
the  proof  that  matter  is  coarse-grained  is  in  no  way  affected  by  the 
fact  that  we  may  have  grave  doubts  as  to  the  nature  of  the  granules. 
Nay,  it  is  of  the  first  importance  to  recognise  that,  though  the  funda- 
mental assumptions  of  the  atomic  theory  receive  overwhelming  support 
from  a  number  of  more  detailed  arguments,  they  are  themselves  almost  of 
the  nature  of  axioms,  in  that  the  simplest  phenomena  are  uniritelligible  if 
they  are  abandoned. 

The  Range  of  the  Atomic  Theory. 

Tt  would  be  most  unfair,  however,  to  the  atomic  theory  to  represent 
it  as  depending  on  one.  line  of  reasoning  only,  or  to  treat  its  evidence 
as  bounded  by  the  very  general  propositions  I  have  discussed. 

It  is  true  that  as  the  range  of  the  theory  is  extended  the  fundamental 
conception  that  matter  is  granular  must  be  expanded  and  filled  in  by 
supplementary  hypotheses  as  to  the  constitution  of  the  granules.  It  may 
also  be  admitted  that  no  complete  or  wholly  satisfactory  description  of 
that  constitution  can  as  yet  be  given  ;  that  perfection  has  not  yet  been 
attained  here  or  in  any  other  branch  of  science  ;  but  the  number  of  facts 
which  can  be  accounted  for  by  the  theory  is  very  large  compared  with  the 
number  of  additional  hypotheses  which  are  introduced  ;  and  the  cumula- 
tive weight  of  the  additional  evidence  obtained  by  the  study  of  details 
is  such  as  to  add  greatly  to  the  strength  of  the  conviction  that,  in  its 
leading  outlines,  the  theory  is  true. 

It  was  originally  suggested  by  the  facts  of  chemistry,  and  though,  as 
we  have  seen,  a  school  of  chemists  now  thrusts  it  into  the  background,  it 
is  none  the  less  true,  in  the  words  of  Dr.  Thorpe,  th'at  '  every  great 
advance  in  chemical  knowledge  during  the  last  ninety  years  finds  its 
interpretation  in  [Dalton's]  theory/ l 

The  principal  mechanical  and  thermal  properties  of  gases  have  been 

1  Thorps,  Essays  on  Historical  Chemistry,  1894,  p.  368. 
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explained,  and  in  large  part  discovered,  by  the  aid  of  the  atomic  theory  ; 
and,  though  there  are  outstanding  difficulties,  they  are,  for  the  most  part, 
related  to  the  nature  of  the  atoms  and  molecules,  and  do  not  affect  the 
question  as  to  whether  they  exist. 

The  fact  that  different  kinds  of  light  all  travel  at  the  same  speed  in 
interplanetary  space,  while  they  move  at  different  rates  in  matter,  is 
explained  if  matter  is  coarse-grained.  But  to  attempt  to  sum  up  all 
this  evidence  would  be  to  recite  a  text-book  on  physics.  It  must  suffice 
to  say  that  it  is  enormous  in  extent  and  varied  in  character,  and  that  the 
atomic  theory  imparts  a  unity  to  all  the  physical  sciences  which  has  been 
attained  in  no  other  way. 

I  must,  however,  give  a  couple  of  instances  of  the  wonderful  success 
which  has  been  achieved  in  the  explanation  of  physical  phenomena  by  the 
theory  we  are  considering,  and  I  select  them  because  they  are  in  harmony 
with  the  line  of  argument  I  have  been  pursuing. 

When  a  piece  of  iron  is  magnetised  its  behaviour  is  different  according 
as  the  magnetic  force  applied  to  it  is  weak,  moderate,  or  strong.  When 
a  certain  limit  is  passed  the  iron  behaves  as  a  non-magnetic  substance  to 
all  further  additions  of  magnetic  force.  With  strong  forces  it  does  and 
with  very  weak  forces  it  does  not  remain  magnetised  when  the  force 
ceasos  to  act.  Professor  Ewing  has  imitated  all  the  minute  details  of 
these  complicated  properties  by  an  arrangement  of  small  isolated  compass 
needles  to  represent  the  molecules.  It  may  fairly  be  said  that  as  far  as 
this  particular  set  of  phenomena  is  concerned  a  most  instructive  working 
model  based  on  the  molecular  theory  has  not  only  been  imagined  but 
constructed. 

The  next  illustration  is  no  less  striking.  We  may  liken  a  crowd  of 
molecules  to  a  fog  ;  but  while  the  fog  is  admitted  by  everybody  to  be 
made  up  of  separate  globules  of  water,  the  critics  of  scientific  method  are 
sometimes  apt  to  regard  the  molecules  as  mere  fictions  of  the  imagination. 
If,  however,  we  could  throw  the  molecules  of  a  highly  rarefied  gas  into 
such  a  state  that  vapour  condensed  on  them,  so  that  each  became  the 
centre  of  a  water-drop,  till  the  host  of  invisible  molecules  was,  as  it 
wer,e,  magnified  by  accretion  into  a  visible  mist,  surely  no  stronger  proof 
of  their  reality  could  be  desired.  .  Yet  there  is  every  reason  to  believe 
that  something  very  like  this  has  been  accomplished  by  Mr.  C.  T.  R. 
Wilson  and  Professor  J.  J.  Thomson. 

It  is  known  that  it  is  comparatively  difficult  to  produce  a  fog  in  damp 
air  if  the  mixture  consists  of  air  and  water-vapour  alone.  The  presence 
of  particles  of  very  fine  dust  facilitates  the  process.  It  is  evident  that  the 
vapour  condenses  on  the  dust  particles  and  that  a  nucleus  of  some  kind  is 
necessary  on  which  each  drop  may  form.  But  electriBed  particles  also 
act  as  nuclei  ;  for  if  a  highly  charged  body  from  which  electricity  is 
escaping  be  placed  near  a  steam  jet,  the  steam  condenses  ;  and  a  cloud  is 
also  formed  in  dust  free  air  more  easily  than  would  otherwise  be  the  case 
if  electricity  is  discharged  into  it. 
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Again,  according  to  accepted  theory,  when  a  current  of  electricity 
flows  through  a  gas  some  of  the  atoms  are  divided  into  parts  which 
carry  positive  and  negative  charges  as  they  move  in  opposite  directions, 
and  unless  this  breaking-up  occurs  a  gas  does  not  conduct  electricity. 
But  a  gas  can  be  made  a  conductor  merely  by  allowing  the  Rontgen  rays 
or  the  radiation  given  off  by  uranium  to  fall  upon  it.  A  careful  study  of 
the  facts  shows  that  it  is  probable  that  some  of  the  atoms  have  been 
broken  up  by  the  radiation,  and  that  their  oppositely  electrified  parts  are 
scattered  among  their  unaltered  fellows.  Such  a  gas  is  said  to  be 
ionised. 

Thus  by  these  two  distinct  lines  of  argument  we  come  to  the  conclu-* 
sions  : — 1st,  that  the  presence  of  electrified  particles  promotes  the  forma- 
tion of  mist,  and  2nd,  that  in  an  ionised  gas  such  electrified  particles  are 
provided  by  the  breaking  up  of  atoms. 

The  two  conclusions  will  mutually  support  each  other  if  it  can  be 
shown  that  a  mist  is  easily  formed  in  ionised  air.  This  was  tested  by 
Mr.  Wilson,  who  showed  that  in  such  air  mist  is  formed  as  though  nuclei 
were  present,  and  thus  in  the  cloud  we  have  visible  evidence  of  the 
presence  of  the  divided  atoms.  If  then  we  cannot  handle  the  indi- 
vidual molecules  we  have  at  least  some  reason  to  believe  that  a  method 
is  known  of  seizing  individuals,  or  parts  of  individuals,  which  are  in  a 
special  state,  and  of  wrapping  other  matter  round  them  till  each  one  is 
the  centre  of  a  discrete  particle  of  a  visible  fog. 

I  have  purposely  chosen  this  illustration,  because  the  explanation  is 
based  on  a  theory — that  of  ionisation — which  is  at  present  subjected  to 
hostile  criticism.  It  assumes  that  an  electrical  current  is  nothing  more 
than  the  movement  of  charges  of  electricity.  But  magnets  placed  near 
to  an  electric  current  tend  to  set  themselves  at  right  angles  to  its  direc- 
tion ;  a  fact  on  which  the  construction  of  telegraphic  instruments  is  based. 
Hence  if  the  theory  be  true,  a  similar  effect  ought  to  be  produced  by  a 
moving  charge  of  electricity.  This  experiment  was  tried  many  years  ago 
in  the  laboratory  of  Helmholtz  by  Rowland,  who  caused  a  charged  disc 
to  spin  rapidly  near  a  magnet.  The  result  was  in  accord  with  thu  theory  ; 
the  magnet  moved  as  'hough  acted  upon  by  an  electric  current.  Of  late, 
however,  M.  Cremieu  has  investigated*  the  matter  afresh,  and  has  obtained 
results  which,  according  to  his  interpretation,  wore  inconsistent  with  that 
of  Rowland. 

M.  Cre*mieu's  results  are  already  the  subject  of  controversy,1  and  are, 
I  believe,  likely  to  be  discussed  in  the  Section  of  Physics.  This  is  not  the 
occasion  to  enter  upon  a  critical  discussion  of  the  question' at  issue,  and  I 
refer  to  it  only  to  point  out  that  though,  if  M.  Cremieu's  result  were 
upheld,  our  views  as  to  electricity  would  have  to  be  modified,  the  founda- 
tions of  the  atomic  theory  would  not  be  shaken. 

1  See  Phil.  May.)  July  1901,  p.  144  ;  and  Johns  Ifnpltins  University  Circular*, 
xx.  No.  162,  May-June  1901,  p.  78. 
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It  is,  however,  from  the  theory  of  ions  that  the  most  far-reaching 
speculations  of  science  have  recently  received  unexpected  support.  The 
dream  that  matter  of  all  kinds  will  some  day  be  proved  to  he  funda- 
mentally the  same  has  survived  many  shocks.  The  opinion  is  consistent 
with  the  great  generalisation  that  the  properties  of  elements  are  a 
periodic  function  of  their  atomic  weights.  Sir  Norman  Lockyer  has 
long  been  a  prominent  exponent  of  the  view  that  the  spectra  of  the 
stars  indicate  the  reduction  of  our  so-called  elements  to  simpler  forms, 
and  now  Professor  J.  J.  Thomson  believes  that  wo  can  break  off  from  an 
atom  a  part,  the-mass  of  which  is  not  more  than  one  thousandth  of  the 
whole,  and  that  these  corpuscles,  as  he  has  named  them,  are  the  carriers 
of  the  negative  charge  in  an  electric  current.  If  atoms  .are  thu^ 
complex,  not  only  is  the  a  jrriori  probability  increased  that  the  different 
structures  which  we  call  elements  may  all  be  built  of  similar  bricks,  but 
the  discovery  by  Lenard  that  tho  ease  with  which  the  corpuscles 
penetrate  different  bodies  depends  only  on  the  density  of  the  obstacles, 
and  not  on  their  chemical  constitution,  is  held  by  Professor  Thomson  to 
be  '  a  strong  confirmation  of  the  view  that  the  atoms  of  the  elementary 
substances  are  made  up  of  simpler  parts,  all  of  which  are  alike.'1  On 
the  present  occasion,  however,  we  are  occupied  rather  with  tin*  foundations 
than  with  these  ultimate  ramification*  of  the  atomic  theory  :  and  having 
shown  how  wide  its  range  is,  T  must,  to  a  certain  extent,  retrace  my  steps 
and  return  to  the  main  line  of  my  argument. 


of  A  foma  tun 

For  if  it  be  granted  that  the  evidence  that  matter  is  coarse-grained 
and  is  formed  of  separate  atoms  and  molecules  is  too  strong  to  be  resisted, 
it  may  still  bo  contended  that  we  can  know  little  or  nothing  of  the  sizes 
and  properties  of  the  molecules. 

It  must  be  admitted  that  though  the  fundamental  postulates  are 
always  the  same,  different  aspects  of  the  theory,  which  have  not  in  all 
cases  been  successfully  combined,  have  to  be  developed  when  it  is  applied 
to  different  problems  ;  but  in  spite  of  this  there  is  little  doubt  that  we 
have  some  fairly  accurate  knowledge  of  molecular  motions  and  magni- 
tudes. 

If  a  liquid  is  stretched  into  a  very  thin  film,  such  as  a  soap  bubble, 
we  should  expect  indications  of  a  change  in  its  properties  when  the 
thickness  of  the  film  is  not  a  very  large  multiple  of  the  a\  erage  distance 
between  two  neighbouring  molecules.  In  1890  Solmcke  -  detected  evi- 
dence of  such  a  change  in  films  of  tho  average  thickness  of  106  millionth.? 

1  For  the  most  recent  account  of  this  subject  sec  an  article  on  «  Bodies  smaller 
than  Atoms,'  by  Professor  J.  J.  Thomson  in  the  Popular  Science  Mont  My  (The 
Science  Press),  August  1901. 

*  Wied.  Ann,,  1890,  xl.  pp,  345-355, 
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of  a  millimetre  (/iju),  and  quite  recently  Rudolph  Weber  found  it  in  an 
oil-film  when  the  thickness  was  115  pp.1 

Taking  the  mean  of  these  numbers  and  combining  the  results  of 
different  variants  of  the  theory  we  may  conclude  that  a  film  should 
become  unstable  and  tend  to  rupture  spontaneously  somewhere  between 
the  thicknesses  of  110  and  55  pp,  and  Professor  Remold  and  I  found 
by  experiment  that  this  instability  is  actually  exhibited  between  the 
thicknesses  of  96  and  45  pp.*  There  can  therefore  be  little  doubt  that 
the  first  approach  to  molecular  magnitudes  is  signalled  when  the  thick- 
ness of  a  film  is  somewhat  less  than  100  pp,  or  4  millionths  of  an  inch. 

Thirteen  years  ago  I  had  the  honour  of  laying  before  the  Chemical 

Society  a  resume*  of  what  was  then  known  on  these  subjects,3  and  I  must 

refer  to  that  lecture  or  to  the  most  recent  edition  of  O.  E.  Meyer's  work 

on  the  kinetic  theory  of  gases  4  for  the  evidence  that  various  independent 

lines  of  argument  enable  us  to  estimate  quantities  very  much  less  than 

4  millionths  of  an  inch,  which  is  perhaps  from  500  to  1,000  times  greater 

than  the  magnitude  which,  in  the  present  state  of  our  knowledge,  we  can 

best  describe  as  the  diameter  of  a  molecule. 

Confining  our  attention,  however,  to  the  larger  quantities,  T  will 
give  one  example  to  show  how  strong  is  the  cumulative  force  of  the 
evidence  as  to  our  knowledge  of  the  magnitudes  of  molecular  quantities. 

We  have  every  reason  to  believe  that  though  the  molecules  in  a  gas 
frequently  collide  with  each  other,  yet  in  the  case  of  the  more  perfect 
gases  the  time  occupied  in  collisions  is  small  compared  with  that  in  which 
each  molecule  travels  undisturbed  by  its  fellows.  The  average  distance 
travelled  between  two  successive  encounters  is  called  the  mean  free  path, 
and,  for  the  reason  just  given,  the  question  of  the  magnitude  of  this 
distance  can  be  attacked  without  any  precise  knowledge  of  what  a  mole- 
cule is,  or  of  what  happens  during  an  encounter. 

Thus  the  mean  free  path  can  be  determined,  by  the  aid  of  the  theory, 
either  from  the  viscosity  of  the  gas  or  from  the  thermal  conductivity. 
Using  figures  given  in  the  latest  work  on  the  subject,5  and  dealing  with 
one  gas  only,  as  a  fair  sample  of  the  rest,  the  lengths  of  the  mean  free 
path  of  hydrogen  as  determined  by  these  two  independent  methods  differ 
only  by  about  3  per  cent.  Further,  the  mean  of  the  values  which  I 
gave  in  the  lecture  already  referred  to  differed  only  by  about  6  per 
cent,  from  the  best  modern  result,  so  that  no  great  change  has  been  intro- 
duced during  the  last  thirteen  years. 

It  may,  however,  be  argued  that  these  concordant  values  are  all 
obtained  by  means  of  the  same  theory,  and  that  a  common  error  may 
affect  them  all.  In  particular,  some  critics  have  of  late  been  inclined  to 

1  Annalen  der  Physik,  1901,  iv.  pp.  706-721. 

2  Phil.  Tram.,  1893,  184,  pp.  505-521). 

*  Chem.  Soc.  Trans,,  liii.,  March  1888,  pp.  222-262. 

4  Kinetic  Tlieory  of  Gases,  0.  E.  Meyer,  1899.     Translated  by  R.  E.  Baynes. 

6  Meyer's  Kinetic  Theory  of  Gase*  (see  above). 
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discredit  the  atomic  theory  by  pointing  out  that  the  strong  statements 
which  have  sometimes  been  made  as  to  the  equality,  among  themselves, 
of  atoms  or  molecules  of  the  same  kind  may  not  be  justified,  as  the 
equality  may  be  that  of  averages  only,  and  be  consistent  with  a  consider- 
able variation  in  the  sizes  of  individuals. 

Allowing  this  argument  more  weight  than  it  perhaps  deserves,  it  is 
easy  to  show  that  it  cannot  affect  seriously  our  knowledge  of  the  length 
of  the  mean  free  path. 

Professor  George  Darwin  ]  has  handled  the  problem  of  a  mixture  of 
unequal  spherical  bodies  in  the  particular  case  in  which  the  sizes  are 
distributed  according   to  the  law   of  errors,   which  would  involve  far 
greater  inequalities  than  can  occur  among  atoms.     Without  discussing 
the  precise  details  of  his  problem  it  is  sufficient  to  say  that  in  the  case 
considered  by  him    the  length  of  the  mean  free  path  is  T7T  of  what  it 
would  be  if  the  particles  were  equal.     Hence  were  the  inequalities  of 
atoms  as  great  as  in  this  extreme  case,  the  reduction  of  the  mean  free 
path  in  hydrogen  could  only  be  from  185  to  110  pp.  ;  but  they  must  be 
far  less,  and  therefore  the  error,    if   any,    due  to  this   cause   could   not 
approach  this  amount.     It  is  probably  inappreciable. 

Such  examples  might  be  multiplied,  but  the  one  T  have  selected  is 
perhaps  sufficient  to  illustrate  my  point,  viz.,  that  considerable  and  fairly 
accurate  knowledge  can  be  obtained  as  to  molecular  quantities  by  the  aid 
of  theories  the  details  of  which  are  provisional,  and  are  admittedly 
capable  of  improvement. 

Is  tli?  Mod*>l  Unique  ? 

But  the  argument  that  a  correct  result  may  sometimes  be  obtained  by 
reasoning  on  imperfect  hypotheses  raises  the  question  as  to  whether 
another  danger  may  not  be  imminent.  To  be  satisfactory  our  model 
of  Nature  must  be  unique,  and  it  must  be  impossible  to  imagine  any  other 
which  agrees  equally  well  with  the  facts  of  expei'iment.  If  a  large 
number  of  hypotheses  could  be  framed  with  equal  claims  to  validity,  that 
fact  would  alone  raise  grave  doubts  as  to  whether  it  were  possible  to 
distinguish  between  the  true  and  the  false.  Thus  Professor  Poincare  has 
shown  that  an  infinite  number  of  dynamical  explanations  can  be  found 
for  any  phenomenon  which  satisfies  certain  conditions.  But  though  this 
consideration  warns  us  against  the  too  ready  acceptance  of  explanations 
of  isolated  phenomena,  it  has  no  weight  against  a  theory  which  embraces 
so  vast  a  number  of  facts  as  those  included  by  the  atomic  theory.  It  does 
not  follow  that,  because  a  number  of  solutions  are  all  formally  dynamical, 
they  are  therefore  all  equally  admissible.  The  pressure  of  a  gas  may  be 
explained  as  the  result  of  a  shower  of  blows  delivered  by  molecules,  or  by 
a  repulsion  between  the  various  parts  of  a  continuous  medium.  Both 
solutions  are  expressed  in  dynamical  language  ;  but  one  is,  and  the  other 

1  Phil.  Trans.,  180. 
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is  not,  compatible  with  the  observed  phenomena  of  expansion.  The 
atomic  theory  must  hold  the  field  until  another  can  be  found  which  is  not 
inferior  as  an  explanation  of  the  fundamental  difficulties  as  to  the  consti- 
tution of  matter,  and  is,  at  the  same  time,  not  less  comprehensive. 

On  the  whole,  then,  the  question  as  to  whether  we  are  attempting  to 
solve  a  problem  which  has  an  infinite  number  of  solutions  may  be  put 
aside  until  one  solution  has  been  found  which  is  satisfactory  in  all  its 
details.  We  are  in  a  sufficient  difficulty  about  that  to  make  the  rivalry 
of  a  second  of  the  same  type  very  improbable. 

The  Phenomena  of  Life. 

But  it  may  be  asked— nay,  it  has  been  asked — may  not  the  type  of 
our  theories  be  radically  changed  ?  If  this  question  does  not  merely  imply 
a  certain  distrust  in  our  own  powers  of  reasoning,  it  should  be  supported 
by  some  indication  of  the  kind  of  change  which  is  conceivable. 

Perhaps  the  chief  objection  whicli  can  be  brought  against  physical 
!  heories  is  that  they  deal  only  with  the  inanimate  side  of  Nature,  and 
largely  ignore  the  phenomena  of  life.  Tt  is  therefore  in  this  direction,  if 
in  any,  that  a  change  of  type  may  be  expected.  I  do  not  propose  to  enter 
at  length  upon  so  difficult  a  question,  but,  however  we  may  explain  or 
explain  away  the  characteristics  of  life,  the  argument  for  the  truth  of  the 
atomic  theory  would  only  be  affected  if  it  could  be  shown  that  living 
matter  does  not  possess  the  thermal  and  mechanical  properties,  to  account 
for  which  the  atomic  theory  has  been  framed.  This  is  so  notoriously  not 
the  case  that  there  is  the  gravest  doubt  whether  life  can  iii  any  way  inter- 
fere with  the  action  within  the  organism  of  the  laws  of  matter  in  bulk 
belonging  to  the  domain  of  mechanics,  physics,  and  chemistry. 

Probably  the  most  cautious  opinion  that  could  now  bo  expressed  on 
this  question  is  that,  in  spite  of  some  outstanding  difficulties  which  have 
recently  given  rise  to  what  is  called  Neovitalism,  there  is  no  conclusive 
evidence  that  living  matter  can  suspend  or  modify  any  of  the  natural  laws 
which  would  affect  it  if  it  were  to  cease  to  live.  It  is  possible  that  though 
subject  to  these  laws  the  organism  while  living  may  be  able  to  employ,  or 
even  to  direct,  their  action  within  itself  for  its  own  benefit,  just  as  it  un- 
questionably does  make  use  of  the  processes  of  external  nature  for  its 
own  purposes  ;  but  if  this  be  so,  the  seat  of  the  controlling  influence  is  so 
withdrawn  from  view  that  on  the  one  hand  its  very  existence  may  be 
denied,  while,  on  the  other  hand,  Professor  Hseckcl,  following  Vogt,  has 
recently  asserted  that  c  matter  and  ether  are  not  dead,  and  only  moved  by 
extrinsic  force ;  but  they  are  endowed  with  sensation  and  will ;  they 
experience  an  inclination  for  condensation,  a  dislike  for  strain ;  they 
strive  after  the  one  and  struggle  against  the  other.' } 

But  n either  unproved  assertions  of  this  kind  nor  the  more  refined 
attempts  that  have  been  made  by  others  to  bring  the  phenomena  of  life 

1  Riddle  of  tlie  Universe  (English  translation),  1900,  p.  380, 
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and  of  dead  matter  under  a  common  formula  touch  the  evidence  for  the 
atomic  theory.  The  question  as  to  whether  matter  consists  of  elements 
capable  of  independent  motion  is  prior  to  and  independent  of  the 
further  questions  as  to  what  these  elements  are,  and  whether  they  are 
alive  or  dead. 

The  physicist,  if  he  keeps  to  his  business,  asserts,  as  the  bases  of 
the  atomic  theory,  nothing  more  than  that  he  who  declines  to  admit 
that  matter  consists  of  separate  moving  parts  must  regard  many  of  the 
simplest  phenomena  as  irreconcilable  and  unintelligible,  in  spite  of  the 
fact  that  means  of  reconciling  them  are  known  to  everybody,  in  spite 
of  the  fact  that  the  reconciling  theory  gives  a  general  correlation  of  an 
enormous  number  of  phenomena  in  every  branch  of  science,  and  that  the 
outstanding  difficulties  are  connected,  not  so  much  with  the  fundamental 
hypotheses  that  matter  is  composed  of  distinguishable  entities  which  are 
capable  of  separate  motions  as  with  the  much  more  difficult  problem  of 
what  these  entities  are. 

On  these  grounds  the  physicist  may  believe  that,  though  he  cannot 
handle  or  see  them,  the  atoms  and  molecules  are  as  real  as  the  ice 
crystals  in  a  cirrus  cloud  which  he  cannot  reach  ;  as  real  as  the  unseen 
members  of  a  meteoric  swarm  whose  death-glow  is  lost  in  the  sunshine,  or 
which  sweep  past  us,  unentangled,  in  the  night. 

If  the  confidence  that  his  methods  are  weapons  with  which  he  can 
fight  his  way  to  the  truth  were  taken  from  the  scientific  explorer,  the 
paralysis  which  overcomes  those  who  believe  that  they  are  engaged  in  a 
hopeless  task  would  fall  upon  him. 

Physiology  has  specially  flourished  since  p'hy biologists  have  believed 
that  it  is  possible  to  master  the  physics  and  chemistry  of  the  framework 
of  living  things,  and  since  they  have  abandoned  the  attitude  of  those  who 
placed  in  the  foreground  the  doctrine  of  the  vital  force.  To  supporters  of 
that  doctrine  the  principle  of  life  was  not  a  hidden  directing  power  which 
could  perhaps  whisper  an  order  that  the  flood-gates  of  reservoirs  of  energy 
should  now  be  opened  and  now  closed,  and  could,  at  the  most,  work  only 
under  immutable  conditions  to  which  the  living  and  the  dead  must  alike 
submit.  On  the  contrary,  their  vital  force  pervaded  the  organism  in  all 
its  parts.  It  was  an  active  and  energetic  opponent  of  the  laws  of  physics 
and  chemistry.  It  maintained  its  own  existence  not  by  obeying  but  by 
defying  them  ;  and  though  destined  to  be  finally  overcome  in  the  separate 
campaigns  of  which  each  individual  living  creature  is  the  scene,  yet  like 
some  guerilla  chieftain  it  was  defeated  here  only  to  reappear  there  with 
unabated  confidence  and  apparently  undiminished  force. 

This  attitude  of  mind  checked  the  advance  of  knowledge.  Difficulty 
could  be  evaded  by  a  verbal  formula  of  explanation  which  in  fact  ex- 
plained nothing.  If  the  mechanical,  or  physical,  or  chemical  causes  of  a 
phenomenon  did  not  lie  obviously  upon  the  surface,  the  investigator  was 
tempted  to  forego  the  toil  of  searching  for  them  below  ;  it  was  easier  to 
say  that  the  vital  force  was  the  cause  of  the  discrepancy,  and  that  it  was 
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hopeless  to  attempt  to  account  for  the  action  of  a  principle  which  was 
incomprehensible  in  its  nature. 

For  the  physicist  the  danger  is  no  less  serious  though  it  lies  in  a  some- 
what different  direction.  At  present  he  is  checked  in  his  theories  by  the 
necessity  of  making  them  agree  with  a  comparatively  small  number  of 
fundamental  hypotheses.  If  this  check  were  removed  his  fancy  might  run 
riot  in  the  wildest  speculations,  which  would  be  held  to  be  legitimate  if 
only  they  led  to  formulae  in  harmony  with  facts.  But  the  very  habit  of 
regarding  the  end  as  everything,  and  the  means  by  which  it  was  attained 
as  unimportant,  would  prevent  the  discovery  of  those  fragments  of  truth 
which  can  only  be  uncovered  by  the  painful  process  of  trying  to  make 
inconsistent  theories  agree,  and  using  all  facts,  however  remote,  as  the 
tests  of  our  central  generalisation. 

*  Science,'  said  Helmholtz,  *  Science,  whose  very  object  it  is  to  compre- 
hend Nature,  must  start  with  the  assumption  that  Nature  is  comprehen- 
sible.' And  again  :  '  The  first  principle  of  the  investigator  of  Nature  is  to 
assume  that  Nature  is  intelligible  to  us,  since  otherwise  it  would  be  foolish 
to  attempt  the  investigation  at  all.'  These  axioms  do  not  assume  that  all 
the  secrets  of  the  universe  will  ultimately  be  laid  bare,  but  that  a  search 
for  them  is  hopeless  if  we  undertake  the  quest  with  the  conviction  that  it 
will  be  in  vain.  As  applied  to  life  they  do  not  deny  that  in  living  matter 
something  may  be  hidden  which  neither  physics  nor  chemistry  can  explain, 
but  they  assert  that  the  action  of  physical  and  chemical  forces  in  living  bodies 
can  never  be  understood,  if  at  every  difficulty  and  at  every  check  in  our 
investigations  we  desist  from  further  attempts  in  the  belief  that  the  laws 
of  physics  and  chemistry  have  been  interfered  with  by  an  incomprehensible 
vital  force.  As  applied  to  physics  and  chemistry  they  do  not  mean  that 
all  the  phenomena  of  life  and  death  will  ultimately  be  included  in  some 
simple  and  self-sufficing  mechanical  theory  ;  they  do  mean  that  we  arc  not 
to  sit  down  contented  with  paradoxes  such  as  that  the  same  thing  can 
fill  both  a  large  space  and  a  little  one  ;  that  matter  can  act  where  it  is 
not,  and  the  like,  if  by  some  reasonable  hypothesis,  capable  of  being 
tested  by  experiment,  we  can  avoid  the  acceptance  of  these  absurdities. 
Something  will  have  been  gained  if  the  more  obvious  difficulties  are 
removed,  even  if  we  have  to  admit  that  in  the  background  there  is  much 
that  we  cannot  grasp. 

The  Limits  of  Physical  Theories. 

And  this  brings  me  to  my  last  point.  It  is  a  mistake  to  treat  physical 
theories  in  general,  and  the  atomic  theory  in  particular,  as  though  they 
were  parts  of  a  scheme  which  has  failed  if  it  leaves  anything  unexplained, 
which  must  be  carried  on  indefinitely  on  exactly  the  same  principles, 
whether  the  ultimate  results  are,  or  are  not,  repugnant  to  common  sense. 

Physical  theories  begin  at  the  surface  with  phenomena  which  directly 
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affect  our  senses.  When  they  are  used  in  the  attempt  to  penetrate  deeper 
into  the  secrets  of  Nature  it  is  more  than  probable  that  they  will  meet 
with  insuperable  barriers,  but  this  fact  does  not  demonstrate  that  the 
fundamental  assumptions  are  false,  and  the  question  as  to  whether  any 
particular  obstacle  will  be  for  ever  insuperable  can  rarely  be  answered 
with  certainty. 

Those  who  belittle  the  ideas  which  have  of  late  governed  the  advance 
of  scientific  theory  too  often  assume  that  there  is  no  alternative  between 
the  opposing  assertions  that  atoms  and  the  ether  are  mere  figments  of  the 
scientific  imagination,  or  that,  on  the  other  hand,  a  mechanical  theory  of 
the  atoms  and  of  the  ether,  which  is  now  confessedly  imperfect,  would,  if 
it  could  be  perfected,  give  us  a  full  and  adequate  representation  of  the 
underlying  realities. 

For  my  own  part  I  believe  that  there  is  a  via  media. 

A  man  peering  into  a  darkened  room,  and  describing  what  he  thinks 
he  sees,  may  be  right  as  to  the  general  outline  of  the  objects  he  discerns, 
wrong  as  to  their  nature  and  their  precise  forms.  In  his  description  fact 
and  fancy  may  be  blended,  and  it  may  be  difficult  to  say  where  the  one 
ends  and  the  other  begins  ;  but  even  the  fancies  will  not  be  worthless  if 
they  are  based  on  a  fragment  of  truth,  which  will  prevent  the  explorer 
from  walking  into  a  looking-glass  or  stumbling  over  the  furniture.  He 
who  saw  '  men  as  trees  walking  '  had  at  least  a  perception  of  the  funda- 
mental fact  that  something  was  in  motion  around  him. 

And  so,  at  the  beginning  of  the  twentieth  century,  we  are  neither 
forced  to  abandon  the  claim  to  have  penetrated  below  the  surface  of 
Nature,  nor  have  we,  with  all  our  searching,  torn  the  veil  of  mystery 
from  the  world  around  us. 

The  range  of  our  speculations  is  limited  both  in  space  and  time  :  in 
space,  for  we  have  no  right  to  claim,  as  is  sometimes  done,  a  knowledge 
of  the  *  infinite  universe  ' ;  in  time,  for  the  cumulative  effects  of  actions 
which  might  pass  undetected  in  the  short  span  of  years  of  which  we  have 
knowledge,  may,  if  continued  long  enough,  modify  our  most  profound 
generalisations.  If  some  such  theory  as  the  vortex-atom  theory  were 
true,  the  faintest  trace  of  viscosity  in  the  primordial  medium  would  ulti- 
mately destroy  matter  of  every  kind.  It  is  thus  a  duty  to  state  what 
we  believe  we  know  in  the  most  cautious  terms,  but  it  is  equally  a  duty 
not  to  yield  to  mere  vague  doubts  as  to  whether  we  can  know  anything. 

If  no  other  conception  of  matter  is  possible  than  that  it  consists 
of  distinct  physical  units — and  110  other  conception  has  been  formu- 
lated which  does  not  blur  what  are  otherwise  clear  and  definite  out- 
lines— if  it  is  certain,  as  it  is,  that  vibrations  which  cannot  be  propagated 
by  ordinary  matter  travel  through  space,  the  two  foundations  of  physical 
theory  are  well  and  truly  laid.  It  may  be  granted  that  we  have  not  yet 
framed  a  consistent  image  either  of  the  nature  of  the  atoms  or  of  the 
ether  in  which  they  exist ;  but  I  have  tried  to  show  that  in  spite  of  the 


26  REPOBT — 1901. 

tentative  nature  of  some  of  our  theories,  in  spite  of  many  outstanding 
difficulties,  the  atomic  theory  unifies  so  many  facts,  simplifies  so  much 
that  is  complicated,  that  we  have  a  right  to  insist— at  all  events  till  an 
equally  intelligible  rival  hypothesis  is  produced — that  the  main  structure 
of  our  theory  is  true  ;  that  atoms  are  not  merely  helps  to  puzzled  mathe- 
maticians, but  physical  realities. 
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The  Determination  of  the  Components  of  Magnetic  Force  OH  Board 
Ship. — Report  of  the  Committee,  consisting  of  Professor  A.  \V. 
lircKER  (Chairman),  Dr.  C.  H.  LEES  (Secretary),  Lord  KELVIN, 
Professor  A.  SCHUSTER,  Captain  "K.  W.  CREAK,  Professor  W. 
STROUD,  Mr.  C.  VEKNON  BOYS,  and  Mr.  W.  WATSON. 

THE  two  instruments  constructed  a  year  ago,  according  to  Captain 
Croak's  design,  and  described  below  were  tested  at  Kew  and  found 
satisfactory.  They  are  now  on  board  the  *  Discovery/  A  third  instru- 
ment was  ordered  for  use  on  board  the  German  Antarctic  ship  *  Gauss/  and 
a  fourth  has  since  been  constructed  and  was  exhibited  at  the  Glasgow 
Meeting  of  tho  Association. 

On  a  New  Form  of  Instrument  for  observing  the  May nvtlc,  Dip  and 
Intensity  on  Board  Ship  at  Sea.  By  Captain  E.  \V.  CREAK,  (7.7)',, 
7^.,  F.R.S. 

One  of  the  principal  objects  of  the  Antarctic  expedition  which  sailed 
last  month  in  the  '  Discovery '  is  to  make  as  complete  a  magnetic  survey 
of  the  regions  south  of  the  fortieth  parallel  of  south  latitude  as  possible. 

As  the  greater  portion  of  that  region  is  open  sea,  it  is  obvious  that, 
with  few  chances  of  landing,  the  major  portion  of  the  survey  must  be 
conducted  on  board  ship. 

Previous  experience  in  H.M.S.  ships  'Erebus 'and  'Terror 'in  1839-43 
(both  wooden  sailing  ships)  showed  the  serious  effects  of  the  iron  in 
those  ships  in  disturbing  the  magnetic  instruments  established  on  board. 
In  the  case  of  the  *  Discovery/  with  engines,  boilers,  and  numerous  other 
iron  bodies  on  board,  magnetic  observations  would  have  been  almost 
impossible  but  for  the  precautions  of  first  choosing  a  place  for  the 
magnetic  observatory  in  the  ship  and  then  ensuring  that  no  iron  of  any 
kind  should  be  allowed  to  be  placed  within  a  30-foot  radius  from  that 
position. 

The  ship  having  thus  been  prepared,  the  important  question  of  a 
reliable  instrument  for  observing  the  magnetic  dip  and  total  force  on 
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board  01  ner  arose.  The  only  instrument  hitherto  used  for  this  purpose 
has  been  Mr.  R.  W.  Fox's  dip  and  intensity  apparatus  invented  in  1835, 
and  little  or  no  advance  made  in  its  construction  since  then.  It  certainly 
did  valuable  work  in  the  Antarctic  Magnetic  Survey  carried  out  in  the 
1  Erebus ;  and  '  Terror ;  under  Sir  James  Ross,  and  also  in  the  *  Challenger  ' 
expedition  of  1872-76.  An  examination  of  the  work  done  in  the 
'  Challenger '  under  most  favourable  circumstances  disclosed  certain 
defects  of  a  character  which  are  quite  inconsistent  with  the  precision  now 
required. 

For  example  the  needles  could  not  be  reversed,  and  hence  there  was 
constant  necessity  for  frequent  comparisons  with  an  absolute  instrument 
on  land  to  obtain  index  errors.  The  magnetic  moments  of  the  needles 
were  liable  to  change  with  no  accurate,  means  of  knowing  when  the 
change  took  place,  thus  vitiating  the  sea  observations  of  total  force 
made  by  the  method  of  a  constant  deflecting  weight.  Again  the  deflect- 
ing magnets  used  for  a  second  method  of  obtaining  the  total  force  were 
liable  to  changes  with  no  means  for  ascertaining  the  period  of  such 
change  at  sea.  The  Fox  instrument  was  therefore  not  suited  for  the 
purposes  in  view. 

Previous  experience  having  shown  me  tho  excellent  values  of  the 
absolute  horizontal  force  to  be  obtained  with  the  Barrow's  Dip  Circle 
fitted  with  Lloyd's  needles,  especially  in  high  latitudes,  I  arranged  for  a 
series  of  experiments  to  ascertain  the  best  methods  of  applying  the 
principles  of  Lloyd's  method  to  an  instrument  which  could  be  used  on  a 
gimbal  table  on  board  ship.  The  use  of  needles  with  cylindrical  nxles 
resting  on  agate  planes,  either  for  dip  or  force,  was  impossible,  and  trials 
with  various  forms  of  needles  and  jewels  resulted  in  my  adopting  the 
forms  for  both  in  tho  instrument,  exhibited.  All  the  needles  have  axles 
terminating  in  a  '-one  witli  the  sharp  point  rounded  off  and  highly 
polished.  The  jewels  are  highly  polished  snpphires  fixed  to  the  cross 
oars  of  the  circle  in  which  conical  cavities,  slightly  larger  than  the  axles 
of  the  needles,  have  been  drilled  nnd  polished.  The  upper  half  of  the 
jewel  is  removed,  thus  lea\ing>  a  cup  into  which  tho  axles  of  the  needle 
can  bo  lowered  by  tho  lift  or  provided.  ]Jy  this  arrangement  the  needles 
can  be  retained  in  place  even  when  the  gimb;>l  table,  upon  which  the 
instrument  is  placed,  is  subject  to  irregular  motions,  due  to  those  of  the 
ship. 

With  the  circle  thus  fitted  the  absolute  dip  and  total  force  can  be 
observed  agreeably  with  the  usual  methods  described  in  the  Admiralty 
Manual  of  Scientific  Enquiry. 

As  there  might  be  a  slight  oscillation  of  the  needle  at  times  when  the 
ship  is  unsteady  in  a  seaway,  1  have  arranged  that  the  ends  of  the 
needles  shall  come  so  near  the  graduated  arc  that  the  readings  may  be 
made  directly  by  the  microscopes  without  the  use  of  verniers,  as  in  the 
land  instruments. 

To  obviate  friction  between  tho  axles  of  the  needles  and  the  jewels  I 
have  fitted  a  knob  on  the  top  of  the  circle,  which  should  be  gently  rubbed 
with  a  circular  motion  of  the  ivory  rubber  provided. 

The  readings  of  the  circle  may  be  accurately  made  at  night  by  placing 
a  candle  at  the  back  of  the  circle  when  the  light  will  be  reflected  by  the 
ivory  faces  of  the  microscopes  to  the  graduated  arc. 

The  zero  of  the  graduations  on  the  base  plate  is  so  placed  that  when- 
ever the  magnetic  direction  of  the  ship's  head  is  known  by  a  compass 
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adjacent  the  plane  of  the  circle  can  be  immediately  placed  in  the 
magnetic  meridian  without  the  trouble  of  finding  the  meridian  by  the 
usual  method  with  the  circle. 

Two  instruments  of  the  kind  described  are  now  in  use  in  the  Antarctic 
ship  *  Discovery,'  and  the  German  expedition  in  the  Antarctic  ship  *  Gauss ' 
have  also  one  with  two  sets  of  needles. 


Experiments  for  iinproriiitj  the  Construction  of  Practical  Standards  fur 
Ekctrical  McdMircme'iits.  —  Report  of  the  Committee.,  coiifiislimj 
of  Lord  RAYLEIGH  (Chairman),  Mr.  It.  T.  GLAZEIJROOK  (Secwlary), 
Lord  KELVIN,  Professors  W.  E.  AYRTON,  G.  CAREY  FOSTER, 
J.  PERRY,  W.  G.  ADAMS,  and  OLIVER  J.  LODGE,  .Dr.  J.  A. 
MUIRHKAD,  Sir  W.  H.  PREECE,  Professors  J.  T).  EVERETT,  "A. 
SCHUSTER,  J.  A.  FLEMING,  and  J.  J.  THOMSON,  Mr.  W  N.  SHAW, 
Dr.  J.  T.  BOTTOMLEY,  Rev.  T.  C.  FrrzPATrtiCK,  Dr.  G.  JOHNS-TONE 
STONRY,  Professor  S.  P.  THOMPSON,  Mr.  J.  UENNIE,  Mr.  R.  11. 
GRIFFITHS,  Professors  A.  W.  ROCKER,  H.  L.  CALLENDAK,  and 
Sir  WM.  C.  ROBERTS  AUSTEN,  and  Mr.  GEORGE  MATTHEY. 

APPKNUIX  —  Mtfi1  on  n  Comparison  of  1he  tiilrrr  ilrpotitctl  In  \~ollnTHcttf* 
dtffctent  tktlrwtf.     ////  S.  SKlNXEli 


DURING  the  ye.-ir  a  number  of  comparisons  have  been  made  at  the  Kew_ 
Observatory  among  the  standard  coils  of  thn  Association.  Tho  tomperatu. 
conditions,  however,  in  the  temporary  laboratory  arc  not  sutlicientlo 
satisfactory  to  make  it  desirable  to  report  fully  on  the  results  ;  it  is  perhaps 
suflirient  to  say  that  no  evidence  of  any  very  marked  change  in  the 
relative  values  has  shown  itself.  It  is  hoped  that  the  coils  and  other 
apparatus  will  be  moved  to  Bushey  dining  the  autumn. 

In  the  room  which  has  been  planned  for  their  reception  arrangements 
will  be  nt  hand  for  controlling  the  temperature,  and  the  work  of  intor 
comparison  and  control  of  the  standards  can  go  on-  as  in  former  years  at 
Cambridge. 

Meanwhile  some  progress  has  boon  made  in  the  preparations  for  the 
construction  of  mercury  standards.  A  number  of  tubes  of  *  verre  dur  ' 
have  been  examined,  and  some  of  these  have  been  calibrated  ;  when  the 
apparatus  is  set  up  at  Bushey  his  work  will  go  forward  rapidly.  There 
has  also  been  during  the  year  some  demand  for  the  issue  of  standards  of 
capacity  :  this  it  has  not  been  possible  to  comply  with,  hut  the  air  con- 
densers will  be  set  up  again  as  soon  as  possible,  and  then  capacity  tests 
can  be  made. 

With  regard  to  platinum  thermometry,  Mr.  Matthey  supplied  the 
Committee  with  a  further  specimen  of  wire,  for  which  he  had  made  a 
large  stock.  This  was  tested  carefully,  both  at  Kew  and  under  Mr.  Griffiths' 
directions,  by  Mr.  Green  at  Cambridge,  and  the  values  found  for  the 
constants  were  as  under  : 

R100/R0=l-3892 

8=  1-495  ±-005 

The  wire  has  proved  in  every  way  satisfactory,  and  the  money  voted 
to  this  Committee  last  year  (45?.)  has  been  spent  in  purchasing  it. 
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Mr.  Mat  they,  however,  is  retaining  for  the  present,  for  the  use  of  the 
Committee,  some  more  of  the  wire,  and  it  is,  in  their  opinion,  desirable 
that  they  should  purchase  it  also.  It  is  essential  for  the  success  of  the 
scheme  approved  by  the  Committee  at  their  last  meeting  that  they  should 
have  a  sufficient  stock  of  the  wire  for  a  very  long  period,  and  they  are 
anxious  not  to  lose  the  present  opportunity  of  acquiring  such  a  stock. 

Expense  will  also  be  incurred  in  the  preparation  of  the  mercury 
standards. 

The  illness  and  death  during  the  year  of  Professor  Viriamu  Jones 
have  prevented  any  great  progress  being  made  with  the  ampere  balance. 
Some  part  of  the  apparatus,  however,  has  been  constructed,  and  is  in 
Professor  Ayrton's  hands,  and  the  Committee  have  good  hopes  that 
further  progress  may  be  reported  shortly. 

The  Committee  desire  to  put  on  record  their  sense  of  the  loss  which 
Physical  Science  has  suffered  by  the  deaths  of  Professors  J.  V.  Jones  and 
G.  F.  FitzGerald,  who  for  many  years  had  been  members  of  the  Committee, 
and  had  contributed  in  a  marked  degree  to  its  work  ;  and  by  that  of 
Professor  Rowland,  whose  redetermi nation  of  the  absolute  value  of  the 
B.A.  unit  was  practically  the  starting-point  of  the  work  of  the  present 
Committee.  Professor  Rowland  had  on  more  than  one  occasion  been  a 
valued  visitor  at  meetings  of  the  Committee. 

A  paper  by  Mr.  Skinner  on  a  pyridine  voltameter  is  printed  as  an 
appendix.  Professor  Callendar's  paper  on  the  variation  of  the  specific 
heat  of  water  is  closely  connected  with  the  work  of  the  Committee. 

In  conclusion,  the  Committee  recommend  that  they  be  reappointed, 
'ithagrantof  50/.  ;  that  Lord  Rayleighbe  Chairman,  and  Mr.  R.  T.  Glazt*- 
Secretary. 


APPENDIX. 

Note  on  a  Comparison  of  I  he  Silver  deposited  in  Voltameter*  containing 
different  Solvents.  By  S.  SKINNER,  M.A.,  Demonstrator  of  Experi- 
mental Physics,  Cambridge. 

In  1892  Schuster  and  Crossley  l  showed  that  when  the  same  current 
is  passed  through  two  silver  voltameters  containing  silver  nitrate  in 
aqueous  solution,  one  voltameter  in  ;i  vacuum  and  the  other  in  air,  about 
0*1  per  cent,  more  silver  was  deposited  in  the  vacuum  than  in  air. 
This  result  was  confirmed  by  Myers.2  These  results  clearly  prove  that 
there  is  an  uncertainty  in  the  action  of  the  silver  voltameter  depending 
on  the  presence  of  air  or  oxygen,  and  consequently  on  the  freshness  of 
the  solution.  Werner  3  found  that  a  silver  nitrate  solution  in  pyridine 
gives  by  the  rise  in  the  boiling-point  of  the  solvent  a  nearly  normal  mole- 
cular weight  for  the  salt  ,  and  Kahlenberg 4  found  that  the  solution  was 
an  electrolyte,  and  could  be  used  in  the  silver  voltameter  ;  but  that, 
contrary  to  what  follows,  more  silver  was  deposited  from  aqueous  solution 
than  from  pyridine  solution  by  the  same  current.  In  the  following 
experiments  a  comparison  has  been  made  of  the  deposits  produced  by  the 

J  Pr<w.  /?.£,  50,  p.  344.  '  Annalen,  55,  p,  288. 

9  Zeits.  Anorg,  Ckem.,  1897,  15,  p.  23.         4  Journ.  Physical  Chem.,  1900,  p.  349. 
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same  current  in  silver  voltameters  containing  aqueous  and  pyridine  solu- 
tions of  silver  nitrate. 

The  platinum  bowls  used  are  those  numbered  T.  and  V.  in  the  paper 
on  the  Measurement  of  the  Electromotive  Force  of  the  Clark  Cell l  by 
Mr.  Glazebrook  and  myself.  The  anode  for  bowl  I.  was  a  silver  disc, 
5  cm.  in  diameter,  hung  by  a  silver  rod,  and  a  silver  cylinder  was  used 
for  bowl  Y.  The  dimensions  of  the  bowls  are  given  in  the  paper  men- 
tioned above.  100  c.c.  of  solution  was  used  in  each  case,  and  the  pyridine 
solution  contained  10  per  cent,  of  silver  nitrate,  whilst  the  aqueous 
solution  contained,  as  usual,  15  per  cent,  of  the  salt. 

The  areas  of  the  exposed  surfaces  were  approximately  as  follows  :  — 

Bowl  I.  Bowl  V. 

Cathode  surface       .         .     75     sq.  cm.         (>7  sq.  cm. 
Anode  surface          .        .     19'6  sq.  cm.         18  sq.  cm. 

The  conditions  of  current  density  in  the  two  bowls  may  be  regarded 
as  practically  identical. 

The  deposit  of  silver  from  the  aqueous  solution  was  crystalline,  and 
the  character  of  the  crystals  appeared  to  vary  with  the  current  density. 
The  deposit  was  washed  by  standing  in  distilled  water  for  several  hours 
and  dried  over  an  alcohol  flame.  The  deposit  from  the  pyridine  solution 
is  continuous,  and  forms  a  hard  coating  :  it  is  washed  with  water  in  which 
both  pyridine  and  silver  nitrate  are  soluble.  It  is  sometimes  slightly 
coloured,  but  on  drying  becomes  white.  On  further  heating  over  the  alcohol 
flame  it  develops  a  pearly  lustre,  and  in  this  condition  it  has  been  weighed. 

A  Western  ampere  meter  was  included  in  the  same  circuit,  and 
served  to  indicate  the  constancy  of  the  current.  The  reading  of  the 
ampere  meter  is  given  in  the  second  column  of  the  table.  The  variations 
of  the  current  were  very  small.  In  the  table  the  result  of  every  experi- 
ment which  I  have  made  is  given. 


Date 

Current  by 
Weston 
Motor 

Weight  deposited 
from 
Pyridine  Solution 

Weight  deposited 
from 
Aqueous  Solution 

Difference 
in 
Milligrammes 

Percentage 
Difference 

Notes 

Aug.  15 

0-07 

•8115                      -8105 

1-0 

•m 

16 

0-075 

•8(;<)5                      -8(185 

1-0 

•115 

14        0-13 

1-12(565          ,         1-2625 

4-0 

•318           (,•) 

8        0-253 

•7805                      -7820 

4-5 

•575 

21        0-255 

2-2795 

2-2730 

05 

•30 

C>:       0-368               M390 

1-1340 

5-0 

•44 

12        0  375 

•9630 

•9600 

3-0 

•41 

00 

10        0-115 

1-4225 

1-4200 

25 

•276 

w 

10 

0-52 

2-0010 

1-9982 

2-8 

•14 

,    20        1-00 

2-0180 

20155 

2-5 

•12 

Total  deposits  . 

13-6570 

13-5242 

32-8 

•24 

(a)  and  (I}. — In  these  two  experiments  the  aqueous  solution  was  in  a  partial 
vacuum  (8  cm.  pressure),  and  -1  per  cent,  has  been  added  to  the  percentage  difference 
to  make  them  comparable  with  the  other  experiments. 

(<?). — Fresh  solutions  were  used  in  this  experiment,  and  the  same  solutions  werfc 
used  on  all  subsequent  dates.  A  few  particles  of  silver  were  lost  from  the  aqueous 
voltameter  in  this  experiment,  August  14. 

The  first  result  of  these  experiments  is  clearly  that  all  the  deposits 

1  Phil.  Trans.,  1892,  A. 
1901.  D 
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from  the  pyridine  solutions  weigh  more  than  those  from  the  aqueous 
solutions. 

In  the  measurements  of  the  E.M.F.  of  the  Clark  cell  by  Mr.  Glaze  - 
brook  and  myself  the  same  current  was  sent  through  two  systems  of 
silver  voltameters  in  series,  and  15*5123  grammes  were  deposited  in  the 
bowls  which  received  the  greater  deposits,  as  against  15*5055  grammes  in 
those  which  gained  the  smaller  deposits.  This  gives  a  mean  percentage 
difference  of  '044,  which  may  be  compared  with  the  mean  percentage 
difference  of  '24  in  the  present  experiments.  Tt  is  obvious  that  this 
difference  is  of  a  much  higher  order,  but  this  difference  is  a  mean  of 
experiments  which  differ  much  more  between  themselv  /  On  that 
account  I  think  it  is  better  to  discuss  the  experiments  i».  groups.  The 
experiments  divide  themselves  roughly  into  two  groups.  There  is,  first, 
a  group  consisting  of  those  in  which  the  current  w?*s  about  *07  ampere  and 
from  *5  to  1  ampere.  This  contains  the  extremes  as  regards  current,  and 
in  it  the  mean  percentage  difference  would  be  just  over  -1  per  cent.  So 
that  for  these  values  of  current  the  deposit  from  pyridine  would  weigh 
almost  the  same  as  Schuster  and  Crossley  found  for  a  vacuum,  which,  it 
will  be  remembered,  was  •!  per  cent,  higher  than  in  air. 

The  second  group  consists  of  those  experiments  in  which  the  current 
value  liei  between  '13  and  '41  ampere,  and  here  the  mean  percentage 
difference  is  much  larger,  i.e.,  '38.  Over  this  range  one  of  the  deposits 
seems  to  be  uncertain,  and  I  think  these  experiments  may  be  considered 
to  indicate  that  between  these  values  of  current  in  the  given  bowls  one 
of  the  two  voltameters  is  irregular  in  its  action.  The  character  of  the 
silver  crystals  appeared  to  be  variable,  whilst  the  hard  film  of  silver  from 
t{ie  pyridine  solution  had  always  the  same  texture.  The  aqueous  volta- 
meter seemed  to  work  best  with  the  large  currents  -5  to  1  ampere  when 
the  crystals  were  small,  hard,  and  closely  packed.  At  the  lower  values  of 
current  the  silver  crystals  were  thin,  long,  and  friable.  At  the  lowest 
value  they  were  again  small  and  hard.  One  explanation  of  the  variation 
may  be  that  particles  of  silver  are  more  easily  lost  during  the  washing, 
when  the  crystals  are  of  the  second  character. 

Conclusions  : — 

(1)  That  Faraday's  law  holds  to  within  '24  per  cent,  in  the  mean  for 
silver  nitrate  when  dissolved  in  two  different  solvents. 

(2)  That  for  current  values  of  '07  and   '5  to  1  ampore  in  the  given 
bowls  the  amount  of  silver  deposited  from  a  pyridine  solution  of  silver 
nitrate  is  nearly  the  same  as  that  deposited  from  an  aqueous  solution  in  a 
vacuum. 

(3)  That  for  current  values  between  '1  and  -5  ampere  more  silver  is 
obtained  in  the  pyridine  voltameter  than  in  the  aqueous  voltameter. 


Note  on  the  Variation  f>f  tlte  tfpcrijic  Ilwd  of  Water. 
Jj//  Professor  H.  L.  CALLKNDAR,  F.R.S. 

[Ordered  by  the  U^nem!  Committee  to  bu  printed  hi  e.rtrnxo.'] 


The  method  adopted  for  determining  the  variation  of  the  specific  heat  of 
water  was  described  and  the  apparatus  exhibited  at  the  Toronto  Meeting 
of  the  British  Association,1  and  the  results  up  to  a  temperature  of  60°  C. 

.,  1897. 
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were  given  in  a  preliminary  note  communicated  to  Section  A  at  the 
Dover  Meeting.1  The  final  results  were  communicated  to  the  Royal 
Society  in  June  1900,2  and  are  now  in  course  of  publication  in  the  *  Phil. 
Trans.'  The  object  of  the  following  note  is  to  discuss  one  or  two  minor 
corrections  and  reductions  which  have  been  suggested. 

Values  below  20°. 

At  the  Dover  Meeting  of  the  British  Association  it  was  stated  that 
the  observations  agreed  very  perfectly  on  the  average  with  Rowland's 
from  5°  to  35°,  but  indicated  a  slightly  more  rapid  change  near  the 
freezing-point.  This  change  required  further  verification,  and  was  not 
included  in  the  formulae  then  suggested.  Subsequent  observations  have 
confirmed  this  effect,  which  may  be  represented  within  the  limits  of 
probable  error  by  the  addition  of  another  term  to  the  formula  below 
20°  C.  The  formula  given  in  1899  for  the  specific  heat  s  at  any  tempera- 
ture t  between  0°  and  60°  was  as  follows  : — 

s=-9982  +  -0000045  (£-40)2  (1) 

Below  20°  the  formula  should  read  : 

§=•9982  + '00000-45  (*-40)'2~  '0000005  (*-20)3         .         (2) 

This  formula  agrees  with  the  curve  and  with  the  correction  to  the  total 
heat  h  of  the  liquid  given  in  the  note  in  the  *  British  Association  Report,' 
1899.  Values  calculated  by  these  formulae  are  given  in  Table  II.  in  the 
column  headed  B.A.  1899. 

The  quantity  actually  observed  by  Rowland  was  the  total  heat  o 
the  liquid  from  the  starting  point  of  each  experiment.      The  following 
table  shows  the  close  agreement  of  his  results  with  this  formula  :  — 

TABLE  I.—  Values  of  Total  Heat  of  Water,  5°-35°. 


Temperature. 

Formulie  (1)  and  (42).                               Rowland. 

0 

I 

6 

6-037 

6-03? 

K) 

10-056 

10058 

];'> 

15-065 

1506H 

20 

20-008 

20-071                      ! 

25                                           25-0(>5 

25-0(J7 

30                                           30-060 

30-057 

35                     ;                     35-052                                         35-053                     , 

Results  above  60°. 

In  the  'British  Association  Report,'  1899,  Regnault's  formula  was 
adopted  for  the  variation  above  60°,  modified  by  subtracting  a  constant 
quantity  '0056,  to  make  it  fit  with  formula  (1)  at  60°,  and  to  reconcile 
his  results  with  those  of  Reynolds  and  Moorby.  We  thus  obtain 


...         (3) 
Subsequently  to  the  Dover  Meeting  Dr.  Barnes  succeeded  in  obtaining 
»  Z.A.  Hvj>.,  1809.  2  Proc.  11.&,  1900, 
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five  or  six  results  at  points  between  66°  and  92°,  which  are  represented 
within  one  part  in  10,000  by  the  linear  formula 

s=l  +  -00014  (£-60)  (4) 

This  formula  gives  a  value  nearly  1  in  1,000  lower  than  (3)  at  90°, 
but  it  cannot  be  reconciled  with  Regnault's  observations  between  110° 
and  190°  0.,  and  it  would  therefore  probably  be  better  to  retain  (3), 
since  it  is  likely  that  the  specific  heat  would  increase  more  rapidly  at 
high  temperatures. 

Although  the  actual  observations  at  these  higher  points  agree  witli 
formula  (4)  much  more  closely  than  1  in  1,000  it  is  conceivable  that  they 
might  contain  a  constant  error  of  this  order  at  90  D. 

More  complicated  formulas  are  given  by  Dr.  Barnes,1  but  since  the 
whole  variation  of  the  specific  heat  is  so  small  it  does  not  seem  worth 
while  to  change  the  simpler  formulae  already  published  in  the  '  British 
Association  Report/  1899,  which  represent  the  observations  equally  well. 

Comparison  with  Ludin. 

The  results  of  the  observations  of  Ludin  by  the  method  of  mixtures 
are  given  in  Table  It.  for  comparison.  They  agree  very  well  below  20°,  but 
snow  a  minimum  at  25°  C.  Above  this  point  they  increase  rapidly  to  a 
maximum  at  85°  C.,  which  is  1  per  cent,  greater  than  the  value  found  by 
Barnes  when  expressed  in  terms  of  the  same  unit.  This  rapid  increase 
mav  possibly  be  explained  by  radiation  error  from  the  hot-water  supply. 
The\  subsequent  diminution  botween  85°  and  100°  may  be  due  to 
vaporation  of  the  boiling  water  on  its  way  to  the  calorimeter.  These 
^rrors  are  peculiar  to  the  method  of  mixtures,  and  are  completely 
eliminated  in  the  electrical  method.  Moreover,  the  quantity  measured 
in  the  method  of  mixtures  is  not  the  actual  specific  heat  at  the  higher 
limit  t,  but  the  mean  specific  heat  between  t  and  the  temperature  of  the 
calorimeter.  The  values  of  the  actual  specific  heat  at  f,  which  depend  on 
differentiating  the  curve  of  mean  specific  heat,  are  thus  rendered 
extremely  uncertain  noar  the  extremities  of  the  range.  The  electrical 
method  avoids  this  uncertainty,  since  it  directly  measures  the  rise  of 
temperature  produced  by  the  same  quantity  of  energy  at  different  points 
of  the  scale. 

Correction  for  Variation  of  Temperature  Gradient  in  the  Flow-tule. 

If  E  is  the  difference  of  electric  potential  in  volts  between  the  ends 

of  the  conductor  ; 

C,  the  current  in  amperes  through  it  ; 
J,  the  number,  of  joules  required  to  raise  1  gramme  of  water  1°  C. 

at  the  mean  temperature  of  the  experiment  ; 
Q,  the  water-  flow  in  grammes  per  second  ; 
fJ,  the  rise  of  temperature  ; 
/itf,  the  loss  of  heat  by  radiation,  «kc.,  in  joules  per  second, 

we  have  the  simple  equation 

EC=±=JQ<9  +  A0          ...»        (5) 

If  we  assume  that  the  heat-loss  hO  is  the  same  for  two  different  flows, 
provided  that  the  electrical  current  is  regulated  so  as  to  secure  the  same 

1  Proe.Rti,  1900, 
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final  rise  of  temperature  0,  we  can  easily  eliminate  h  and  find  .7.  When 
the  flow  is  large,  the  heat  loss  Ju  is  a  small  fraction,  1  or  2  per  cent.,  of 
the  whole.  The  gradient  of  temperature  in  the  flow- tube  is  then  nearly 
constant,  but  diminishes  slightly  as  tho  temperature  risfs,  owing  to 
increased  rate  of  loss  of  heat.  With  smaller  flows  this  effect  increases, 
as  the  magnitude  of  tho  loss  h3  becomes  greater  in  proportion  to  the 
whole.  There  is  therefore  a  small  systematic  variation  in  the  tempera- 
ture distribution  when  the  flow  is  changed,  which  may  be  calculated  from 
the  differential  equation  representing  the  conditions  of  heat-loss  and 
supply.  The  effect  can  be  represented  by  adding  to  equation  (ft)  a  term 
ll/i'^/25  JQ,  in  which  the  numerical  factor  11/25  depends  on  the  relative 
dimensions  of  the  tubes  of  the  calorimeter  employed.  At  a  temperature 
of  30°  C.  h  is  2  per  cent,  of  JQ  for  the  larger  flows,  and  the  correction 
amounts  to  only  2  or  3  parts  in  10,000.  Dr.  Barnes  observed  that  the 
results  deduced  from  the  smaller  flows  differed  systematically  from  those 
given  by  the  larger  flows,  but  the  differences  were  so  small  that  he 
thought  they  might  be  due  to  accidental  errors  of  observation  or  some 
defect  of  the  method.  1  find,  however,  that  these  small  systematic  differ- 
ences arc  almost  exactly  accounted  for  by  tho  correction  in  question.  This 
is  an  excellent  verification  of  the  accuracy  of  the  work.  The  importance 
of  the  correction  arises  from  the  fact  that  the  heat-loss  increases  nearly 
as  tho  fourth  power  of  tho  absolute  temperature,  and  the  correction  itself 
increases  as  the  square  of  the  heat-loss.  Although  practically  negligible 
at  ordinary  temperatures,  it  readies  one  part  in  1,000  at  the  higher 
points.  The  results  published  in  the  '  Proc.  li.S.,5  1900,  must  be  corrected 
for  this  source  of  error.  The  corrected  values  are  given  in  column  (1)  of 
Table  IT. 

Reduction  to  the  Hydrogen  Scale. 

The  observations  were  all  taken  directly  with  standard  platinum  ther- 
mometers, and  the  temperatures  were  reduced  by  means  of  the  difference 
formula 

t—pt,= 1  -50/1  (*—  100);'  10,000  ...         (6) 

This  gives  a  perfectly  definite  scale  of  temperature,  which  agrees  very 
closely,  according  to  the  observations  of  Oallendar  and  Crifliths,1  with 
that  of  the  constant-pressure  air-thermometer.  It  is  really  preferable 
and  express  the  results  in  terms  of  this  scale,  which  has  the  advantage 
that  it  can  be  reproduced  with  much  greater  accuracy  than  is  attainable 
in  gas-thermometry.  Jf,  however,  wo,  assume  that  it  coincides  with  the 
scale  of  the  air-thermometer,  it  would  be  desirable  to  reduce  the  results 
to  the  hydrogen  scale,  as  being  a  closer  approach  to  the  absolute  thermo- 
dynamic  scale. 

In  making  this  reduction  it  would  be  most  natural  to  assume  tho  well- 
known  formula  for  the  difference  between  the  nitrogen  and  hydrogen 
scales  given  by  Chappuis,  and  quoted  by  Guillaume  and  other  authorities  : 

^~^=^~100)(-fG-318  +  0-00880^0'00132;^2)xlO-<i  .         .  (7) 

This  has  been  done  by  Griffiths,'2  who  gives  a  table  of  our  results  so 
reduced.  There  are,  however,  one  or  two  objections  to  be  considered. 
(1)  The  formula  of  Chappuis  makes  the  differences  tn— th  negative  be- 
tween 80°  and  100°,  so  that  the  correction  to  the  specific  heat  changes 
from  —2  in  10,000  at  80°  to  +6  in  10,000  at  100°.  Chappuis  himself 
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considers  this  impossible,  and  has  recently  l  proposed  an  emended  curve, 
which  would  alter  the  correction  by  nearly  one  part  in  1,000  at  100°. 
(2)  The  experiments  of  Chappuis  refer  to  the  constant-volume  nitrogen- 
thermometer  at  one  metre  of  mercury  initial  pressure,  whereas  the 
difference- formula  is  assumed  to  refer  to  the  constant-pressure  air- ther- 
mometer at  76  cm.  pressure.  The  correction  in  the  latter  case  is  quite 
different,  so  that  we  should  not  assume  Chappuis' results  for  the  reduction. 
On  the  whole  we  shall  probably  be  nearest  the  truth  if  we  calculate  the 
correction  for  the  scale  of  the  constant -pressure  air-thermometer  from 
the  observations  of  Joule  and  Thomson 2  by  the  method  which  I  have 
explained  in  *  Proc.  Phys.  Soc.,'  March  19Q1.  It  happens  that  the 
correction  to  the  results,  when  calculated  in  this  manner,  is  very  nearly 
equal  and  opposite  to  that  already  given  for  the  variation  of  the 
temperature-gradient  in  the  flow-tube,  so  that  if  both  corrections  are 
applied  the  results  are  practically  unchanged.  It  must  be  remembered, 
however,  that  one  of  these  corrections  is  certain  and  obligatory,  whereas 
the  other  is  to  a  great  extent  a  matter  of  taste.  It  would  really  be 
more  scientific  to  omit  the  uncertain  reduction  to  the  hydrogen  scale. 

The  value  of  the  difference  coeilicient  1-50  in  formulas  6  is  calculated, 
assuming  the  boiling-point  of  sulphur  to  be  444°-5,  on  the  scale  of  the  con- 
stant-pressure air-thermometer.  If  we  took  the  boiling-point  of  sulphur 
to  be  445° -2  (as  determined  by  Harkor  and  Chappuis  with  a  constant- 
volume  nitrogen-thermometer  at  560  mm.  initial  pressure),  we  should 
find  d=l-54.  This  would  make  a  difference  of  4  in  10,000  in  the  values 
of  the  specific  heat  at  0°  and  100°.  But  the  correction  from  the  constant- 
volume  nitrogen  scale  would  be  much  smaller,  so  that,  by  a  curious 
coincidence,  the  final  results  reduced  to  the  hydrogen  scale  would  be 
almost  identical  with  those  already  given. 

T\BT,E  II. —  Variation  of  Specific  Heat  of  Water  in  term*  of  a  Unit  at  20°  C. 


Tempera- 
ture 

K.S.  11)00 
Corrected 
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Radiation  in  a  Magnetic  Field. — Report  of  the  Committee,  consisting  of 
the  late  Professor  G.  F.  FrrzGEiULD  (Chairman),  Professor  W.  E. 
THRIFT  (Seeretari/),  Professor  A.  ScursTER,  Principal  O.  J. 
LODGE,  Professor  8.  P.  THOMPSON,  Dr.  GERALD  MOLLOY,  awl  Dr. 
W.  E.  ADENEY. 

THE  Committee  have  to  refer  with  feelings  of  the  deepest  regret  to  the 
death  of  their  Chairman,  Professor  (».  F.  FitzGerald,  and  acknowledge 
that  their  work  has  been  much  impaired  by  the  loss  they  have  sustained. 

That  work  seemed  twofold  :  in  the  first  place,  to  obtain  specimen 
prints  and  •  :  "n rcr-'-!-  •"*  t-  of  the  negatives  left  by  Preston,  in  order  to 
consider  the  advisability  of  publishing  them  ;  in  the  second  place,  to 
study  the  negatives  and  measure  the  separations  of  the  various  lines. 

Nineteen  of  these  negatives  are  interesting,  viz.,  ten  of  iron,  five  of 
cadmium  and  zinc,  two  of  magnesium,  one  of  strontium,  and  one  of  nickel, 
but  their  value  is  much  lessened  because  no  information  is  obtainable 
concerning  the  corresponding  strength  of  the  magnetic  field.  However, 
from  their  examination  of  the  specimen  prints  and  enlargements  which 
they  have  obtained,  the  Committee  conclude  that  it  would  be  desirable 
to  publish  prints  of  some,  at  least,  of  the  negatives.  They  are  interesting 
on  account  of  their  priority  as  photographic  records  of  the  effect  of  a 
magnetic  field  upon  the  spectral  lines ,  and  on  account  of  the  clearness  with 
which  they  exhibit  the  effect,  both  in  its  normal  and  in  many  anomalous 
forms  ;  and  the  information  derivable  from  them  would  thus  become 
available  to  all.  The  Committee,  therefore,  recommend  their  publication, 
and  ask  for  reappointment,  with  a  grant  of  1 5/.,  in  order  to  carry  this  ' 
recommendation  into  effect. 

The  work  of  measuring  the  negatives  has  been  confined  to  preliminary 
investigations  on  the  degree  of  accuracy  attainable,  and  to  some  observa- 
tions on  the  iron  spectrum.  With  the  instrument  used  by  Sir  Robert 
Ball  and  Dr.  Rambaut  for  measuring  star  photographs  it  was  possible  by 
special  arrangements  to  measure,  in  general,  to  0*006  tenth  metre.  This 

A'2 
would  imply  that  the  resulting  values  of        ,  for  example,  25*8  x  10°,  are 

iAA 

X2 

accurate  to  0"2  or  0*3.     But  the  calculated  values  of      -    for   the    lines, 

observed  so  far,  show  such  variety  that  the  verification  for  iron  of  the 
law  demonstrated  by  Preston  for  cadmium,  xiiic,  and  magnesium  seems 
most  improbable  at  present. 

Several  anomalous  lines  have  been  observed,  particularly  the  quintet 
at  3743-51. 

No  unaffected  lines  heave  been  met  with  ;  those  which  are  not  split 
up  into  separate  components  are  much  broadened. 

Interference  and  Polarisation  of  Mrdrit  Waves. 
By  Professor  Dr.  G.  QUINCKK. 

[Ordered  by  the  General  Committee  to  be  printed  in,  extcnsoJ] 
IN  the  Physical  Laboratory  of  the  University  of  Heidelberg  Dr.  August 
Becker  has   measured   the  wave-lengths  of  electric  vibrations  in  inter- 
ference-tubes with  two  branches  or  in  T-shaped  tubes  of  the  form  which 
Professor  Quincke  used  for  acoustical  researches, 

The  maxima  and  minima  of  the  waves  have  been  observed  by  means 
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of  a  coherer  in  air,  and  in  different  fluid  or  solid  dielectrics.  Through 
interference- tubes  with  two  branches  only  those  vibrations  are  transmitted 
which  are  parallel  to  the  plane  of  the  branches,  and  of  a  wave-length 
equal  to  1-6  the  diameter  of  the  tube.  Such  an  interference-tube  repre- 
sents for  electric  waves  a  Nicol  prism  or  a  coloured  glass  plate  for  optical 
waves.  Wave-length  or  velocity  inside  the  interference-tubes  is  about 
•&  of  the  wave-length  or  velocity  outside  in  the  free  air.  The  ratio  of  the 
wave-length  in  air  and  in  fluids  gives  */k,  k  being  the  specific  inductive 
capacity  of  the  fluid. 
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I.  On  Seismological  Stations  abroad  and  in  Great  Britain. 

SEISMOGRAPHS  of  the  type  recommended  by  the  Seismological  Investiga- 
tion Committee  of  the  British  Association  have  been  constructed  for  and 
in  most  instances  are  already  established  at  the  following  stations  ; — 

Royal  Alfred  Ob- 
servatory. 

Mexico. 

Wellington  (2  in- 
struments). 

Coimbra. 

Irkutsk. 

Tidis. 

Taschkent. 

Edinburgh. 

Paisley. 

Cordova. 

Arequipa. 

San  Fernando. 

Beyrut. 


*1.  Africa. 

Cape  Town. 

*2.     „ 

Cairo. 

3.  Australia 

Melbourne. 

4. 

Sydney. 

5.        „ 

Western  Australia. 

*G.  Canada 

Toronto. 

*7.       „ 

Victoria,  B.C. 

8.  Ceylon 

Colombo. 

*9.  England 

Snide,  Isle  of  Wight. 

*10. 

Kew. 

*11.         „ 

Bidston. 

12.  Germany 

Shasslmrfr. 

13.  Honolulu 

Hit  \\iiii. 

*14.  India 

Calcutta. 

*16.       „ 

Madras,  Kodaikanal. 

16.      „ 
*17.       „ 

„       Jugga  Kow. 
Bombay. 

*18.  Java 

Batavia. 

*19.  Japan 

Tokio. 

*20.  Mauritius  . 

21.  Mexico 

22. 1  New  Zealand  (2 

23.  J      instruments) 

24.  Portugal    . 

25.  Russia 

26.  „ 

*28!  Scotland    '. 

*3o!  8.  America 

31. 
*32.  Spain 

33.  Syria 

34.  Trinidad. 

35.  U.S.  of  America 


Philadelphia. 
Baltimore. 
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The  last  instrument  constructed  is  in  charge  of  Mr.  L.  Bernacchi,  of 
the  ss.  (  Discovery/  If  possible  it  is  to  be  used  in  the  Antarctic  Regions. 
Continuous  records  have  been  received  from  stations  marked  with  an 
asterisk,  whilst  Mexico,  New  Zealand,  Trinidad,  Philadelphia,  and  Balti- 
more have  sent  occasional  records. 

The  last  registers  issued  by  the  British  Association  Committee  are 
Circulars  Nos.  2  and  3.  These  refer  to  Shide,  Kew,  Toronto,  Victoria,  B.C., 
San  Fernando,  Cairo,  Cape  Town,  Mauritius,  Calcutta,  Bombay,  Kodai- 
kanal,  Batavia,  and  Cordova.  These  are  complete  up  to  the  end  of 
December  1900,  excepting  for  Cordova  (Circular  No.  2),  the  entries  for 
which  end  on  June  21,  1900. 

The  instruments  now  in  use  at  the  Shide  station  are  : — 

1.  A  photographic  recording  horizontal  pendulum  oriented  North  and 
South.     This  is  the  type  of  instrument  similar  to  those  at  other  stations. 

2.  A  pair  of  pendulums  similar  to  the  above  oriented  North-South 
and  East- West.     This  instrument  was  kindly  presented  to  your  Secretary 
by  Mr.  A.  F.  Yarrow. 

3.  A  pair  of  horizontal  pendulums  writing  on  smoked  paper.     These 
have  arms  14  inches  in  length,  and  each  carries  a  10  Ib.  weight. 

4.  A  pair  of   horizontal  pendulums  also  writing  on  smoked  paper 
The  arms  are  9  feet  in  length,  and  each  weighs  about  100  Ib.     This  and 
instrument  No.  3  give  open  diagrams. 

5.  A  simple  spiral  spring  seismograph  for  vertical  motion.     Record 
photographic. 

6.  A  large  balance  arranged  to  show  tilting. 


of  Records  fur  1000. 

An  analysis  of  the  earthquakes  recorded  during  the  year  1900,  similar 
in  character  to  that  given  in  the  Fifth  Report  issued  by  your  Committee 
for  the  records  of  the  previous  year,  is  in  progress.  Its  length  precludes 
it  from  appearing  in  these  reports. 


On  the  Approximate  Frequency  of  Earthquakes  at  different  Stations. 

In  the  following  table  the  large  numerals  to  the  right  of  or  beneath 
the  name  of  a  given  station  indicate  the  actual  number  of  disturbances 
recorded  at  that  station  during  given  intervals  of  time.  For  all  stations, 
excepting  three,  these  intervals  are  the  years  1899  and  1900.  The  three 
exceptions  are  Cairo,  for  which  the  interval  is  tho  year  1900  ;  Calcutta, 
from  July  to  December  1900  ;  and  Cordova,  from  January  to  June  1900. 
Inasmuch  as  at  all  stations,  for  a  variety  of  reasons,  there  have  been 
interruptions  in  the  continuity  of  observations,  these  time  intervals  must 
only  be  regarded  as  approximations.  As  it  is  difficult  in  the  case  of 
certain  minute  disturbances  to  determine  whether  these  have  a  seismic 
origin  or  are  due  to  some  other  cause,  the  large  numerals  are  only  approxi- 
mations. 

The  small  numerals  to  tho  right  or  left  of  a  large  numeral  give 
the  percentage  of  the  earthquakes  recorded  at  the  station  to  which  it  refers, 
which  are  common  to  the  registers  of  the  other  stations.  For  example,  out 
of  210  records  at  Shide,  58  per  cent,  of  them  were  also  noted  at  Kew,  and 
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40  per  cent,  at  one  or  more  stations  in  Europe.1     These  latter  refer  to 
Strassburg,  Hamburg,  Laibach,  Trieste,  or  observatories  in  Italy. 
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Sliide    . 

210    58 

32 

47 

49 

5 

12 

23 

7 

8t 

19 

25 

19 

40 

Kew 

54    220 

29 

35 

35 

3 

9 

19 

8 

24 

14 

19 

20 

33 

San  Fernando 

87  '  81 

75 

79 

75 

11 

23 

4s 

15 

(>3 

3(> 

59 

53 

69 

Toronto 

40     34 

24 

241 

50 

3 

7 

1(> 

5 

21 

14 

19 

15 

29 

Victoria,  B.C. 

40     33 

23 

55 

246 

3 

1) 

17 

4 

25 

17 

19 

17 

28 

Cairo 

18  '  12 

14 

15 

12 

45 

1     2 

11 

o 

20 

18 

15 

12 

11 

Madras  . 

22  1  19 

15 

18 

19 

3 

I  115 

19 

4 

17 

9 

15 

1    o 

18 

Bombay 

90  '  76 

62 

f>9 

71 

U 

oli 

58 

H 

65 

45 

r>2 

i  23 

(>2 

Calcutta 

14  |  13 

13 

14 

1A 

2 

7 

9 

57 

18 

14 

it 

— 

18 

Batavia 

29  •  24 

21 

2(5 

29 

4 

9 

14 

9 

237 

19 

18 

17 

21 

Mauritius 

46  '•  42 

39 

47 

53 

9 

13 

31 

13 

54 

81 

41 

U 

38 

Cape  Town    . 

53     47 

45 

48 

50 

8 

17 

I  32 

10 

47 

35 

98 

21 

15 

(  'ordova 

1C      10 

1(5 

IG 

1C) 

7 

2 

7 

— 

23 

9 

12 

43 

5 

(Argentina) 

From  what  has  been  said  it  is  clear  that  results  indicated  by  the 
above  table  are,  when  we  have  at  our  disposal  materials  more  definite  in 
Character,  open  to  modification. 

Numerous  records,  as  at  Hhide  (210)  and  Kew  (220),  may  indicate 
^nat  111  the  examination  of  the  record-receiving  films,  in  certain  instances, 
minute  disturbances  have  been  wrongly  accepted  as  having  a  seismic  origin. 
The  high  number  of  records  accredited  to  Batavia  may  partly  be  accounted 
for  by  the  fact  that  at  that  place  there  are  many  local  shocks  the  effects 
of  which  have  not  been  appreciable  at  distant  stations.  That  the  per- 
centage of  the  Shicle  records  noted  at  other  stations  is,  in  all  instances  but 
one,  greater  than  the  percentage  of  the  Kew  records  at  corresponding 
stations  (see  the  first  two  horizontal  lines  in  the  table)  indicates  that 
either  the  Kew  instrument  or  the  ground  on  whicli  it  rests  is  less  sensi- 
tive to  seismic  influences  than  the  instrument  or  the  ground  at  Shide. 
A  similar  conclusion  is  arrived  at  if  we  inspect  the  two  vertical  sets  of 
entries  beneath  the  names  of  these  two  stations. 

The  fewness  of  the  San  Fernando  and  Bombay  records,  and  the  large 
percentage  of  these  which  are  found  at  other  stations,  may  indicate  that 
at  these  stations  disturbing  influences  non-recognisable  as  seismic  but 
rarely  occur.  For  Cairo  and  Calcutta  not  only  are  the  records  few  in 
number,  but  the  p'TLPiilsiKf-s  of  these  common  to  other  stations  are  also 
low.  The  explanation  of  this  probably  rests  on  the  fact  that  these  two 
stations  are  installed  upon  alluvium.  At  San  Fernando  and  Bombay, 
where  the  installations  are  upon  hard  materials,  although  the  records  are 
not  numerous,  the  percentages  of  these  recognised  at  other  stations  are 
high.  If  this  is  correct  we  have  here  the  reverse  of  what  occurs  in  the 
case  of  earthquake  motion  that  can  be  felt,  the  motion  being  greatest 
upon  the  alluvium,  and  least  upon  the  harder  strata. 

The  low  percentages  corresponding  to  the  Cordova  records  may  bo 
accounted  for  by  the  supposition  that  many  of  its  entries  refer  to  shocks 

1  See  footnote  to  p,  47. 
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which  do  not  reach  distant  stations.  Although  a  list  might  be  made  of 
earthquakes  recorded  at  the  European  stations  here  considered,  but  not 
at  the  thirteen  widely  separated  stations  indicated  in  the  above  table, 
an  inspection  of  this  table  shows  the  converse  to  be  equally  true,  there 
having  been  many  earthquakes  recorded  in  the  south  of  South  America, 
on  the  east  and  west  of  North  America,  in  South  Spain,  and  in  Great 
Britain  which  have  apparently  escaped  record  in  Central  Europe. 

In  connection  with  this  subject  attention  may  be  drawn  to  the  list  of 
earthquakes  on  pp.  44-46.  As  this  list  has  been  drawn  up  with  great  care, 
it  may  be  taken  for  granted  that  all  entries  which  refer  to  approximately 
the  same  times  represent  seismic  disturbances.  The  larger  of  these  will 
have  been  recorded  at  distant  stations.  To  determine  whether  this  is 
true  for  the  smaller  records  observers  are  asked  to  make  a  close  inspection 
of  their  photographic  traces. 

Experiments  upon  Piers. — At  the  end  of  March  Professor  H.  IT.  Turner, 
F.R.S.,  visited  Shide,  where,  in  conjunction  with  your  Secretary,  he 
measured  the  stiffness  of  various  piers  employed  to  carry  seismographs. 
To  make  a  measure  of  this  description  a  rope  was  tied  round  the  column 
to  be  tested  about  2  inches  from  its  top.  A  spring  balance  was  attached 
to  this,  and  a  pull  of  from  5  to  .'50  Ib.  was  exerted,  with  the  result  that  the 
column  was  deflected.  These  deflections  wore  measured  by  an  astro- 
nomical level  standing  on  the  column,  and  in  certain  instances  also  by 
the  deflection  of  the  boom  of  horizontal  pendulums.  The  stiffest  column 
tested  was  a  12-ineh  earthenware  drain  pipe,  3  feet  in  length.  The  appa- 
rent deilection  was  O'^OS)  per  one-pound  pull.  A  brick  column  6  feet  in  ' 
height,  and  in  cross-section  3  feet  by  1  foot  6  inches,  had  per  Ib.  pull  r 
deflection  angle  in  directions  parallel  to  its  sides  of  0"'192  and  0  r<05,  the 
latter  referring  to  its  greatest  width. 

II.  On  Earthquake  Record*  obtained  at  Stations  on  deferent  Geological 
Formation*. — The  recoHs  referred  to  in  this  note  were  obtained  at  Kew, 
Shide,  Bidston,  and  Edinburgh.  The  instruments  used  were  Milne 
horizontal  pendulums  with  photographic  recording  apparatus.  They  were 
similarly  installed,  and,  so  far  ;is  it  has  been  practical,  were  kept  with 
similar  adjustments.  The  geological  formations  at  these  four  stations  may 
be  briefly  described  as  follows  : — 

Kn<\ — Thick  alluvial  deposits  of  the  Thames  Valley,  which  in  their 
upper  parts  at  least  aro  saturated  with  water. 

Shide. — Here  the  pier  carrying  the  instrument  rests  upon  the  dis- 
integrated outcrop  of  bedr,  of  chalk  which  form  the  east  and  west  backbone 
of  the  Islo  of  Wight.  These  beds  plunge  at  a  steep  Jingle,  to  rise  again  as 
a  series  of  chalk  downs  to  the  north  of  the  Solent  beyond  Portsmouth. 

Jlidston. — The  Observatory  at  Bidston  is  situated  on  New  Red  sand- 
stone. 

Edinlnryh. — Blackford  3  Fill,  on  which  the  Royal  Observatory  is 
situated,  is  a  great  sheet  of  '  felstone '  or  porphyrite  of  Paleozoic  age. 

The  records  obtained  from  these  stations  are  as  follows  ; — 
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Eartliquake  Frequency. — As  it  is  possible  that  an  entry  which  only 
refers  to  one  station  and  does  not  appear  to  have  been  noticed  in  Europe 
may  not  have  had  a  seismic  origin,  in  the  summation  of  the  above  lists 
such  entries  have  been  omitted.  Adopting  this  precaution,  the  number 
of  earthquake  records  obtained  at  the  different  stations  are  as  follows  : — 

Bidston,  33  or  36  ;  Shide,  31  or  33  ;  Kew,  26  ;  Edinburgh,  21. l 

Earthquake  Duration. — In  summing  up  the  total  number  of  minutes 
during  which  the  pendulums  have  been  moved,  only  the  fourteen  earth- 
quakes are  considered  which  were  recorded  or  might  have  been  recorded 
at  the  four  stations.  The  results  in  minutes  are  as  follows  : — Bidston,  919  ; 
Shide,  887  ;  Edinburgh,  825 ;  Kew,  761. 

Accuracy  in  f Jin  Observation  of  Tinws  of  Commencements. — The  greatest 
possible  difference  in  time  we  should  consider  likely  to  exist  between  the 
commencement  of  movement  for  a  given  earthquake  at  two  stations  would 
be  for  disturbances  travelling  in  a  northerly  or  southerly  direction  between 
Shide  or  Kew  and  Edinburgh,  and  this  could  not  be  expected  to  exceed 
five  minutes.  Between  Shide  and  Kew  there  might  be  a  difference  of 
one  minute,  whilst  between  Bidston  and  the  remaining  stations  the 
differences  should  not  exceed  two  and  a  half  minutes.  Jn  the  columns 
relating  to  these  differences  the  zero  indicates  the  station  at  which  motion 
was  lirst  recorded.  The  minutes  which  elapsed  before  the  same  dis- 
turbance was  noted  at  the  remaining  stations  are  indicated  by  numerals 
to  the  right  or  left  of  the  zero. 

A  minus  sign  following  one  of  these  numerals  indicates  that  the  time , 
interval  exceeds  the  expected  interval,  whilst  a  plus  sign  indicates  thaj 
the  numeral  is  a  possible  quantity.     For  the  second  entry  the  four  minv 
signs  indicate  that  there  are  not  even  two  entries  which  are  comparabl" 
In    the   third  entry   for    February    \-\   Edinburgh    and   Bidston,    like 
Edinburgh  and  Kew,  are  possible  figures,  and  therefore  these  three 
stations  are  credited  with  a  plus. 
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1  74  per  cent,  of  the  Shide  records  are  common  to  Kew,  and  88  per  cent,  of  the 
Kew  records  are  common  to  {Shide.    See  pp.  42, 43. 


48  REPOBT— 1901. 

Proceeding  in  this  manner,  we  find  that  out  of  the  eleven  earthquakes 
considered,  the  number  of  commencements  which  may  approximate  to 
correctness  are  as  follows  : — Kew,  8  ;  Edinburgh,  8  ;  Shide,  6  ;  Bidston,  4. 

In  considering  these  results  it  must  be  remembered  that  the  earth- 
quakes considered  are  for  the  most  part  small,  and  the  difficulty  of  accu- 
rately ,v  *\  •••'•  L:  a  small  seismogram  is  greater  than  when  analysing  one 
that  is  large. 

Amplitudes. — For  seven  earthquakes  the  sum  of  the  amplitudes  of 
motion  reckoned  in  millimetres  at  the  four  stations  are  as  follows  :  — 
Shide,  17-3;  Bidston,  14'7  ;  Edinburgh,  12-8;  Kew,  12-1.  Assuming 
that  these  displacements  represent  tiltings,  which  is  improbable,  the 
results  are  as  follows :— Kew,  9"-8 ;  Shide,  8"-0  ;  Edinburgh,  5"-7  ; 
Bidston,  5"-l. 

The  following  four  figures  are  sketches  made  from  seismograms 
obtained  on  the  specified  dates  at  Kew,  Shide,  Bidston,  and  Edinburgh. 
The  figures  following  the  letter  S  indicate  the  number  of  millimetres 
equivalent  to  one  hour  : — 


FIG.  1.    January  18,  1901. 
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III.  On  the  Records  from  two  similar  Seismographs  at  Kew. 
From  the  National  Physical  Laboratory.    By  CHARLES  CHREE. 

A  Milne  *-"i  -ir,o«v.irh.  No.  31,  intended  for  Coimbra,  was  set  up  for 
examination  at  the  .National  Physical  Laboratory  on  October  30,  1900, 
its  pendulum  being  at  the  same  level  and  having  the  same  orientation  as 
that  of  the  seismograph  No.  9  belonging  to  the  Laboratory.  The  points 
of  suspension  of  the  two  pendulums  were  about  1 1  feet  apart.  At  first 
the  supports  of  No.  31  rested  simply  on  the  stone  floor,  while  those  of 
No.  9  passed  through  the  floor  down  to  a  cement  bed.  After  a  month's 
trial,  however,  the  seismographs  were  interchanged,  with  a  view  to  elimi- 
nating the  difference,  if  any,  between  the  supports.  The  instruments 
were  adjusted  to  nearly  the  same  sensitiveness  (assuming  identity  of  gauge) ; 
they  had  very  approximately  the  same  period  and  the  same  rate  of 
subsidence  of  artificially  produced  vibrations. 

Seven  considerable  earth  tremors  were  recorded  by  both  instruments. 
In  the  four  largest  the  times  of  commencement  of  the  *  preliminary 
tremors'  shown  by  the  two  traces  were  in  excellent  agreement,  no  differ- 
ence exceeding  0-2  minute.  In  the  other  three  cases  the  apparent  times 
differed  by  from  1-7  to  4-(i  minutes,  the  difference  being  greatest  for  the 
smallest  tremors.  The  times  of  commencement  of  the  large  movements 
agreed  better  than  those  of  the  preliminary  tremors. 

As  will  be  seen  by  a  comparison  of  figs,  f)  and  6,  there  were  conspicuous 
differences  in  details  in  the  records  from  the  two  instruments.  This, 
presumably,  is  mainly  due  to  the  supports.  The  instrument  standing  on  the 
floor  had,  as  a  rule,  a  lessened  amplitude  of  vibration,  the  reduction  ave- 
raging some  30  per  cent.  There  were,  however,  not  infrequent  exception 

FIG.  5.    December  25,  11)00. 
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to  the  general  rule.  After  allowing  for  the  supports,  a. small  difference  still 
remained  between  the  instruments,  the  mean  apparent  amplitude  of  dis- 
turbed movements  being  some  10  per  cent,  greater  for  No.  31  than  for  No.  9. 
During  the  comparison  the  observer,  Mr.  Constable,  noticed  that  on 
certain  days  of  high  wind  the  trace  from  the  seismograph  standing  on  the 
floor  showed  numerous  small  movements,  many  possessing  distinct 
asymmetry.  Further  investigation  showed  that  these  undoubtedly  arose 
from  vibrations  set  up  in  the  building  by  the  gusts  of  wind.  Minuter 
examination  showed  that  the  phenomenon  also  occurred,  though  to  a 
much  smaller  extent,  in  the  traces  from  the  seismograph  on  the  cement 
bed.  Wind  is  thus  clearly  a  cause  of  not  infrequent  tiny  movements, 
whose  source  had  hitherto  escaped  detection. 


IV.  Movements  of  Horizontal  Pendulums  in  relation  to  Barometric  Pressure. 

For  many  years  it  has  been  recognised  that  there  is  a  relationship 
between  the  movements  of  horizontal  pendulums  and  fluctuations  in 
barometric  pressure.1 

An  important  and  apparently  practical  addition  to  our  knowledge  on 
this  subject  has  recently  been  made  by  Mr.  F.  Napier  Denison,  of 
Victoria,  B.C.,  in  a  contribution  to  the  Royal  Meteorological  Society, 
entitled  'The  Seismograph  as  a  Sensitive  Barometer/  The  instrument 
referred  to  is  the  one  adopted  by  the  British  Association.  Briefly  stated, 
Mr.  Denison's  conclusion  is  that  the  pendulum  swings  towards  the  area 
of  greatest  barometric  pressure.  For  example,  it  has  been  found  that 
when  a  storm  area  is  approaching  from  the  westward  the  boom  of  the 
pendulum  moves  steadily  to  the  eastward,  and  this  often  occurs  eighteen 
to  twenty-four  hours  before  the  local  barometer  begins  to  fall.  On  the 
contrary,  should  there  be  an  important  high  area  to  the  West,  the 
pendulum  will  swing  in  that  direction  before  it  is  possible  to  ascertain 
the  position  of  such  an  area  on  the  current  weather  charts. 

As  partial  confirmation  of  Mr.  Denison's  observation,  it  may  be  men- 
tioned that  a  gradual  but  decided  movement  of  the  Shide  pendulum 
towards  the  West  precedes  stormy  weather,  whilst  in  the  Report  for  1895 
referred  to  above  there  are  tables  showing  a  close  relationship  between 
displacements  of  pendulums  in  Tokio  and  the  barometric  gradients  at  that 
place. 


V.  An  Attempt  to  Detect  and  Measure  any  Relative  Movement  of  the 
Uynvay,  that  may  now  be  takiny  place  at  the  Ridyeway  Fault,  near 
Strata  Dorsetshire.  Second  fieport  by  Ho  HACK  DARWIN,  June  1901. 

Many  of  the  early  readings  have  been  found  to  be  of  no  value,  because 
water  had  got  into  the  vessels  ••  '  ;\-  !•,_  the  oil  and  had  blocked  its  free 
passage  through  the  pipe  ;  this  -i  •.  .  has,  we  hope,  been  overcome  by 
making  the  covers  of  the  vessels  more  completely  watertight. 

1  See  Reports  on  *  Earthquake  and  Volcanic  Phenomena,'  issued  by  the  British 
Association  in  1883,  3885,  1887,  1888,  1892,  1893,  1895,  1890. 

For  a  theoretical  discussion  of  this  subject  see  '  Applications  of  Physics  ;md 
Mathematics  to  Seismology,1  by  Dr.  C.  Chree,  Phil.  Mag.,  March  1807,  p.  185. 
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No  slip  of  the  Fault  has  been  detected  at  present ;  but  we  should 
hardly  expect  a  definite  result  during  the  short  time  in  which  the  appa- 
ratus has  been  in  working  order. 

The  results  obtained  so  far  have  been  of  use  in  pointing  out  the 
difficulties  to  be  overcome  and  the  various  defects  of  the  instrument. 
The  movement  of  the  ground  caused  by  slight  earthquakes  and  earth- 
tilts  is  one  of  these  difficulties,  and  our  experiment  on  April  24  brought 
this  to  light  in  a  very  striking  manner.  The  instrument  was  placed  at 
the  station  SS.  at  the  south  end  of  the  pipe,1  and  readings  were  taken 
every  few  minutes  from  1  to  3  P.M.  These  readings  give  the  relative 
movement  of  a  tixed  point  in  the  strata  and  the  surface  of  the  oil.  The 
movement  was  most  irregular,  and  during  that  time  the  maximum 
displacement  was  about  0*3  mm.  This  can  only  mean  that  a  line  passing 
through  fixed  points  in  the  rock  was  constantly  changing  its  angle  with 
the  horizon  ;  and  that  the  oil  was  always  flowing  backwards  and  for- 
wards in  its  attempt  to  remain  level.  At  about  1.40  P.M.  the  value  of 
the  readings  reached  a  minimum,  and  then  began  to  increase,  showing 
that  the  angular  movement  of  the  strata  changed  its  direction  at  this 
time.  If  we  assume  that  the  oil  was  level  when  the  two  readings  were 
taken  which  differed  by  about  O3  mm.,  it  shows  that  the  rock  tilted  through 
an  angle  of  about  six  and  a  half  seconds. 

No  doubt  there  was  an  exceptionally  large  movement  due  to  slight 
earthquakes  and  earth-tilts  during  the  time  that  these  observations  were 
being  taken,  as  Mr.  J.  Milne  tells  me  that  his  large  pendulum  at  Shide, 
Tsle  of  Wight,  was  swinging  regularly,  and  that  this  is  supposed  to  be 
due  to  earth  pulsations. 

A  telegram  from  Rome  appeared  in.  the  daily  papers  reporting  a  slight 
earthquake  on  April  24  at  3.30  P.M.  at  Lisbon,  and  a  severe  shock  at 
4.30  P.M.  in  Algarve,  near  Lisbon.  (4.30  P.M.  at  Lisbon  is  5.7  Greenwich 
time.) 

A  note  appeared  in  *  Nature 'of  July  18,  1!)01,  saying  that  an  accounl 
of  the  earthquake  of  April  21  in  the  i:«  i-jlibi-jirli'i'-d  of  Palombara  Sabimi 
is  given  by  l)r.  Luigi  Palazzo  in  the  *  Atri  dei  Lincei/  x.  D.  lie  thinks  i\ 
probable  that  the  epicentre  was  at  a  sulphur  spring  about  a  kilometre 
distant  from  Cretone,  and  that  the  origin  of  the  shock  was  in  the  strata 
from  which  the  spring  arises,  at  a  comparatively  small  depth.  Consider- 
able damage  was  done  at  Cretone.  The  shock  was  registered  at  the 
Central  Meteorological  Office  at  about  15h.  20m.  25s.  Italian  time  :  this  ii 
2h.  20m.  25s.  P.M.  Greenwich  time. 

Mr.  Hollo  Russell  noticed  an  unusual  agitation  of  the  .sea  at 
Bournemouth  on  April  24  at  7.50  A.M.,  and  between  12  and  1  P.M.  Then 
was  also  an  exceptionally  lai'ge  wave  soon  after  3  o'clock.2 

Mr.  C.  Davison  -;  thinks  that  the  disturbances  may  have  been  due  t( 
the  firing  of  heavy  guns.  The  disturbances  were  noticed  in  South  Devoi 
and  Guernsey  as  well  as  at  Bournemouth. 

The  movement  of  the  earfh  on  April  24  was  no  doubt  exceptionally 
large,  but  observations  at  other  times  lead  me  to  think  that  such  move 
ments,  due  to  slight  earthquakes  and  earth  tilts,  take  place  very  frequently 

1  A  lead  pipe  connects  four  vessels  which  contain  oil ;  they  are  in  a  straight  lin 
at  right  angles  to  the  Fault ;  two  of  them  are  on  each  side  of  it  at  four  and  a  hal 
and  nine  metres  from  it. 

2  See  Mature,  May  2,  1001  3  Nature,  June  C,  1901. 
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and  these  are  sufficiently  large  to  make  the  last  two  figures  in  the  delicate 
micrometer  measurements  almost  useless. 

I  hope  to  reduce  this  motion  of  the  oil  by  making  the  holes  through 
which  it  enters  and  leaves  the  vessels  sufficiently  small  to  damp  the  oscil- 
latory movement  without  preventing  the  oil  finding  its  own  level. 

A  similar  instrument  fixed  to  the  rock  at  a  place  where  there  is  no 
Fault  would  give  a  delicate  and  accurate  method  of  measuring  these  slow 
earth-tilts. 

Tables  of  Certain  Mathematical  Functions. — Report  of  the  (Committee, 
consisting  of  Lord  KELVIN  (Ohairma^i)^  Lieutenant-Colonel 
ALLAN  CUNNINGHAM,  R.E.  (.S.nv/</ /•//),  Dr.  J.  W.  L.  GLAISHER, 
Professor  A.  G.  GREENHILL,  Professor  W.  M.  HICKS,  Professor  A. 
LODGE,  and  Major  P.  A.  MACMAHON,  R.A.,  appointed  for  calculating 
Tables  of  Certain  Mathematical  Functions,  and,  if  necessary,  for 
taking  steps  to  carry  out  the  calculations,  and  to  publish  the  results  in 
an  accessible  form. 

THE  printing  of  the  *  Binary  Canon  '  was  finished  at  end  of  last  year. 
The  work,  as  printed  oiT,  has  been  read  again  with  the  MS.  ;  a  list  of  the 
few  misprints  discovered  has  been  issued  with  the  volume.  The  edition 
is  250  copies,  of  which  100  have  been  bound.  Arrangements  have  been 
made  with  Messrs.  Taylor  &  Francis,  of  Red  Lion  Court,  Fleet  Street,  for 
publication  on  the  usual  terms  :  the  sale  price  will  be  15,s'.  About  thirty- 
six  presentation  copies  have  been  given  away  to  various  public  bodies,  to 
reviewers,  and  to  those  concerned  in  the  work  itself.  The  whole  of  the 
grants  received  (757.  from  the  British  Association  and  GO/?,  from  the 
Royal  Society  of  London),  total  135£.,  has  been  expended. 

The  Committee  wish  now  to  recommend  that  a  large  set  of  nfiw  tables 
of  Quadratic  Partitions,  prepared  by  Colonel  A.  Cunningham  (for  the 
checking  of  which  a  grant  of  30/.  has  already  been  made  by  the  Royal 
Society  of  London),  should  be  published  by  the  British  Association,  and 
hereby  apply  for  a  grant  of  SOL  for  the  same. 

Meteorological  Observations  on  Ben  Nevis.—  ftvpnrl  <f  tJie  Committee, 
consisting  of  Lord  M'LAREN,  Professor  A.  CIUIM  BROWN  (Secretary), 
Sir  JOHN  MURRAY,  Professor  R.  COPELAND,  and  Dr.  ALEXANDER 
BUCHAN.  (Drawn  up  by  Dr.  BucilAN.) 

THE  Committee  are  appointed  for  the  purpose  of  co-operating  with  the 
Scottish  Meteorological  Society  in  making  meteorological  observations  at 
the,  two  Ben  Nevis  Observatories. 

The  hourly  eye  observations,  made  by  night  as  well  as  by  day,  have 
been  regularly  made  by  Mr.  Angus  Rankin,  the  superintendent  and  his 
assistants. 

The  health  of  the  observers  has  continued  good  since  last  report,  with 
the  exception  of  Mr.  Rankin,  who  has  not  yet  quite  recovered  from  the 
two  severe  attacks  of  influenza  he  has  had.  The  directors  desire  to  ex- 
press their  cordial  thanks  to  Messrs.  W.  Gentle,  R.  C.  Marshall,  and 
T.  Affleck  for  the  invaluable  services  they  rendered  last  summer  as  volun- 
teer observers,  thus  rendering  it  possible  to  give  the  members  of  the  staff 
the  rest  they  need  from  their  arduous  work. 
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The  principal  results  of  the  observations  made  at  the  two  observa- 
tories during  1900  are  detailed  in  Table  I. 

TABLE  I. 


1900 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

Mean  Pressure  in  Inches. 

Ben  NevisOb- 

25-160 

24-918 

25-417 

25-268 

25-349 

25-386 

25-460 

25-460 

25-475 

25-247 

25-123 

25-041 

25-275 

servatory 

Port  William 

29-765 

29-545 

30-087 

29-843 

29-907 

29-859 

29-926 

29-948 

30-004 

29-816 

29-685 

29-592 

29-831 

Mfferences    . 

4-605 

4-627 

4-670 

4-675 

4*568 

4-473 

4-475 

4-488 

4-529 

4-569 

4-562 

4-561 

4-556 

Mean  Temperatures. 

Ben  Nevia  Ob- 

24°-3 

0 

18-9 

2-4 

29% 

32-5 

4ft 

0 

42-3 

40°8 

39°-7 

0 

30-4 

28°-8 

A 

31°-6 

servatory 

Fort  William 

40-1 

33-3 

•9 

44-9 

49-4 

56-6 

57-4 

56-4 

53-4 

45-8 

42-4 

43-4 

46-8 

Differences  . 

15-8 

14-4 

•5 

15-9 

16-9 

14-8 

15-1 

15-6 

13-7 

15-4 

13-6 

16-0 

15-2 

Extremes  of  Temperature,  Maxima. 

Ben  Nevis  Ob-     35-8  ;    31*4 

37-0 

45-2      47-0  i    55-2 

54-0 

61'0 

69-4      44-0 

41-5  ,    40*0 

61-0 

servatory 

i 

Fort  William 

52-4 

19-5 

52-0      67-5 

68-6      79-0 

71-3 

76-1 

70-0      63-9 

58-0 

68-1 

79-0 

Differences  . 

16-6 

17-9 

15-0  i    22-3      21  6       23  8       17'3 

15-1 

10-6 

19-9 

16-5 

18-1 

23-8 

Extremes  of  Temperature, 

Minima. 

Ben  Nevis  Ob- 

15-0 

6-0 

9-3  .    16-2 

19-8      32'8      30-3 

28-7 

24-8      19-4 

18-6      18-5        6-0 

servatory 

Port  William 

29-4       10-0 

23-0      30-2       34-7      41  7 

37-8 

41-0 

34-0  i    27-6 

28-1   !    28-9 

10-0 

Differences 

14-4         4-0 

13-7       14'U 

14'9        8  9        7-5 

12-3 

92        8-2 

9-5  !    10-4 

4-0 

Ifainfall,  in  Inches. 

Ben  NevisOb-,  35-32,     7'76      3-84    20-22    11-76      6-97 

13-12 

11-86 

16-96     20-93  ; 

10-28  |  48-34  210-3^ 

servatorj 

i            j 

Fort  Wilhnm 

9-99 

3-26       0-64 

5-87  ,     »>04      4-40 

4-51 

6-06 

7-40  j     8-80 

4-37 

20-85 

82-; 

Differences    . 

25-33 

4-49|     3-20 

14-35       8-72 

2-57 

8-61! 

5-79 

9-60  j  12-lo 

5-91 

27-19 

12" 

Number  of  Days  1  in.  or  more  fell. 

Ben  Nevis  Ob- 

13           2 

1           9.5           0|1 

5 

t; 

7 

,       2 

18     t     69 

servatory 

! 

J 

1 

Fort  William 

2 

0 

0           0;2 

0    !      (i 

1       2            2 

1 

0 

6          15 

Differences  . 

11 

2 

1 

9           3 

(i          1 

3 

4           6 

!      2         12 

54 

Number  of  Days  O'Ol  in.  or  wore  fell. 

Ben  Nevis  Ob- 

30 

20 

16 

21 

20 

21          28 

18     ,     23          26 

24 

30 

276 

servat/orv 

Fort  William 

28 

17 

10 

22 

18 

17         24 

16 

19 

24 

20 

31 

246 

Differences   . 

2 

3 

5        +1 

2           4)4 

2 

4 

2 

4        +1          30 

Mean  Ifainband  (scale  0-8). 

Ben  Nevis  Ob-      — 

1-1         1-tt                     —         IN         2-9 

:t-2    '     2-5    I      — 

i      1  ti 

1-9 

servatory 

Fort  William       3-7        :t-u 

2-7 

3-1 

3-6         1-0 

1-8 

i-l 

4-0 

3-8 

:)-6 

4-0 

3-7 

Number  of  Hours  of  Hright 

Sunshine. 

Ben  Nevis  Ob-        4 

34 

103 

8U 

98 

139 

48 

92 

75         21 

17         4          718 

servatory 

Fort  William 

15 

52 

119 

121 

145 

182 

97 

139 

86 

59 

21         1 

1,040 

Differences   . 

11 

18 

16           11         47 

43 

49 

47 

11 

35 

7  ,  +3 

322 

Mean  Hourly  Velocity  of  Wind,  in  Miles. 

Ben  Nevis  Ob- 

18 

19 

9 

10 

14 

11     1     11 

11 

12           6 

12 

16 

12 

servatory 

1 

Percentage  of  Cloud. 

BenNevis  Ob- 

96 

80 

70 

70 

82 

79 

93 

81 

78 

90 

89 

97 

84 

servatory 

For».  William 

84 

72 

64 

68 

75 

72 

88 

72 

70 

63 

66 

86 

73 

Differences  . 

12 

8 

6 

2 

7 

7 

5 

12 

8 

27 

23 

11 

11 

This  table  shows  for  1900  the  mean  monthly  and  extreme  temperature 
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and  pressure  ;  the  amounts  of  rainfall,  the  number  of  days  of  rainfall,  and 
days  on  which  it  equalled  or  exceeded  one  inch  ;  the  hours  of  sunshine  ; 
the  mean  percentage  of  cloud  ;  the  mean  rainband  ;  and  the  mean  velocity 
in  miles  per  hour  of  the  wind  at  the  top  of  the  mountain.  The  mean 
barometric  pressures  at  Fort  William  are  reduced  to  32°  and  sea  level,  but 
those  at  Ben  Nevis  Observatory  to  32°  only. 

At  Fort  William  the  mean  atmospheric  pressure  was  29*831  inches, 
or  0-026  inch  under  the  average.  The  mean  at  the  top  was  25-275  inches, 
or  0-031  under  the  average.  The  mean  difference  for  the  two  observa- 
tories was  4-556  inches.  At  the  top  the  absolutely  highest  pressure  for 
the  year  was  25-974  inches  in  March,  this  being  the  highest  hitherto 
recorded  in  March,  and  the  lowest  23  972  inches  in  December  ;  and  at 
Fort  William  the  highest  was  30-687  inches,  and  the  lowest  28-411  inches 
in  the  same  months,  the  differences  being  respectively  2-002  inches  and 
2-276  inches. 

The  deviations  of  the  mean  temperatures  of  the  months  from  their 
respective  averages  are  shown  in  Table  IT.  : — 


TABLE  II. 


January 

February 

March 

April 

May 


Fork 

Top  of 

William. 

Ben  Nevis. 

o 

o 

.  +1-0 

+  0-3 

July, 

.    -5-0 

—  5*0        i       August 

.    -2-0 

-1-2              September 

.   -0-2 

-hl-0              October    . 

,    -0-7 

—  0'5               November 

.    +12 

-i-  2  '5               December 

Fort         Top  of 
William.  Ben  Nevis. 


+0~7 
0-0 
+0'4 
-0-8 
-0-4 
+38 


+  1:6 
+0-4 
+1-8 
-1-2 
0-0 
+32 


February  was  the  coldest  month,  the  temperature  at  both  observa- 
tories being  50tO  under  the  average.  In  this  month  south  westerly  winds 
were  six  days  short  of  their  average  prevalence,  and  northerly  winds  four 
days  in  excess.  Hence  the  unusually  low  temperature  which  was  equally 
felt  both  at  the  foot  and  top  of  Ben  Nevis.  On  the  other  hand,  temper- 
ature was  above  the  average  in  the  four  months  from  June  to  September, 
the  excess  10<6  at  the  top  of  Ben  Nevis,  but  only  0°'6  at  Fort  William, 
the  difference  being  due  to  the  frequent  occurrence  of  the  anticyclonic 
type  of  weather  during  the  summer  of  1900.  The  absolutely  highest 
temperature  for  the  year  at  Fort  William  was  79°'0  on  June  13,  and  at 
the  top  61°-0  on  August  13  ;  and  the  lowest  at  Fort  William  10°  '0  on 
February  10  and  12,  and  at  the  top  6°*0  on  February  7. 

In  Table  III.  are  given  for  each  month  the  lowest  observed  hygro- 
metric  readings  at  the  top  of  Ben  Nevis  :  — 


TABLE  III. 


" 

1900 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Dry  Bulb 

0 

21-0 

lf-9 

26-5 

29'2 

36-8 

50-5 

0 

49-8 

53-0 

58-1 

26-2 

27-0 

24-7 

Wet  Bulb 

20-1 

9-2 

19-7 

25-1 

30-2 

40'2 

39-9 

41-0 

41-2 

22-0 

21-1 

22-1 

Dew-point 

-3-0 

-19-7 

-12*9 

10-8 

20-8 

29-9 

29-4 

29-0 

26-0 

4-7 

-6-0 

7-4 

Elastic  Force  . 

•038 

•018 

•023 

•070 

•112 

•166 

•162 

•160 

•141 

•054 

•032 

•060 

Relative  Humidity 

29 

23 

16 

44 

51 

45 

46 

39 

29 

40 

22 

45 

[Sat.  =  100] 

Day  of  Month 

10 

11 

4 

27 

16 

3 

10 

15 

13 

10 

18 

4 

Hour  of  Day  . 

23 

23 

1 

20 

8 

17 

20 

8 

1(5 

6 

2 

7 
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Of  these  relative  humidities  the  lowest,  16,  occurred  on  March  4  with 
a  dew-point  of  — 12°*9.  Tho  lowest  dew  point,  —  19°*7,  occurred  on 
February  11,  the  dry  bulb  being  12°*9  and  the  wet  bulb  9° -2.  A  marked 
feature  of  the  table  is  the  singularly  high  minimum  humidities  in  April, 
May,  June,  July,  and  December. 

The  rainfall  for  the  year  at  the  top  was  210*34  inches,  being 
52*61  inches,  or  33  per  cent.,  above  the  average.  This  large  rainfall  has 
been  exceeded  only  by  that  of  1898,  which  amounted  to  240*05  inches. 
The  December  amount,  48*34  inches,  is  the  largest  monthly  fall  yet 
recorded  at  the  Ben  Nevis  Observatory.  Tho  following  are  the  four 
wettest  months  of  the  year  : — 

Inches 

December 4831 

January 35  32 

October 20 1KJ 

April 20-22 


Total         ,         .         .  124-81  in  four  months. 

Taking  Scotland  as  a  whole,  the  year  1900  was  one  of  the  wettest  yet 
recorded,  and  has  been  only  exceeded  by  the  rainfall  of  1872.  Excep- 
tionally heavy  daily  rainfalls  were  of  frequent  occurrence,  the  two 
heaviest  being  6'81  inches  on  January  22,  and  5*41  inches  on  December  8. 
At  Fort  William  the  annual  rainfall  was  82'19  inches,  being  5*28  inches, 
or  7  per  cent.,  above  the  average.  The  largest  monthly  amount  was 
20*85  inches  in  December,  ..  ••••  j  .;•.;.!:  •,•  the  extraordinary  prevalence  of 
south  westerly  wirds  during  the  month. 

At  the  top  of  Ben  Nevis  the  number  of  rainy  days  was  276,  and  at11 
Fort  William  246.     At  the  top  the  maximum  monthly  was  30  days  in 
January  and  December,  and  at  Fort  William  31  days  in  December  and 

28  days  in  January.     In  March  there  were  only  15  rainy  da\s  at  the  top 
and  10  days  at  Fort  William.     During  the  year  the  number  of  days  on 
which  1  inch  of  rain  or  more  fell  at  the  top  was   69,  whereas  at  Fort 
William  the  number  of  days  was  only  15. 

The  sunshine  recorder  on  Ben  Nevis  showed  718  hours  out  of  a 
possible  of  4,470  hours,  or  16  per  cent,  of  the  possible  sunshine.  The 
average  of  the  past  17  years  being  747  hours,  the  sunshine  of  1900  was 

29  hours  under  the  average.     The  two  maximum  months  are  June,  139 
hours,  and  March,  103  hours,  and  the  two  minimum  luonths  January  and 
December,  with  4  hours  each.     At  Fort  William  the  number  of  hours 
was    1,040.     This  is  lower    than  any  recorded  since  these  observations 
began  to  be  made,  except  in  1896,  when  the  number  was  1,036  hours. 
The  maximum,   182,  was    recorded  in  June,  and  the  minimum,   I  hour 
only,  in  December.     This  is  the  lowest  minimum  yet  recorded,  but  the 
same  low  minimum,  1    hour,  was  also  recorded  at  the  top  for  December 
1883.     In  the  three  summer  months,  June,  July,  and    August,  of   1899 
the  hours  of  sunshine  at  the  top  were  425,  and  at  Fort  William  488  ;  but 
in  the  same  months  of  1900  these  were  respectively  only  279  and  418. 

At  the  Ben  Nevis  Observatory  the  mean  percentage  of  cloud  was  84, 
and  at  Fort  William  73,  both  being  very  nearly  the  average.  At  the  top 
the  high  mean  percentages  of  97  in  December  and  96  in  January  were 
observed  ;  and  at  Fort  William  88  per  cent,  in  July  and  86  in  December. 

Auroras  were  observed  only  once,  viz.,  March  2.  This  is  in  accord- 
ance with  the  number  of  sunspots  being  near  the  minimum  at  this  time. 
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St.  Elmo's  Fire  was  seen  on  January  19,  20  ;  February  18  ;  June  30  ; 
and  July  24. 

Zodiacal  Light  : — Not  observed  during  the  year. 
Thunder  and  Lightning  :— June  11,  12,  13,  20,  21. 
Lightning  only  : — December  13. 

Solar  Halos  : — March  23  ;  April  1  ;  June  21  ;  September  26. 
Lunar  Halos  .-—February  7,  9  ;  March  17,  18,  19  ;  July  13;  October 
3,  30  ;  November  8  ;  December  3,  4. 

During  the  past  year  much  of  Dr.  Buchan's  time  has  been  occupied  in 
a,  larger  investigation  than  has  hitherto  been  attempted  of  the  fogs  and 
of  the  storms  of  winds  round  the  Scottish  coasts.  These  two  distinct 
inquiries  are  based  on  the  observations  made  at  the  sixty- live  Scottish 
lighthouses  night  and  day  down  to  December  1900. 

As  regards  the  fogs,  the  results  show  the  mean  monthly  and  annual 
number  which  have  occurred  at  each  of  the  sixty-five  lighthouses  from 
1880  to  1900,  the  number  of  hours  fog  has  prevailed  during  these 
twenty  years,  and  the  mean  number  of  hours  the  fog  on  its  occurrence 
lasts  at  each  place.  As  regards  storms  of  wind,  similar  results  have  been 
worked  out  for  the  twenty  years  ending  1900. 

Now  as  regards  weather  forecasting,  fogs  are  among  the  more  pro- 
minent of  the  phenomena  attending  on  the  anticyclone  ;  and  storms  of 
wind,  rain,  and  snow  are  the  most  prominent  features  of  the  weather 
phenomena  attending  the  cyclone.  Diagrams  giving  these  results  show 
that,  as  regards  storms,  the  number  which  occur  in  each  month  strictly 
follow  the  sun,  the  maximum  number  being  in  December  and  the 
minimum  in  June.  This  is  the  relation  observed  for  the  Mnrm-  •  ••  .  ••:•_: 
^n  Scotland  taken  as  a  whole. 

On  the  other  hand  fogs  also  follow  the  sun  in  the  number  of  the 
monthly  occurrences,  but  in  a  reverse  order,  the  maximum  number 
occurring  in  June  and  the  minimum  in  December.  It  is  to  be  observed 
that  the  maximum  period  includes  the  two  months  June  and  July,  and 
the  minimum  the  three  months  November,  December,  and  January. 

These  elaborate  papers  on  storms  and  fogs  are  merely  introductory  to 
the  wider  discussion  of  weather  phenomena  which  has  been  undertaken 
touching  the  relations  of  the  Ben  Nevis  observations  to  storms  of  winds, 
widespread  clouded  skies,  severe  storms  of  rain  and  snow,  and  fogs  to 
the  changing  positions  day  by  day  of  the  cyclones  and  anticyclones  of 
North-western  Europe.  This  research  involves  an  analysis  of  the  daily 
weather  maps  for  Scotland,  showing  for  each  day  from  July  17,  1890,  to 
this  date  the  geographical  distribution  of  storms  of  wind,  the  rainfall, 
thunderstorm,  aurora,  and  other  weather  phenomena  appended  as  sup- 
plements to  the  bi- daily  weather  maps  issued  by  the  Meteorological 
Council.  It  will  be  at  once  evident  that  this  research  necessitates  heavy 
labour,  stretching  over  a  long  period — from  two  to  three  years  at  least. 

Mr.  Omond's  time  during  the  past  year  has  been  largely  directed  to 
the  utilisation  of  the  observations  made  at  the  High  Level  observatories 
of  Europe  viewed  in  connection  with  the  Ben  Nevis  observations  and 
their  bearings  on  weather  changes.  In  connection  with  this  work  the 
observations  at  the  following  High  Level  observatories  are  being  utilised  : 
In  France — Barcelonette,  3,714  feet  ;  Servance,  3,990  feet ;  Gavarnie, 
4,452  feet;  Puy-de-D6me,  4,813  feet;  Aigoual,  5,099  feet;  Mont 
Ventoux,  6,234  feet;  and  Pic  de  Midi,  9,380  feet.  In  Germany  — 
Brocken,  3,766  feet ;  and  Schneekoppe,  5,259  feet.  In  Austria — 
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Semmering,  3,297  feet ;  Crkvice,  3,599  feet ;  St.  Anton,  4,285  feet ; 
Marienberg,  4,341  feet  ;  Schneeberg,  4,810  feet ;  Schafberg,  5,827  feet ; 
Kathhausberg,  6,283  feet ;  Schnittenhoe,  6,349  feet ;  Obirgipfel,  6,706  feet ; 
and  Sonnblick,  10,154  feet.  In  Italy — Monte  Cave,  3,166  feet;  and 
Monteversine,  4,518  feet.  In  Switzerland — Chaumont,  3,701  feet  ;  Rigi 
Kulm,  5,873  feet  ;  Santis,  8,094  feet ;  and  Great  St.  Bernard,  8,130  feet. 
In  Algeria— Teniet-el-Haal,  3,738  feet ;  and  Aflou,  4,679  feet. 

Along  with  these  twenty  seven  stations  several  Low  Level  stations 
are  utilised  in  determining  the  vertical  gradients  of  pressure,  tempera- 
ture, and  moisture.  Particular  attention  is  given  to  the  different  direc- 
tions of  the  winds  at  different  heights,  differences  which  so  often  point 
clearly  to  very  different  distributions  of  barometric  pressure  at  the  higher 
levels  of  the  atmosphere  than  what  prevails  at  sea-levels  at  the  same 
time.  It  is  just  these  different  distributions  of  pressure  in  the  higher 
layers  of  the  atmosphere  from  what  prevails  at  sea  level  at  the  same 
time  which  is  most  likely  to  aid  the  forecaster  of  weather  in  seeing  the 
most  probable  distribution  of  the  sea  level  pressure  one  day,  two  days,  or 
even  three  days  in  advance. 

Now  it  was  pointed  out  in  our  report  for  last  jear  that  if  the 
forecaster  can  guess  what  the  distribution  of  the  barometric  pressure  will 
be  at  some  future  time,  he  can  state  what  the  weather  will  be  at  that 
timo.  Hence  the  wv^e  problem  of  forecasting  resolves  itself  foreseeing 
the  arrangement  of  bi  N^etric  pressure  in  the  future.  The  distribution 
of  pressure  does  not  *  '' 'arbitrarily,  but  the  areas  of  high  and  low 
pressures  existing  on  av  s  day  change  into  those  of  the  next  day  by 
movement  over  the  eart»  y  increase  or  diminution  in  intensity,  in, 

accordance  with  physical  1, 

The  scientific  study  of  ^e  causes  of  the  movements  of  these  areas  of 
high  and  low  pressures,  called  respectively  anticyclones  arid  cyclones,  can 
only  be  said  to  be  just  beginning  ;  and  until  this  groat  inquiry  has  made 
some  substantial  progress  we  cannot  have  a  science  of  forecasting,  as  we 
have  now  a  science  of  rliiii.'itnln^iral  meteorology. 

This  is  the  inquiry  which  Mr.  Oniond,  aided  by  the  btaff  of  the 
Scottish  Meteorological  Society,  has  entered  on,  and  like  the  inquiry 
previously  referred  to  will  take  from  two  to  three  years  for  the  prepara- 
tion of  a  report  showing  the  general  relations  of  the  observations  made 
at  the  two  Bon  Nevis  Observatories  to  the  coming  changes  in  the  imme- 
diate future  in  the  distribution  of  the  sea-level  pressures,  which  rule  the 
weather  one  day,  two  days,  or  three  days  in  advance. 

It  is  evident  that  in  carrying  on  this  large  work  Dr.  Buchan  and 
Mr.  Omond  require  the  help  of  well  qualified  assistants,  and  your 
Committee  have  much  pleasure  in  intimating  that  this  has  been  provided. 
As  intimated  in  our  last  report  a  generous  donor  in  July  1 900  sent  a 
handsome  donation  of  300f.  to  the  Directors  of  the  observatories  for  this 
purpose,  and  as  the  result  Mr.  Andrew  Watt,  M.A.,  has  been  on  the 
staff  during  the  past  year.  We  have  the  further  pleasure  of  intimating 
that  another  gentleman,  who  desires  to  be  unknown,  has  fowarded  a 
cheque  for  500/.  to  provide  additional  help  in  carrying  on  these  large  and 
expensive  inquiries.  There  is  thus  every  reason  to  hope  that  the  examina- 
tion and  discussion  of  the  work  of  the  two  observatories  will  be  thorough, 
and  will  have  scientific  utility  in  the  general  study  of  the  phenomena  of 
weather,  and  a  practical  utility  in  its  bearing  on  weather  forecasting. 

It  was  intimated  last  year  that  provision  had  been  made  for   the 
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maintenance  of  the,  observatories  to  the  end  of  1901.  We  have  the 
further  pleasure  of  adding  that  Mr.  Bernard  has  most  generously  given 
a  fourth  donation  of  500/.,  in  addition  to  the  1,500£.  previously  given  by 
him  ;  and  the  Meteorological  Council  have  agreed  to  continue  their  grant 
of  2501.  to  the  Low  Level  Observatory  for  another  year.  Provision  is 
thus  made  for  the  maintenance  of  the  two  observatories  to  the  close 
of  1902. 

In  the  meantime  the  printing  of  the  observations  made  at  the  two 
observatories  since  1888  proceeds,  and  already  the  first  of  the  three 
quarto  volumes  has  been  printed,  .and  will  be  issued  in  the  course  of 
next  winter.  In  addition  to  the  observations,  this  volume  will  also  con- 
tain several  papers  and  discussion,  many  of  which  have  been  laid  before 
the  British  Association  in  our  reports  from  year  to  year.  The  publi- 
cation of  these  volumes  has  been  undertaken  by  the  Royal  Societies 
of  London  and  Edinburgh,  and  the  cost  is  estimated  at  1,000/. 


The  Clearing  of  Turbid  Solittiojis,  and  the  Movement  of  Small  Sus- 
pended Particles  by  the  Influence  of  Light.  By  Professor  G. 
QUINCKE,  of  Heidelberg. 

[Ordered  by  the  General  Committee  to  be  printed  lit  <\rtenso.~\ 

BY  '  turbid  solutions '  or  'suspensions'  (trube  Losungen,  Trubungen)  I 
mean  water  in  which  many  small  solid  or  fluid  particles  are  suspended  for 
a  long  time.  The  small  particles  are  visible  with  the  microscope. 
Colloidal  solutions  with  doubtful  character  will  be  discussed  later. 
. r  Sedimentation,  or  the  formation  of  flocks,  flocking,  is  observed  if  small 
quantities  of  acid  or  salt  solutions  are  brought  into  contact  or  are  mixed 
with  the  turbid  solution. 

For  instance,  the  sandbank  at  the  mouth  of  a  river  is  the  effect  of  the 
clearing  power  of  the  sea  water  on  the  particles  of  clay  suspended  in  the 
fresh  water  of  the  river. 

Turbid  solutions  of  clay,  kaoline,  silica,  gum  mastic-,  aro  flocked  by 
quantities  of  acid  or  salt  so  small  that  the  increase  of  weight  by  the 
clearing  substance  cannot  explain  the  augmented  velocity,  or  the  flocking 
of  the  falling  particles,  or  the  sedimentation  of  the  turbid  solution. 

Franz  Schulzc  l  and  Schloesing  2  found  i,,,1,,,,)  to  i((0\)oo  °f  calcium  or 
magnesium  salts  sufficient  to  clear  suspensions  of  clay.  Bodlander ;i  has 
measured  the  clearing  or  coagulating  power  of  different  salts  for  suspen- 
sions of  kaoline  ;  Hardy  4  for  suspension  of  gum  mastic  ;  Spring  5  for  sus- 
pensions of  gum  mastic,  kaoline,  silica.  Bodlander  found  suspensions  of 
kaoline  flocked  if  the  quantity  of  the  added  salt  is  greater  than  a  distinct, 
very  small  quantity,  the  *  Schwellenwerth '  of  the  clearing  substance. 
Electrolytes  promote,  insulators  retard,  the  clearing  of  the  suspensions, 
(Barus,6  Bodlander).  The  clearing  power  of  a  salt  depends  on  the  valance 
of  the  salt  and  the  kation  of  the  electrolyte  (Hardy,  Spring). 

According  to  Hardy,  the  particles  of  gum  mastic,  or  heat-modified 

Franz  Schulze,  Pogycndorff's  Annalcn,  1806,  vol.  cxxix.  p.  366. 
Ch  Schloesing,  Compt.  Mend.,  1870,  vol.  Ixx.  p.  1345. 
G.  Bodlander,  Gbtt.  Nadir.,  1893,  p.  267. 
W.  B.  Hardy,  Proo.  Roy.  Soc.,  1900,  vol.  Ixvi.  pp.  111-119. 

W.  Spring,  llec.  Trar.  Chim.  des  Pays-Has,  1900,  vol.  x.  (2  ser.    i),  no.  3,  pp. 
222,  294. 

6  C.  Barus,  Phys.  Be'ibl.,  1888,  vol.  xii.  p.  563. 
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proteid  move  in  a  contrary  direction  to  an  electric  current.  In  presence 
of  a  minute  amount  of  barium  chloride  or  free  acid  the  particles  of 
gum  mastic,  or  heat-modified  proteid,  move  with  the  electric  current.  At 
the  isoelectric  point,  for  a  distinct  small  quantity  of  barium  chloride  or 
acid,  the  electric  movement  vanishes  and  coagulation  or  precipitation 
occurs.  An  explanation  of  the  clearing  power  of  the  acids  or  salts  is  not 
given. 

In  the  coagulated  solutions  I  found  Hocks  adhering  to  the  walls  of  the 
glass  vessels  and  many  air  bubbles  distributed  among  the  flocks.  Both 
phenomena  prove  that  on  the  surface  of  the  flocks  at  least,  a  short  time 
after  formation  of  the  flocks,  an  oily  viscous  fluid  exists.  At  the  surface 
of  separation  of  this  oily  fluid  and  the  surrounding  aqueous  fluid,  a 
surface  tension  acts  and  air  bubbles  are  separated,  as  at  the  limit  of  two 
heterogeneous  fluids.  Probably  changes  of  the  surface  tension  of  the 
boundary  of  oily  and  aqueous  fluid  and  the  periodical  spreading  of  hetero- 
geneous liquid  will  excite  vortices  and  unite  the  small  suspended  particles 
and  form  the  flocks.  The  surface  forces  are  the  same  as  the  forces  which 
form  foam-cells  by  the  contact  of  alkaline  oleates  with  water,  which  I 
demonstrated  at  the  meeting  of  the  British  Association  at  Oxford,  1894. 
The  flocking  influence  of  quantities  of  clearing  matter  so  very  small  is 
now  intelligible. 

I  shall  prove  that  this  explanation  is  the  right  one. 

Alcoholic  solution  of  gum  mastic  gives  in  a  large  mass  of  water  many 
unseen  threads  and  foam-walls,  in  which  are  distributed  a  great  many 
small  visible  spheres.  If  copper  sulphate  is  added  to  the  water  with  the 
mastic  foam  the  foam-walls  move  against  the  copper  sulphate,  become 
clearer,  and  are  dissolved.  The  spheres  and  the  foam- walls  prove  thr 
formation  of  au  oily  viscous  fluid  by  the  action  of  water  and  gum  mastic, 
which  I  will  call  mastic  hydrate,  and  which  possesses  a  surface  tension  at 
the  surface  of  separation  from  water.  The  copper  sulphate  is  soluble  in 
water  and  in  mastic  hydrate,  has  the  surface  tension  zero  at  the  boundary 
with  water,  and  in  the  boundary  with  mastic  hydrate,  and  must  be  spread 
out  on  the  common  surface  of  mastic  hydrate  and  surrounding  water. 
The  spreading  excites  vortices  and  draws  the  surrounding  matter  towards 
the  spreading  centre  ;  the  surrounding  fluid  is  stirred  up,  a  new  portion 
of  copper  sulphide  is  brought  into  contnet  with  the  mastic  surface,  spreads 
out,  and  so,  in  short  periods,  the  spreading  of  the  added  salt  and  the 
formation  of  vortices  are  repeated,  and  the  mastic  particles  are  attracted 
by  the  copper  solution. 

The  solution  of  copper  sulphate,  which  is  placed  by  means  of  a  long 
thin  funnel  under  a  turbid  solution  of  mastic  in  a  test  tube,  will  diffuse 
in  the  mastic  solution,  spread  out  on  the  surface  of  the  suspended  par- 
ticles, excite  vortices,  and  draw  the  mastic  particles  together  or  against 
the  walls  of  the  test  tube,  where  they  will  adhere.  The  connected  viscous 
matter  will  flow  together  and  form  drops,  bubbles,  or  coherent  foam- 
cells,  flocks.  On  the  surface  of  the  mastic  hydrate,  as  in  all  newly  formed 
boundaries  of  two  heterogeneous  fluids,  the  absorbed  air  is  separated  in 
small  bubbles.  One  part  of  the  flocks  will  rise  with  the  adhering  air,  the 
other  part  with  the  larger  flocks  will  sink  to  the  surface  of  the  salt 
solution. 

The  spreading  or  vortices  of  sufficient  energy  and  the  connection  or 
flocking  of  the  suspended  particles  demand  a  certain  concentration  of  the 
copper  sulphate,  corresponding  to  the  *  Schwellenwerth  '  of  Bod  hinder. 

Solutions  of  NaCl,  IIC1,  K  X1r.2O7,  FeCl;,,  spread  out  on  the  surface  of 
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mastic  hydrate,  as  CuSo,,  and  have  the  surface  tension  zero.  The  coagula- 
tion, or  clearing  of  mastic  solution  by  this  salt  solution,  is  explained  in  the 
same  way  as  with  CuS04. 

Turbid  solutions  of  kaoline  in  glass  cylinders  of  100  x  10  cm.  form  a 
series  of  horizontal  layers  separated  by  equal  intervals.  After  two 
months  a  great  many  flocks  adhere  on  the  shaded  side  of  the  glass.  Under 
the  microscope  the  flocks  show  threads  or  tubes  of  a  downward  flowing 
liquid,  with  spheroidal  enlargements  or  contractions  (Anschwellungen  und 
Einschnurungen).  The  sediment  at  the  bottom  of  the  glass  cylinder  has 
the  appearance  of  solidified  liquid,  containing  deformed  bubbles  and 
coherent  foam-cells,  smooth  spheres  of  diameter  0'002  to  0-0004  mm.,  with 
greater  refraction  than  the  surrounding  substance. 

The  particles  of  kaoline  are  covered  by  the  action  of  the  water  with 
an  oily  viscous  fluid,  probably  silica  hydrate,  on  the  surface  of  which 
another  fluid  is  spread  out.  The  periodical  spread  ing  combines  the  sus- 
pended kaoline  particles  in  larger  flocks,  which  slowly  sink  to  the  ground 
or  are  drawn  by  the  vortices  against  the  glass  walls,  where  the  particles 
covered  with  oily  fluid  adhere.  The  oily  silica  hydrate  forms  spheres, 
bubbles,  or  coherent  foam-cells,  and  afterwards  becomes  solidified. 

Turbid  solutions  of  To1fto  kaoline  in  test-tube  solutions  over  CuSOi? 
FeCl3,  CaCU,  or  Ca(HO)?  give  foam- Hocks  with  thin  walls  in  which 
many  little  grains  are  distributed,  or  with  thick  foam-walls  in  which, 
again,  small  chambers  or  cells  with  thin  walls  are  enclosed.  The  flocks 
of  kaoline  formed  in  the  beginning  by  the  viscous  fluid  adhere  to  the 
glass  wall. 

Also  over  solutions  of  sugar,  solutions  of  kaoline  form  two  thick 
flock-layers. 

^ r  Turbid  solutions  of  potash  soap  have  shown  flocks  over  chloroform, 
sulphide  of  carbon,  aqueous  solution  of  sugar,  CuSO,,  HC1. 

Turbid  solution  of  oleic  acid  has  been  flocked  by  solutions  of  ITC1, 
CuSO4,  chloroform,  sulphide  of  carbon,  and  sugar  ;  turbid  solution  of 
China  ink  by  solution  of  CuSO,  and  HC1. 

The  order  of  the  flocking  solution,  determined  by  the  velocity  of  the 
clearing,  changes  with  the  concentration  of  the  suspended  particles. 

Electrolytes  and  insulators  may  be  clearing  substances. 

The  flocks  of  mastic  and  kaoline,  formed  by  artificial  clearing  by  means 
of  the  light,  adhere  to  the  shaded  side  of  the  glass-wall. 

The  views  of  Barus,  Hardy,  and  Spring  on  the  clearing  power  of 
different  liquids,  especially  of  the  electrolytes,  are  not  confirmed  by  my 
experiments.  It  is  not  proved  that  the  kation  of  the  clearing  electrolyte 
is  the  clearing  substance. 

The  flocks  of  gum  mastic  in  the  turbid  solution  are  formed  by  a  thin 
layer  of  mastic  salt  solution  (mastixhaltiger  Salzlosung),  which  is  con- 
nected to  the  surface  of  the  mastic  particles  by  molecular  force.  This 
thin  layer  of  mastic  salt  solution  will  develop  no  sensible' electromotive 
force  in  contact  with  the  pure  salt  solution  outside,  and  no  movement  of 
the  suspended  particles  with  the  thin  layer  by  an  electric  current  will  be 
possible.  My  theory  explains  the  formation  of  the  flocks  and  of  the  iso- 
electric  flocks  of  Hardy,  which  are  not  moved  by  the  electric  current. 
The  process  of  clearing  is  the  same  in  all  turbid  solutions.  All  flocked 
particles,  or  suspended  particles  united  in  flocks,  are  covered  with  a  thin 
layer  of  solution,  nearly  isoelectric  with  the  surrounding  pure  salt  solu- 
tion, and  cannot  be  moved  by  electric  forces. 
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If  by  the  influence  of  light  more  spreading  fluid  is  formed  on  the 
light  side  than  on  the  shaded  side  of  the  suspended  particles  the  sus- 
pended particles  will  go  towards  the  light.  I  call  this  phenomenon  posi- 
tive photodromy. 

If  the  influence  of  light  stops  the  formation  of  the  spreading  solution 
or  the  spreading  film,  the  flocks  would  go  to  the  shaded  side,  or  will  show 
negative  photodromy. 

A  retarding  influence  of  the  light  is  not  probable,  but  many  physicists 
suppose  with  E.  Becquerel  a  rHunliiii:  or  stopping  influence  of  red  light 
in  the  case  of  the  fluorescence  of  iSidot-Blende.  I  think  that  the  negative 
photodromy  may  also  be  explained  by  the  heating  effect  of  the  light  and 
the  formation  of  air  bubbles  on  the  light  side  of  the  suspended  particles. 
The  air  bubbles  will  hinder  the  spreading  of  the  newly  formed  solution  on 
the  surface  of  the  suspended  particles,  and  the  vortices  of  sufficient 
energy  will  only  exist  on  the  shaded  side,  and  the  flocks  will  go  away  from 
the  light  or  show  negative  photodromy. 

Turbid  solutions  of  gum  mastic,  silica,  sodium  or  potassium  silicate, 
kaoline,  gummi  gutti,  shellac,  soap,  proteid,  can  remain  apparently 
unchanged  for  months  or  years,  but  after  some  weeks  or  months  we  can 
always  find  flocks  at  the  bottom  of  the  solution.  Moreover  horizontal 
layers  are  formed  with  more  or  less  suspended  particles. 

What  is  the  reason  of  the  stability  of  the  turbid  solution  ?   Hardy  l  and 
J.  J.  Thomson  see  the  reason  for  the  stability  in  the  electromotive  force 
at  the  boundary  of  the  suspended   particles  and  the  surrounding  fluid, 
which  hinders  the  movement  of  the  solid  particles,  while,  according  to 
Dorn,2  electric  work  is  done  by  the  displacement  of  the  particles.     The 
action  is  the  same  as  if  the  viscosity  of  the  fluid  had  been  increased.         u 
That  electric  work  is  done  by  the  displacement  of  suspended  particles; 
or  by  the  displacement  of  fluids  over  the  solid  walls  of  porous  bodies,  and 
that  electromotive  force  exists  at  this  boundary  was  known  before  the 
researches  of  Dorn,  and  is  a  consequence  of  my  old  researches  on  capillary 
electric  currents.3     If  the  explanation  of  Hardy  and  J.  J.  Thomson  should 
be  right,  the  turbid  solutions  must  have  the  greatest  stability  if  the  sus- 
pended particles  show  the  greatest  electromotive  force  in  contact  with  the 
-iirriuindiii!'  fluid-  i.e.,  sulphur,  silica,  shellac,  suspended  in  water.     But 
shellac  gives  turbid  solutions  of   little  stability.      It  may  be  that  the 
electromotive  force  at  the  boundary  of  liquid  and  suspended  particles  may 
increase  the  stability  of  the  suspension,  but   the  principal  reason  of  the 
stability  may  be  that  the  velocity  of  the  falling  particles  is  not  constant, 
but   variable   or   periodic.       The  impulses  of   the  periodic  velocity  are 
propagated  with  the  velocity  of  sound,  and  will  be  reflected  inside  or  at 
the  bottom  of  the  turbid  solution.     The  direct  impulse  will  interfere  with 
the  reflected  impulses,  and  the  particles  will  be  collected  in  horizontal 
layers  at  distances  of  half  a  wave  length. 

The  air  also  separated  at  the  common  surface  of  the  suspended 
particles  and  the  surrounding  liquid  has  in  many  cases  an  important 
influence,  and  will  be  attached  to  it  or  will  cover  it.  The  diameter  of  the 
air  bubbles  or  thickness  of  the  thin  air  cover  may  be  so  small  that  it  is 
not  possible  to  see  it  with  the  best  microscope,  but  it  forms  the  condensa- 
tion nuclei  for  masses  of  absorbed  air  previously  separated. 

1  Hardy,  Proc.  Hoy.  Soc.,  1900,  vol.  Ixvi.  p.  123. 

2  Dorn,  Wiedemanris  Annalen,  1880,  vol.  x.  p.  70. 

s  G.  Quincke,  Po<jgendorffys  Annalen,  18HO,  vol.  ex.  p.  56;   1861,  vol.  cxiii.  p.  546. 
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In  turbid  solutions  of  gum  mastic,  soap,  or  oleic  acid  one  may  see 
these  air  bubbles.  In  turbid  solutions  of  kaoline  or  silica  they  act  as  a 
Cartesian  diver ;  the  suspended  particles  and  the  layers  of  particles  rise 
if  they  are  lighted  up  by  sunshine  and  sink  again  in  shadow  by  a  change 
of  density  or  volume  of  the  air. 

Underground  Temperature. — Twenty-second  Report  of  the  Committee, 
consisting  of  Professor  J.  D.  EVERETT  (Chairman  and  $•  •/••  '•'/•;/), 
Lord  KELVIN,  Sir  ARCHIBALD  UEIKIE,  Mr.  JAMES  GLAISHEK,  Pro- 
fessor EDWARD  HULL,  Dr.  (J.  LE  NEVE  FOSTER,  Professor  A.  S. 
HERSCHEL,  Professor  CJ.  A.  LKIJOUR,  Mr.  A.  B.  WYNNE,  Mr.  W. 
GALLOWAY,  Mr.  JOSEPH  DICKINSON,  Mr.  G.  F.  DEACON,  Mr.  E. 
WETHERED,  Mr.  A.  STRAIJAN,  Professor  MICITIE  SMITH,  and 
Professor  II.  L.  CALLENDAR,  appointed  for  the  purpose  of  investi- 
gating the  Rate  of  Increase  of  Lri"^  /•.//•"•'/'•'  Temperature  downwards 
in  various  Localities  of  Dry  Land  and  Under  Water.  (Drawn  tip 
by  Professor  EVERETT,  Secretary.) 

ATTENTION  having  been  called  to  the  copper-mining  region  on  the  south 
coast  of  Lake  Superior  as  exhibiting  an  exceedingly  slow  increase  of 
temperature  downwards,  the  Secretary  has  availed  himself  of  the  kind 
offices  of  Professor  William  Hallock,  of  Columbia  University,  to  obtain 
authentic  information  on  the  subject.  Previous  reports  contain  valuable 
material  furnished  by  Professor  Hallock  respecting  a  deep  well  at  Wheeling, 
in  Virginia. 

fi«  The  region  in  question  is  the  most  northerly  portion  of  the  State  of 
•Michigan,  and  includes  a  tongue  of  land  jutting  out  some  sixty  miles  into 
the  middle  of  the  lake,  terminating  in  Keweenaw  Point,  which  is  marked 
on  all  maps.  The  mine  of  the  Calumet  and  Ilecla  Company,  which  is  very 
extensive,  and  has  upwards  of  twelve  shafts,  is  nearly  in  the  middle  of 
this  tongue  ;  and  immediately  adjoining  it  to  the  west  is  the  Tamarack 
mine,  with  five  shafts.  These  two  mines  are  about  four  miles  from  the 
nearest  coast  (which  is  the  north-west  side  of  the  tongue)  and  about  eleven 
miles  from  the  south-east  coast,  the  tongue  being  about  fifteen  miles  wide 
in  this  part.  The  ground  is  high,  being  650  feet  above  the  lake,  which  is 
itself  600  feet  above  sea-level.  The  mineral  veins  dip  to  the  north-west 
under  the  lake,  the  dip  ranging  from  ^'2°  at  the  end  of  the  tongue  to  56 5 
at  its  root.  The  beds  consist  of  a  series  of  compact  granular  and  amygda- 
loid al  traps,  sandstones,  and  conglomerates. 

The  latitude  is  47°,  and  the  mean  annual  temperature,  according  to 
isothermal  charts,  is  39°  or  40°  F.  The  average  depth  of  the  lake  is  about 
900  feet,  and  all  the  water  below  the  depth  of  210  feet  was  found,  by 
surveys  conducted  in  the  months  of  August  and  September,  to  bo  at  about 
39°  F.  As  this  is  the  temperature  at  which  water  has  its  maximum 
density,  it  probably  remains  unchanged  all  the  year  round.  The  ground 
beneath  the  Jake  is  accordingly  at  a  permanent  temperature,  practically 
identical  with  the  mean  annual  temperature  of  the  air  above,  and  the 
boundary  conditions  for  i1  .:  -1  .A:I  •  underground  temperature  are  practi- 
cally the  same  as  if  all  th  ••  m\  '  •  :  the  lake  were  removed  and  the  air  had 
free  access  to  the  bottom.  The  slope  of  the  bottom  in  the  neighbourhood 
of  the  mines  in  question  is  about  1  in  51  until  a  depth  of  300  feet  has 
been  attained,  and  becomes  gradually  less  steep  to  the  depth  of  700  feet, 
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which  begins  at  nineteen  miles  from  the  shore  and  continues  for  fifteen 
miles  further.  The  slope  of  the  land  from  the  mines  down  to  the  shore  is 
about  1  in  40.  The  contour  of  the  ground  and  the  surface  conditions  in 
the  neighbourhood  may  therefore  bo  regarded  as  norms  \ 

The  leading  authority  on  •  ••  i  T,:  -.1  •  ..:••  ,-V-  •  ••  i>  is  part  of  the 
United  States  is  Mr.  Alfred  C.  Lane,  the  Michigan  Stk  Geologist.  He 
writes  in  'Mineral  Industry'  (vol.  iv.  1895,  p.  767)  : — ^ 

*  It  is  certain  that,  in  the  Lake  Superior  region,  the  rate  of  increase  of 
rock  temperature  is  not  far  from  1°  in  100  feet  from  a  surface  temperature 
near  40°.     For  example,  at  4,450  feet,  the  bottom  of  the  North  Tamerack 
shaft,  the  rock  is  at  84°  F.' 

Alluding  to  the  preliminary  announcement  by  Professor  Alexander 
Agassiz,  president  of  the  Calumet  and  Hecla  Mining  Company  >  of  the 
temperatures  59°  F.  at  105  feet,  79°  F.  at  4,580  feet,  he  says  :— 

4  Since  at  105  feet  the  rock  temperature  should  be  near  the  mean 
annual  temperature  of  the  locality,  and  since  the  mean  annual  temperature 
of  Calumet  is,  according  to  all  isothermal  maps,  near  39°,  and  a  mean 
annual  temperature  of  59°  is  found  somewhere  near  Tennessee,  I  do  not 
think  we  can  safely  assume  a  gradient  very  much  less  than  1°  in  100  feet 
after  all.' 

President  Agasdz's  announcement  appeared  in  the  c  American  Journal 
of  Science'  for  December  1895,  p.  50.1>,  in  the  form  of  a  preliminary 
communication  to  the  editors,  with  the  statement  : — 

*  We  propose   when   we  reach  our  tinal  depth,  4,900  feet,  to  take  an 
additional  rock  temperature,   and   then  publish   the  full   details  of  our 
observations/ 

This  depth  was  reached  not  long  afterwards,  the  fact  being  recorded 
in  the  '  Mining  J  ournal '  for  September  1 896  ;  but  the  promised  details 
have  never  been  given  to  the  public  ;  and  a  letter  addressed  by  the 
Secretary  to  Professor  Agassiz  in  189G  elicited  the  information  that  the 
rate  of  increase  had  turned  out  to  be  different  from  what  it  was  believed 
to  be  when  the  preliminary  announcement  was  made. 

The  evidence  tendered  in  favour  of  the  abnormally  slow  increase  of 
20°  F.  in  4,475  feet,  or  1°  in  224  feet,  has  thus  been  practically  withdrawn. 
Professor  Hallock,  writing  in  January  last,  ^ays  : — 

'  The  observation  of  temperature  in  the  Calumet  and  Hecla  mine,  to 
which  you  refer,  is  thoroughly  discredited  in  this  country.' 

With  the  view  of  probing  the  matter  to  the  bottom,  Professor  Hallock 
(on  the  suggestion  of  the  Secretary)  made  arrangements  for  personally 
exploring,  in  the  spring  and  early  summer,  the  temperature  conditions  of 
the  mines  ;  but  in  June  he  wrote  : — 

*  The    Mining    Company    [the    Tamarack    Company],    after    having 
promised  me  permission  to  make  temperature  observations,  withdrew  the 
permission,  and  declined  to  permit  me  to  enter  the  shaft.' 

The  proposed  trip  was  accordingly  abandoned.  Professor  Hallock 
has,  however,  sent  3  r::<  ••v.!'"  maps  and  sections,  and  Mr.  Lane  has,  at  his 
request,  furnished  information  respecting  uiMl--njr.iisr.il  temperature  in 
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various  parts  of  Michigan.  Tt  includes  temperatures  of  deep  wells 
spouting  above  ground  and  of  shallow  springs.  Mr.  Lane's  general  result 
is  that — 

1  in  the  flat,  undisturbed  sedimentaries  of  the  Lower  Peninsula  [between 
Lake  Michigan  and  the  lower  lakes]  the  geothermal  gradient  is  not  far 
from  1°  in  67  feet;  while  in  the  Upper  Peninsula,  near  Lake  Superior, 
the  gradient  is  perhaps  a  little  lower  than  1°  in  100  feet.  This  difference 
may  be  ascribed  to  the  difference  in  conductivity,  to  which  the  geothermal 
gradient  should  be  inversely  proportional.  The  Upper  Peninsula  rocks 
are  probably  more  conductive  (trap  '007)  when  dry,  and  certainly  are 
less  porous  and  contain  less  water  than  those  of  the  Lower  Peninsula 
(limestone  '005,  sandstone  '002.  There  has  been  no  volcanic  or  very 
extensive  erogenic  disturbance  since  early  Cambrian  times,  and  but  little 
Palaeozoic  faulting  and  folding.  You  will  notice  that  the  temperatures 
of  shallow  flows  are  higher  than  the  mean  annual  temperatures  as  derived 
from  the  Weather  Service  ;  which  is  not  surprising  when  we  consider 
that  in  the  winter  the  surface  of  the  ground  is  often  blanketed  with  snow 
and  not  freezing,  when  the  air  temperatures  are  very  low.' 

Mr.  Lane  estimates  the  *  mean  annual  temperature '  for  the  Calumet 
district  at  38°'G,  and  the  '  mean  temperature  at  the  depth  of  no  variation  ' 
at  40°.  If  we  take  this  latter  as  the  temperature  at  50  feet,  and  compare 
it  with  the  temperature  84°  at  4,450  feet  in  the  Tamarack  mine,  we  have 
an  increase  of  44°  F.  in  4,400  feet,  or  1°  in  100  feet.  Mr.  Lanes 
estimate  for  the  Calumet  district  is  1°  F.  in  107  feet.  He  states  that 
numerous  corroborative  data  indicate  a  gradient  lying  between  1°  in 
,  1 00  feet  and  1  °  in  1 1 5  feet. 

No  authorities  are  cited  for  the  conductivities  which  Mr.  Lane  assigns 
to  the  rocks,  and  fuller  information  011  this  point  is  desirable  ;  but,  in 
view  of  the  fact  that  the  President  of  Section  C  last  year  characterised 
the  variation  in  the  British  Isles  '  from  1°  in  34  feet  to  1°  in  92  feet '  as 
1  a  surprising  divergence  of  extremes  from  the  mean,'  it  is  well  to 
emphasise  the  connection  between  gradient  and  conductivity.  If  there  is 
anything  like  uniformity  in  the  annual  escape  of  heat  from  the  earth  at 
different  places,  there  must  necessarily  be  large  differences  in  geothermic 
iii'ju lie ni.s  since  the  rate  of  escape  is  jointly  proportional  to  the  gradient 
and  the  conductivity. 

The  investigation  of  underground  temperature  is  being  energetically 
taken  up  by  the  United  States  Geological  Survey.  Mr.  N.  H.  JJarton 
has  for  some  years  been  engaged  in  collecting  data  with  a  view  to  the 
preparation  of  an  isogeothermal  map  of  the  United  States. 

Brief  allusions  have  appeared  to  observations  taken  in  1893  in  a  bore 
at  Paruschowitz,  near  llybnik,  in  Upper  Silesia,  reputed  to  be  the  deepest 
in  the  world.  The  details,  strange  to  say,  have  never  yet  been  published, 
but  they  have  been  kindly  furnished  for  the  purposes  of  this  report  by 
the  Prussian  mining  authorities. 

The  bore  is  one  out  of  a  large  number  (400  or  more)  which  have  been 
sunk  by  the  Prussian  Government  for  the  purpose  of  exploring  the  mineral 
resources  of  the  country.  A  full  account  of  the  mode  of  sinking  it  and 
the  difficulties  which  were  encountered  was  given  by  Bergrath  Kobrich 
at  the  ninth  *  Wanderversammlung' of  boring  engineers,  and  is  printed 
in  the  mining  journal  <  Gliickauf '  for  1895,  pp.  1273-1277. 

The  boring  was  begun  in  January  1892,  and  linally  discontinued  in 
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August  1893.  In  May  1893  the  operations  were  suspended  for  the 
purpose  of  making  changes  in  the  machinery  ;  and  it  was  during  this 
interruption,  which  lasted  three  months,  that  the  observations  were 
taken.  The  bore  had  attained  a  depth  of  2,002  metres,  exceeding  by 
255  metres  that  of  the  Schladebach  bore,  which  was  previously  the 
deepest  in  the  world.  When  boring  was  resumed  after  the  interruption, 
and  had  added  about  a  metre  to  the  depth  above  mentioned,  the  boring 
tool  broke,  owing  to  caving  in,  which  proved  to  be  of  so  serious  a  character 
as  to  render  further  progress  hopeless.  The  total  depth  attained  is  given 
as  2,003 '34  metres. 

The  first  200  metres  bored  through  consisted  mainly  of  a  greenish 
grey  clay  or  marl  (TegeO,  which  was  liable  to  swell  and  crumble  after  a 
time  if  exposed  to  water.  It  also  held  the  tubing  with  a  grip  which  was 
inconveniently  tight.  At  about  250  metres  a  scam  of  coal  was  passed 
through  ;  and  in  all  eighty-three  coal  seams  were  found,  with  a  total 
thickness  of  about  90  metres.  No  mention  is  made  of  any  springs  being 
tapped,  but  1  4  metres  of  quicksand  were  passed  through  at  the  depth  of 
200  metres,  immediately  above  the  Coal-measures.  The  seams  of  coal 
alternated  with  beds  of  sandstone  and  shale. 

The  lower  half  of  the  bore,  from  1,014  metres  downwards,  was  not 
tubed,  but  the  upper  half  contained  eight  different  sizes  of  tubing.  The 
first  and  largest  extended  from  the  top  to  70  metres.  Inside  of  this  was 
the  second,  reaching  from  the  top  to  107  metres.  Within  this  was  the 
third,  reaching  from  the  top  to  1 89  metres,  and  it  was  during  the  sinking 
of  the  third  that  the  diamond  borer  was  substituted  for  the  percussive 
drill.  The  fourth  size  extended  from  the  top  to  2GO  metres  ;  the  fifth- 
from  the  top  to  319  metres  ;  the  sixth  from  the  top  to  f>71  metres;  the 
seventh  from  the  top  to  1,01 1  metres  ;  and  the  eighth  from  540  metres 
to  1,014  metres,  the  necessity  for  this  eighth  tube  having  arisen  from 
accidental  injury  to  the  seventh.  An  accident  which  subsequently 
occurred  broke  away  a  large  portion  of  the  eighth  tube  also,  and  as 
repair  was  found  to  be  impossible,  a  considerable  length  of  the  bore  (from 
the  depth  571  metres  to  the  depth  754  metres)  was  left  without  tubing, 
constituting  a  standing  source  of  clanger  and  trouble. 

In  place  of  the  solid  rods  employed  for  supporting  and  working  the. 
old  percussive  drills,  hollow  rods  are  employed  in  diamond  boring,  and 
water  forced  down  the  interior  of  the  hollow  rods  washes  up  the  debris 
through  the  surrounding  space.  The  hollow  rods  are  usually  of  wrought 
iron,  and  this  was 'the  case-  at  Paruschowitz  till  the  depth  of  1,450  metres 
was  reached,  when,  in  order  to  diminish  the  enormous  weight,  it  was 
decided  to  replace  the  wrought  iron  by  Mannesman!!  steel  tubes  ;  a  change 
which  was  attended  with  great  advantage  during  the  remainder  of  the 
boring. 

As  regards  the  diameter  of  the  bore,  the  tubing  which  lined  the  first  450 
metres  had  an  internal  diameter  of  92  millimetres.  From  this  depth  to  571 
metres  the  diameter  was  72  millimetres.  Then  occurred  an  untubed  interval 
of  183  metres  of  considerably  larger  diameter,  the  tubing  of  72  millimetres 
diameter  commencing  again  at  754  metres,  and  continuing  to  1,01 4  metres, 
from  which  depth  to  the  bottom  at  2,002  metres  there  was  an  untubed 
portion  of  uniform  diameter  which  had  been  bored  with  a  diamond  crown 
of  69  millimetres. 

The  method  of  plugging  to  prevent  convection  currents,  which 
was  employed  at  Sperenberg  and  Schladebach,  was  not  repeated  at 
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Paruschowitz,  possibly  on  account  of  the  danger  of  caving  in  ;  but  in 
order  to  fulfil  the  same  purpose  as  completely  as  the  circumstances 
permitted,  mud  was  pumped  into  the  bore,  and  left  undisturbed  for 
some  time,  that  it  might  acquire  the  permanent  temperature  of  the 
strata.  When  observations  wore  commenced,  the  last  40  metres  of  mud 
were  found  to  have  become  so  consolidated  that  the  hollow  rod  employed 
for  lowering  the  thermometers  could  net  be  forced  into  it,  and  the  lowest 
observation  that  could  be  obtained  was  at  1,959  metres,  about  200  metres 
deeper  than  the  deepest  obtained  at  Schladebach.  The  following  is  the 
record  of  the  observations  : — 


Reference 

Depth, 

Temp. 

Reference 

Depth, 

Temp. 

Number. 

Metres*. 

Cent. 

1      Number. 

Metros. 

Cent. 

o 

o 

1 

6 

12-1 

33 

008 

30-3 

2 

37 

13-1 

34 

1,020 

400 

;> 

68 

14-3 

35 

1,060 

41  4 

4 

09 

14-6 

36 

1,001 

42-4 

5 

130 

156 

37 

1,122 

43-  i 

6 

161 

16-0 

38 

1,153 

151 

7 

192 

165 

30 

1,184 

460 

8 

223 

173           , 

40 

1,215 

46-4 

9 

254 

18  1 

41 

1,216 

47  0 

10 

285 

18-0 

42 

1,277 

48-4 

11 

316 

20  1 

43 

1,308 

4H  5 

12 

317 

20  4 

14 

1.330 

40  0 

13 

378 

21-1 

45 

1,370 

40  6 

M 

400 

21  8 

46 

1,101 

5n  o 

15 

440 

225 

47 

1,432 

50  1 

1G 

471 

23'5 

4S 

1,16,; 

51'  S 

17 

f>02 

24-6 

40 

1.194 

53-4 

18 

f>33 

25-4 

no 

1,525 

538 

39 

564 

268 

51 

1,556 

550 

20 

505 

28-8 

52 

1,587 

55-8 

21 

626 

20-1 

53 

1,618 

56-2 

22 

657 

304 

54 

1,640 

586 

23 

688 

30-8 

55 

1,680 

60-3 

24 

719 

31-3 

56 

1,711 

61-4 

25 

750 

31-5 

57 

1,742 

62-1 

26 

781 

31-6 

58 

1,773 

63-6 

27 

812 

32-S 

50 

1,804 

61  8 

28 

843 

31-1 

60 

1,835 

65  5 

29 

874 

35-4 

61 

1,866 

65-5 

30 

005 

35-8 

62 

1,807 

669 

31 

036 

37'0 

63 

1,028 

67-5 

32 

067 

37-3 

64 

1  ,050 

60-3 

Each  temperature  recorded  in  the  list  is  the  mean  of  the  indications 
of  six  thermometers,  which  were  enclosed  together  in  a  steel  case, 
supported  inside  the  hollow  rod  near  its  lower  end.  The  case  had  been 
tested  and  found  watertight  under  a  pressure  of  250  atmospheres.  The 
thermometers  were  similar  to  those  described  in  our  account  of  the 
Schladebach  observations—  mercury  thermometers  of  the  *  overflow  ;  kind, 
open  at  the  top,  their  indications  being  interpreted  by  placing  them  in 
water  which  is  gradually  warmed  up  till  the  mercury  is  on  the  point  of 
overflowing. 

As  the  operation  of  lowering  a  thermometer  to  any  point  in  a  bore 
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and  hauling  it  up  again  disturbs  the  contents  of  the  bore  at  all  parts 
above  this  point,  the  general  rule  is  to  take  the  shallowest  observation 
first  and  work  downwards.  On  the  other  hand,  when  there  is  danger 
of  caving  in,  it  may  be  desirable  to  begin  by  securing  the  most  valuable 
observation — that  is,  the  deepest — and  to  work  upwards.  This  latter 
was  the  order  of  observation  adopted  at  Paruschowitz,  the  points  of 
observation  being  at  the  uniform  distance  of  31  metres,  the  lowest  at 
1,959  metres,  and  the  highest  at  6  metres.  This  makes  sixty-four  determi- 
nations, each  being  the  mean  of  six  readings. 

Though  the  observations  were  taken  under  less  favourable  conditions 
than  those  at  Schladebach,  they  are  of  very  unusual  interest,  and  the 
withholding  of  them  from  publication  till  the  present  time  is  a  notable 
instance  of  excessive  modesty.  When  they  are  plotted  the  curve  obtained 
exhibits  a  satisfactory  amount  of  regularity,  and  does  not  depart  very  far 
from  a  straight  line  joining  its  two  ends.  Of  the  two  most  conspicuous 
irregularities  one  extends  over  the  portion  where  183  metres  of  tubing 
were  broken  away-  the  temperature  here  being  a  degree  or  two  higher 
than  one  would  have  expected — and  the  other  at  the  point  where  the 
change  was  made  from  wrought-iron  rods  to  Mannesnmnn  steel,  the  in- 
terval between  the  two  consecutive  temperatures  on  opposite  sides  of  this 
point  being  about  three  times  the  average  interval.  Several  other  point,*; 
can  be  selected  which  show  an  excess  or  defect  of  temperature  amounting 
to  1°,  but  this  is  only  what  was  to  be  expected  from  the  alternations  ol 
different  rocks.  In  some  condensed  reports  of  Bergrath  Kobrich's  com- 
munication (but  not  in  the  full  paper  as  given  in  *  Gluckauf ')  the  irregu- 
larities are  attributed  to  chemical  action  in  the  coal  seams,  causing  ir- 
some  cases  a  heating  and  in  others  a  cooling  ;  but  in  the  absence  of  mor* 
direct  evidence  this  explanation  seems  rather  forced. 

The  curve  for  the  shallower  portion  from  6  metres  to  533  metres  is 
approximately  a  straight  line  of  gradient  1°  C.  in  39'6  metres  ;  while  the 
curve  for  the  deepest  portion — 1,680  metres  to  l,9/>9  metres — shows  an 
average  gradient  of  1°  C.  in  31*0  metres.  The  intermediate  portion— 
533  metres  to  1,680  metres  (which  is  rather  more  wavy) — has  an  average 
gradient  of  1°  C.  in  32-9  metres. 

Comparing  the  shallowest  observation,  12°'l  at  6  metres,  with  the 
deepest,  690<3  at  1 ,959  metres,  we  have  an  increase  of  57° '2  in  1,953  metres, 
which  is  at  the  rate  of  1°  C.  in  34*1  metres,  or  1°  F.  in  62-2  feet.  This 
general  average  is  the  only  result  that  has  hitherto  been  published. 

No  doubt  seems  possible  as  to  the  correctness  of  the  determination 
69°'3  at  1,959  metres.  The  firmness  of  the  clay,  being  sufficient  to  pre- 
vent a  hollow  rod  weighing  several  tons  from  going  deeper,  must  have 
been  sufficient  to  prevent  convection. 

As  regards  the  determination  12°*1  C.  at  6  metres,  one  naturally 
compares  it  with  the  temperature  found  at  precisely  the  same  depth  in 
the  Schladebach  bore,  which  was  8°-3  RM  or  100<4  C.  Paruschowitz  is  a 
degree  or  degree  and  a  half  further  south  than  Schladebach,  but  is  152 
metres  higher,  which  about  compensates  the  difference  of  latitude,  so  that 
one  would  expect  their  temperatures  to  be  the  same.  Further  light  is 
thrown  upon  the  question  of  the  temperature  of  Paruschowitz  by  com- 
parison with  the  known  temperatures  of  places  lying  around  it. 

The  following  particulars  respecting  neighbouring  places  and  their 
mean  annual  temperatures  are  taken  from  Hann's  '  Klimatologie ' 
(Stutgart,  1897),  vol.  iii.  p.  147  :— 
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Lat.  N. 


Long.  E. 


Heiglu 


Tump.  (J. 


0              / 

Ratibor 

50       f> 

Cracow 

50       4 

Prague 

50       5 

Eger    . 

50       5 

Datschitz 

49       5 

Briinn 

49     12 

Oppeln 

50    40 

Eichberg 

50    55 

Ureslau 

51       7 

Gorlitz 

51     10 

Parusohowitz 


To  compare  with 
50       7  17     33 


0     '      1      M. 

18  13    1    198 

8-1 

19  59    j    220 

7-8 

1  1  2ti 

202 

88 

12  22    !    455    !     7-1 

15  26 

465    i     <H 

It)  37 

210    1     84 

17  55 

175 

8-2 

15  48 

:U9 

68 

17   2 

147 

83 

15   0 

210        80 

the   latitude  and  longitude  of  Paruschowitz  (in   absence   of  more  exact 
information)  being  identilied  with  those  of  the  nearest  town,  Rybnik. 

The  nearest  of  these  places  is  Ratibor,  which  is  only  twenty  English 
miles  distant,  and  has  the  same  latitude.  Its  temperature  is  8'1,  and 
Paruschowitz,  being  54  metres  higher,  should  have  a  temperature  of  about 
7*8.  The  mean  of  the  temperatures  of  the  ten  places  is  also  7' 8,  their 
mean  latitude  being  50°  3 1' and  mean  height  235  metres.  It  appears 
certain  that  the  temperature  of  Paruschowitz  cannot  differ  by  more  than 
a  few  tenths  of  a  degree  from  8*0  ;  and  it  is  not  usual  for  the  mean 
annual  temperature  at  the  depth  of  6  metres  in  the  soil  to  differ  by  more 
than  a  few  tenths  from  the  mean  temperature  of  the  air.  The  observed 
,'emperature  12'i  at  6  metres  appears  then  to  be  about  4°  too  high. 

This  was  apparently  the  latest  of  the  sixty-four  observations  ;  and  the 
sixty-three  lowerings  and  raisings  again  of  the  thermometers  with  their 
supporting  rods  through  the  mud  which  filled  the  bore  would  carry  down 
colder  mud  from  the  top  and  replace  it  by  warmer  mud  brought  up  from 
below. 

Another  cause  tending  to  make  the  temperature  at  0  metres  too  high 
is  suggested  by  comparing  the  temperature  1 0°*4  observed  at.  this  depth 
at  Schladebach  with  8° '4,  which  is  given  by  Hann  '  as  the  mean  tempera- 
ture of  Leipzig,  the  nearest  large  town.  The  isolation  by  plugging  in  the 
Schladebach  bore  was  very  effective  while  it  lasted  ;  but  it  probably  did 
not  last  long  enough  to  restore  the  normal  temperatures  of  the  layers  of 
rock  -liiT-i'.is'di'ij  the  upper  portion  of  the  bore,  after  their  prolonged 
exposure  to  warm  water  brought  up  from  below  during  the  progress  of 
the  boring. 

The  highest  temperature  that  seems  at  all  possible  for  the  depth  of 
6  metres  at  Paruschowitz  is  9°  0.  If  we  adopt  8-3,  which  is  more  prob- 
able, we  have  an  increase  of  exactly  61°  C.  in  1,953  metres,  or  1°  0.  in 
32  metres,  or  1°  F.  in  58-3  feet. 

Treating  the  Schladebach  observations  in  the  same  way,  if  we  adopt 
8*6  as  the  temperature  at  6  metres,  we  have  an  increase  of  48°  (J.  in  1,710 
metres,  or  1°  C.  in  35*6  metres,  or  1°  F.  in  65  feet.  This  exactly  agrees 
with  Herr  Bunker's  deduction  as  given  in  our  report  for  1889. 

It  is  very  desirable  that  direct  observations  of  the  mean  annual  tem- 
perature, of  the  soil  at  a  small  depth  (say  1  metre  or  2  metres)  should  he 
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taken  at  both  Schladebach  and  Paruschowitz  for  the  purpose  of  removing 
all  doubt. 

Since  the  presentation  of  their  last  report  in  1895  the  Committee  have 
to  deplore  the  loss  of  two  valuable  members,  Professor  Prestwich,  who 
compiled  the  most  complete  account  of  underground  temperature  observa- 
tions yet  published,  and  Mr.  G.  J.  Symons,  who,  ever  since  the  formation 
of  the  Committee  in  1867,  has  been  one  of  its  most  active  members. 

They  have  pleasure  in.  announcing  that  Mr.  Bennett  H.  B  rough, 
Secretary  of  the  Iron  and  Steel  Institute,  who  has  rendered  large 
assistance  in  obtaining  tho  material  for  the  present  report,  has  consented 
to  serve  on  the  Committee. 


Aro/.f  */'/'  I'lIniM  de  l*res*wn.     l'ar  le  Dr.  C.  K.  OUILLAUMK. 
[Ordered  by  the  General  C'ommittee  to  be  printed  in  Mtrnso.] 

L'utilite  de  Temploi  d'une  unite  de  pression  derivee  du  syster  „  C.G.S. 
n'est  pas  con  testable  De  plus,  une  experience  deja  longuo  et  sou  vent 
rupetce  nous  a  enseigne  qu'une  unite*  n'est  vraiment  admise  en  pratique 
que  lorsque  sa  valeur  normale  en  fonction  d'un  etalon  a  ete  lixee,  de 
maniere  a  ce  quo  la  realisation  precise  de  cette  unit*1  ainsi  que  sa 
representation  materielle  soit  parfaitement  assuree.  L'adoption  d'une 
valeur  normale  do  1'unite!  de  pression,  ou,  si  Ton  veut,  d'un  etalon  de 
pression  derive!  du  systeme  C.(ir.S.,  constitucrait  done  une  utile  addition 
au  systeme  guneralement  employe  duns  toutes  les  branches  de  hi  science. 

Les  seules  questions  se  rapportant  a  I'mute  tie  pressiou  au  sujet, 
dosquolles  il  soit  necessaire  de  discuter  encore  .ivant  1'adoption  definitive 
d'un  etalon  sont  les  suivantes  :  - 

Quel  sera  le  multiple  de  runite  C.(«.S.  <|iii  st»ra  uonsiden1  comino  unite 
lie  pression  pour  la  pratique  ? 

Quelle  sera  sa  representation/  Eventuellement  sera-t-il  ,i\.ii:!:«j;<::i\ 
de  se  nil  Her  a  un  »H.ji1on  di^linissablc  par  un  iiombre  simple,  et  quel  sera  c-e 
nombro  ? 

Quels  sont  les  doniaincs  auxquels  runite  de,  pression  devra  etre 
appliqm'e  2  Kn  particulier  eonvirtidra-t-il  irabandonner  la  pressiou 
normalo  detini^  psir  l^aplace,  ct  adoptee,  par  les  meteorologists  cfc  les 
physiciens  ? 

Mutti])?**, — f^e,  choix  <lu  multiple  osl  indique  par  rutilite  qu  il  pout  y 
avoir  a  s<5  rapprorher,  pour  la  nouvelle,  unit«\  des  grandeurs  des  unitos  les 
plus  usuelles.  (.1es  tlernicTes  sunt  Talmospln-n'  rf  ]r  kilogriimnie.  par  centi- 
metre <^irre,  <{ui  enserrent,  a  moins  de  if  pour  100  pres,  (»l  par  un  heiireux 
hasard  \u  procluil  par  10°  d(^  1'unite  C.CJ.S. 

On  pourrail  t'aire  a  co  niultiplik.  unt».  seulo  objeetion,  e'est  ihi  se.  trouvnr 
e.n  dehors  du  Hysteme  coherent  auc^uel  le  iratl  et  lu  joule,  out  et('^  rattaches, 
de  t(;lle  sorte  <iue  le  produit  de  la  nouvelle  unite  de  pression  par  le, 
centimetre  cube  serait  egale  an  dixieme  do  runite  pratique  d'energie,  et 
non  a  1'unite  pratique  olio-memo.  Cependant  il  ne  semble  pas  que  ce 
d^faut  soit  assess  grave  pour  faire  renoiicer  a  1'a vantage  de  se  trouver  si 
pres  des  deux  principales  unites  usuelles  que,  pour  beaucoup  d 'applications, 
le  changoment  serait  insensible. 

JteprcwHttitiou,  M  Vtdeur. — L'etalon  tie  pression  serait  convenablement 
roprescntc  par  une  colon  ne  de  mercure,  ainsi  <iu'il  ti  etc  fait  jusqu'ici  pour 
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la  plupart  des  unites  de  pression  employees.  L'atmosphere  metrique  et 
1'atmosphere  britannique  sont  dans  ce  cas,  et  ne  different  que  par  la 
temperature  &  laquelle  le  mercure  est  consider^,  la  hauteur  de  la  colonne 
et  le  lieu  de  son  exposition  &  1'attraction  de  la  terre.  En  physique  les 
pressions  qui  ne  sont  pas  exprimees  dans  le  systeme  C.G.S.  sont  rapportees 
a  Fatmosphere,  et  par  la  meme  a  une  colonne  de  morcure,  ou  sont  directe- 
raent  exprime*es  en  fonction  du  millimetre  de  mercure.  L  'adoption  generalc 
de  la  induction  a  0°,  meme  par  les  me*teorologistcs  qui,  suivant  le  systeme 
britannique,  ramenent  la  longueur  mesuree  sur  1'uchelle  en  puuces  a 
62°  F.,  ne  laisse  aucun  doute  sur  la  temperature  de  la  colonne  niercurielle, 
qui  devra  etre  celle  de  la  glace  fondante. 

Le  dernier  element  qui  roste  a  fixer,  en  clehors  de  la  hauteur  elle-meme 
de  la  colonne  niercurielle,  qui  sera  donnee  par  le  calcul,  est  la  valeur  de 
Tacceleration  de  la  pesanteur,  a  laquello  la  pression  sera  clue.  Aussi 
longtemps  que  les  geoddsiens  ont  pu  croire  a  Texistence  d'une  valeur 
normale  de  1'accel^ration,  definissable  par  uno  latitude  et  une  altitude, 
par  exemple  par  la  latitude  de  45°  et  le  niveau  dc  la  mer,  il  ne 
semblait  pas  possible  d'admettre  une  autre  valeur  de  1'acceleration  que 
cette  derniere.  Mais  les  recherches  de  ces  dernieres  annees  ont  fait 
de*couvrir  les  anomalies  locales  qui  rendent  un  peu  iiicertaine  et  variable 
la  valeur  de  Facce*le*ration  que  Ton  avait  consideroe  comme  normale. 

La  valeur  de  Tacccleration  donnee  par  la  reduction  des  stations  du 
littoral  ine'diterrancen  est  de  980,714,  en  leger  exces  sur  la  valeur  de 
Greenwich  et  sur  la  plupart  des  stations  continentales  ;  ce  n'est  pas 
cependant  une  valeur  exceptionnelle,  et  la  reduction  de  certaines  stations 
doniie  des  nombres  encore  seusiblomont  plus  eleves. 

La  masse  spi'cifique  du  mercure,  c'est-a-dire  IP  quotient  de  la  masse 
d'une  cortaine  quantite  de  mercure  par  son  volume  a  0°,  est,  dans  le 
systeme  C.G.S.,  egale  a  13,5950  a  ^  ou  4  unites  pros  du  quatrieme  chiffre 
decimal.  En  combinant  les  deux  nombres  qui  precedent,  on  trouve,  pour 
la  pression  exercee  par  une  colonne  de  mercure  de  1  metre,  a  0°,  et  dans 
les  conditions  susdites  de  la  pesanteur  : 


1,33328  mSffadt/He  par  rvnlimctrr 

La  prebbion  qui  dcvrait  etrc1  adopter,  comme  unite  pratique  serait  done 
representee  par  une  colonne  de  mercure.  de  75,003  cm.  a  0°  et  dans  les 
conditions  indiquees  ci-dessus. 

Les  incertitudes  de  ce  nombre  portent  encore  : 

1°  Sur  la  masse  du  decimetre  cube  dVau  ; 

2°  Sur  la  densite  relative  du  mercu  n  et  de  Veau  ; 

3°  Sur  la  valeur  normale  de  la  pesanteur. 

Les  deux  premieres  sont  encore  de  Pordre  dr  deux  unite's  du  troisiemo 
chiffre  decimal,  et  diminueront  avec  le  temps  ;  la  troisieme  fait  intervenir 
un  doute  plus  grand,  si  I'oii  considere  Fensemble  du  Globe,  et  ce  doute  ne 
fera  probablement  que  s'accentuer  a  mesure  que  les  anomalies  seront  mieux 
etudiees. 

On  peut  conclure  de  ce  qui  precede  que  Tumle  pratiqucj  de  pression 
pourrait  etre  representee  par  uno  colonne  de  mercure  de  75,000  cm.  de 
hauteur  a  0°  sans  que  Ton  sorte  des  incertitudes  resultant  encore  des 
mesures,  et  surtout  de  celles  qui  sont  inherontes  au  problome  lui-mfone 
et  a  la  constitution  de  notre  globe. 

On  pourrait,  pour  diminuer  cette  incertitude,  renverser  le  problerne, 
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et,  apres  avoir  serre  de  plus  pres  la  valeur  de  la  masse  spe*cifique  du  mercure, 
adopter  une  valeur  normale  de  Tacce'le'ration  de  la  pesanteur  telle  que 
V  unite  de  pression  soit  repre'scntee  rigour  eusement  par  une  colonne  mer- 
curielle  de  75  cm.  de  hauteur.  Oette  adoption  n'aurait  rien  d'absurde 
puisque  les  geodesiens  sont  des  maintenant  impuissants  a  definir  une 
intensity  normale  de  la  pesanteur  sans  s'engager  dans  une  voie  arbitraire, 
et  puisque,  par  surcroit,  la  valeur  resultant  de  la  definition  ci-dessus 
serait  comprise  entre  les  valeurs  parmi  lesquelles  les  ge'ode'siens  pourraient 
choisir. 

Mais  on  peut  se  demander  si  une  telle  definition  est  devenue  ne'eessaire 
pour  les  besoins  de  1'unite  de  pression.  II  faut  distinguer,  en  efFet,  deux 
cas  de  Temploi  de  cette  unite.  Toutes  les  fois  qu'une  precision  de  1'ordre 
de  1  /25  000  ne  devra  pas  etre  depassee,  c'est-a-dire  dans  1'immense  majo- 
rite*  des  applications,  la  difference  entre  la  valeur  actuellement  la  plus 
probable  de  I'unite  de  pression  et  la  valeur  ronde  fournie  par  une  colonne 
de  mercure  de  75  cm.  est  entitlement  negligeable.  Dans  les  cas,  en  petit 
nombre,  ou  une  haute  precision  est  exigee,  les  reductions  a  des  conditions 
normales  lie  pourront  pas  tA»tre  faites  sans  que  Ton  connaisse,  au  lieu  meme 
de  Tobservation,  la  valeur  do  Facceleration  ;  celle-ci  devra,  dans  ce  cas, 
etre  de'ternrinee  par  des  experiences  directes  et  tres  premises. 

Le  probleme  actuel  est  tres  analogue  a  tous  ceux,  en  nombre  bien  plus 
grand,  dans  lesquels  intervient  la  masse  specifique  des  corps,  deduite  de 
leur  densitd,  et  de  la  masse  specifique  de  1'eau.  Dans  toutes  les  applica- 
tions ordinaires,  cette  dernierc  est  admise  comme  e'tant  egale  a  1'unite, 
tandis  que,  dans  les  calculs  tres  precis,  il  est  necessaire,  en  principe,  de 
tonir  compte  dc  la  tres  petite,  orreur  coiumiso  dans  la  construction  <\\\ 

' 


. 

—'ll  reste  a  fixer  les  domaines  clans  lesquels  il  sera  utA,|[ 
d'employer  Tunito  rationnelle  de  pression,  et  c'est  la  uii  point  assez  delicat. 
On  peut  s'attendre,  d'ailleurs,  a  ce  que  cette  unite  n'arrive  pas,  des  le  ddbut, 
a  toute  Textension  clont  elle  est  susceptible,  et  qu'elle  ne  gagne  que  de  proche 
en  proche  les  domaines  auxquels  elle  devra  s'appliquer  ;  c'est  pourquoi, 
tout  en  recommandant  son  adoption  aussi  universelle  que  possible,  il 
faudra  s'attendre  a  ne  la  voir  pene*trer  que  pen  a  peu  dans  I'usagc. 

Les  cas  bien  indique's  de  son  application  sont  tous  coux  ou  n'inter- 
viennent  que  des  considerations  d'elasticite,  dans  les  solides,  les  liquides 
et  les  gaz.  Par  une  extension  naturelle  on  y  coinprendra  les  pheuomcnes 
osmotiques,  et  ceux  qui  en  derivent.  Mais  on  pcmt  se  demander  lugitime- 
merit  s'il  serait  praticablo  d'adopter  Tunito  rationnelle  comme  pression 
normale  en  meteorologie,  et  dans  la  determination  de  la  temperature  nor- 
male d'ebullition  de  1'eau  pour  la  fixation  du  point  superieur  de  Te'chelle 
thermometrique. 

Sur  ce  point  les  avis  peuvent  etre  tres  part  ages.  D'uno  part  on  peut 
craindre  a  juste  titre  le  changement  dans  toutes  les  constantes  thermiques 
que  Tadoption  de  la  nouvelle  unite,  comme  pression  normale,  ontrainejrait 
avec  elle.  D'autrcj  part,  on  peut  se  demander  s'il  existe  un  lien  logique 
entre  les  deux  unites. 

Le  voisinage  de  I'atmosphcrc  normale  et  de  FuniU'  pratii^ue  C.G.S. 
aurait  roudu,  il  y  a  un  certain  nombro  d'aniu'es,  le  changement  facile,  et 
mOint*  on  peut  dire  que,  si  le  system©  C.G.S.  avait  ote  developpe  des 
les  debuts  d(j  I'oxlonsion  du  systemo  metri(]ue,  la  mogadync  par  centi- 
metre carrc  aurait  eu  bien  des  chances  d'etre  adoptee  comme  pression 
normale.  Mais  la  definition  du  point  100  des  thermometres  repose  sur 
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des  considerations  pratiques,  et  sur  une  convention  tout  a  fait  arbitraire. 
Si  la  nouvelle  unite  de  pression  etait  tres  eloignde  do  1 'atmosphere, 
la  question  ne  se  poserait  meme  pas,  et  on  considererait  comme  absurde 
de  de*finir  comme  temperature  normale  d'ebullition  de  1'eau  celle  qui 
correspond,  par  exemple,  a  une  demi- atmosphere  ou  a  deux  atmospheres. 

Done,  bien  que  par  cles  raisons  de  simple  unification,  ou  des  raisons 
d'elegance  scientifique,  on  rie  puisse  nier  qu'il  doive  etre  plus  satisfaisant 
de  ne  posseder  qu'une  seule  unite  do  pression,  il  i\e  faut  pas  perdre  do  vuo 
le  fait  que.  aussi  longtemps  qu'il  s'agit  simplement  de  la  thermomctrie,  et 
des  mesures  qui  en  derivent  immediatement,  il  n'y  a  aucune  raison 
logique  qui  oblige  a  partir  d'une  unite  de  pression  rolieeau  systcrne  C.G.S. 
et  aucune  necessite  a  rattacher  le  point  de  depart  de  la  thermometrio  a 
des  considerations  dependant  do  1'elastic'te. 

On  peut,  cependant,  envisager  le  problem e  par  un  autre  c6te'  particu- 
lier,  qui  militerait  en  faveur  d'une  seule  unite  pour  les  deux  domaines. 
Nous  admettons  comme  evident  que  les  constantes  elastiques  des  liquides 
et  des  gaz  doivent  6tre  exprimdes  en  fonction  de  Funitd  ration nelle  de 
pression.  Les  diverses  constantes  dennissant  I'&at  d'un  liquide  ot  do  sa 
vapour  en  fonction  de  la  temperature  et  do  la  pressioii  dovrotit  done 
de*pendre  do  1'unitc  employee  pour  mesuror  cetto  derniere.  Ainsi,  la- 
temperature  normale  d'ebullition  devra  logiquement  etre  donnee  sous  la 
pression  quo  nous  considerons  commo  normale  ;  et,  si  nous  rapporteur  les 
temperatures  a  celles  que  Von  obtient  on  designanl  par  100  colle  qui 
re*sulte  de  Tebullition  de  Teau  sous  cotte  mOme  prossion,  la  loi  dos  etats 
correspondants  se  presents  sous  une  formo  nuinori<|uenient  simple,  tanHis 
/"Ve»  «Q  conservant  la  definition,  ordinaire  du  point  100  de  la  therino- 
•  lv  trie,  cette  loi  so  presente  sous  uno  forme  compliquoo. 

II  resterait  seulemoiit  a  examiner  si  la  simplification  resultant  de 
1'adoption  de  la  mome  unite  dans  los  deux  cas,  adoption  qui  cortainoment 
serait  logique,  comperise  la -perturbation  qui  resulterait  d'un  changemont 
de  toutes  les  donne*es  thormiques  accumulc^es  depuis  un  siocle. 

II  n'est  pas  inutile  do  rappelor  en  effet  quo  lo  changoment  do  7(5  a  7."> 
cm.  de  mercure  moditiorait  rintervalle  fond.-tmental  de  0,  i  dogre  environ, 
et  les  temperatures  meteorologiques  orclinaires  d'uno  quantite  do  1'ordro 
du  dixieme  de  degiv.  II  ost  vrai  que  co  changoment  serait  pou  sonsiblp, 
puisque  la  reduction  au  thormomotrc  a  liulriiLvni1,  encore  tivs  incomplote- 
ment  faite  en  moteorologie,  entraino  cloja  une  modification  du  moino  onlrr. 
D'autre  part  les  donnees  relatives  a  la  dilatation,  aux  chalr-urs  spticitiquos, 
aux  chaleurs  de  combustion  ct  do  combinaison,  los  points  do  fusion,  otc., 
seraient  doplacos  ou  modinVs  de  4/1000  trnvinm.  »Soulos,  los  temperatures 
d^bullition  seraient  modifioes  dans  uno  rnoindro  proportion,  puisquo  la 
nouvello  pression  lour  serait  appliquco. 

La  question  ost,  comme  on  lo  voit,  extrememenl  comploxo.  Kilo  pout 
se  resumer  en  ces  termes  : 

Tl  est  utile  et  mome  urgent  d'adoptor  uno  unito  do  pression  bas«M»  sur 
le  systeme  C.G.S.  Cette  unito  doit  otre  dgale  a  1  million  de  fois  Tunitd 
fondamentalo.  Pour  tous  les  besoins  de  la  pratique  courante,  et  momo 
des  mesures  scientifiques,  a  Texception  des  mesures  de  haute  precision, 
cette  unito  peut  otre  reprdsentde  par  une  colonne  de  mercure  do  75  cm. 
de  hauteur  a  0°  et  dans  los  conditions  de  la  posantour  encore,  oiivisagoes 
coinmo  normales  par  les  |i1i\H<-irii-.  Pour  los  incsuros  tres  precises,  il  est, 
ndcessaire  de  connaitre  Tintensite  de  la  pesanteur  au  lieu  de  Tobsorvation, 
de  pouvoir  exprimer  rdellement  la  pression  on  unites  C.G.S. 


NOTE  SUR  L'UNITfi  DE  PRESSION.  75 

La  nouvelle  unite  doit  s'appliquer  a  tous  les  cas  de  1'elasticite.  II 
convient  de  ne  prendre  aucune  decision  pour  la  thermome'trie  avant  d'avoir 
approfondi  d'une  part  les  simplifications  qui  re*sulteraient  pour  la  physique 
dcs  fiuides  et  notamment  la  loi  des  dtats  cor  respond  ants  de  I'emploi  d'une 
seule  unite,  et,  d'autre  part,  la  perturbation  qu'introduirait  dans  la 
thermometrie  et  les  sciences  deVive'es  un  changoment  des  bases  de  1'echelle 
des  temperatures. 

Alloy**. — Report  of  the  Committee,  consisting  of  Mr.  V.  H.  NEVILLE 
(Cknirman  and  Secretary),  Mr.  C.  T.  HEYCOCK.  and  Mr.  K.  H. 
GRIFFITHS,  appointed  to  investigate  the  Nature  of  AJloya. 

THK  Committee  on  alloys  beg  leave  to  report  that  Messrs.  Haycock  and 
Neville  have  been  continuing  their  study  of  the  copper-tin  alloys. 

A  preliminary  statement  of  the  results  obtained  has  been  published 
in  the  *  Proceedings  of  the  Royal  Society,'  vol.  Ixviii.  1901,  pp.  171-178. 
A  fuller  account  will  be  presented  to  the  Royal  Society  shortly  ;  in  the 
meantime  the  following  summarises  their  conclusions. 

The  work  has  been  directed  towards  a  verification  of  Roozeboom's 
theory  of  solid  solutions  in  its  application  to  the  cop  per- tin  alloys. 
Pyrometric  observations  have  shown  that  when  one  of  these  alloys  cools 
from  a  high  temperature  at  which  it  is  completely  liquid  there  is  often 
an  evolution  of  heat,  riot  only  at  the  freezing  point,  but  also  at  one  or 
more  temperatures  far  below  that  of  solidification.  This  is  well  seen  in 
the  cooling  curves  published  by  Sir  William  Roberts- A usteii  and  Dr. 
Stansfield  some  years  ago  in  their  reports  on  alloys.  We  have  found  it 
convenient  to  repeat  some  of  these  cooling  curves,  which  show  very  wr* 
the  remarkable  nature  of  these  lower  halts  and  the  large  amount  of  hea 
evolved  at  them.  Roberts- Austen  and  Stansfielcl  have  shown  in  (heir 
fourth  report  on  alloys,  and  more  recently  in  their  paper  on  alloys  pub- 
lished in  the  *  Proceedings  of  the  Congres  International  de  Physique,'  that 
if  a  continuous  line  in  the  concentration  temperature  diagram  be  drawn 
through  these  lower  halts  a  curve  is  obtained  very  similar  to  a  freezing- 
point  curve.  We  have  reproduced  this  curve  so  far  as  our  cooling  curves 
enable  us  to  do  so,  and  in  the  figure  the  line  C'XIVYE'  is  a  copy  of  this 
curve.  Our  cooling  curves  and  the  C'E'  curve  have  a  certain  value  as 
confirming  the.  original  ones  of  Roberts- Austen  and  Stansfielcl,  but  we  are 
not  prepared  to  say  that  they  contain  anything  new  ;  in  fact  our  C'E' 
r.urve  is  incomplete.  We.  traced  these  curves  because  they  were  needed 
for  our  later  work. 

In  our  figure  the  upper  curve  ABCDE  is  the  freezing-point  curve — the 
1  liquidus  '  curve,  as  Roozeboom  calls  it.  The  dotted  line  Xblcde  is  a 
rough  drawing  of  the  c  solid  us '  curve  of  Roozeboom  so  far  as  our  experi- 
ments determine  it.  This  curve  is  defined  by  the  statement  that  when 
the  temperature  of  an  alloy  falls  below  the  'solid  us 'it  sets  to  a  solid 
mass  ;  the  'solidus  '  might  in  fact  be  called  the  tnr/fhn/  point  curve.  The 
dotted  line  1C'  is  a  continuation  of  Roberts- Austen  and  Stansfield's  curve. 
The  numbers  at  the  bise  of  the  figure  give  the  atomic  percentages  of  tin 
contained  in  the  alloys,  so  that  DD'  on  the  20  line  corresponds  to  Cu4Sn, 
and  EE'  to  Cu;,Sn.  As  will  bo  seen,  the  figure  does  not  deal  with  alloys 
much  richer  in  tin  than  the  latter  formula. 

As  a  microscopic  study  of  the  alloys,  made  in  conjunction  with  a  study 
of  the  freezing-point  curve,  has  proved  that  in  many  cases  the  structure 
of  the  alloys  could  not  possibly  have  arisen  during  solidification,  but 
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must  have  had  its  origin  at  lower  temperatures,  we  have  attempted  to 
obtain  a  permanent  record  of  the  structure  of  the  alloys  at  different  stages 
of  temperature  by  cooling  them  slowly  from  a  molten  state  to  selected 
temperatures,  and  then  chilling  them.  When  an  alloy  had  solidified 
before  the  moment  of  chilling,  the  subsequent  changes  in  structure  are 
generally  very  minute,  often  sub-microscopic,  even  if  they  take  place  at 
all .  It  may  be  doubted  whether  the  chilling  does  absolutely  prevent  the 
later  changes,  but  it  enables  us  to  dUunguUh  the  large  scale  structures 
already  existing  before  the  chill  from  the  necessarily  much  more  minute 
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structure  formed  during  and  after  the  chilling.  We  aro  thus  by  chilling, 
polishing,  and  etching  able  to  form  very  trustworthy  conclusions  as  to 
the  structure  of  an  alloy  immediately  before  it  was  chilled. 

Numerous  experiments  of  this  kind  show  that  an  alloy  chilled  in  the 
region  of  temperature  between  the  solidus  and  liquidus  contains  large 
primary  combs  which,  from  their  size,  must  have  been  formed  before  the 
chilling  :  and  that  between  them  one  often  sees  a,  crop  of  minute 
primaries  similar  to  the  large  ones,  but  formed  during  the  chilling. 
When  the  polished  surface  of  a  section  of  alloy  is  heated  in  the  air  the 
combs  oxidise  more  rapidly  than  the  mother  substance  in  which  they  arc 
imbedded.  They  are  also  softer  than  the  ground,  for  by  prolonged 
polishing  they  are  eaten  out  into  a  pattern.  These  peculiarities,  as  well 
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as  the  behaviour  of  the  alloys  to  etching  reagents,  make  it  certain  that 
the  combs  are  richer  in  copper  than  the  average  of  each  alloy  or  than  the 
mother  substance  round  them.  The  alloys  chilled  between  the  liquidus 
and  the  solidus  were  partially  liquid  at  the  moment  of  chilling,  and  as 
tho  chill  was  effected  by  dropping  the  alloy  into  water,  the  result  was 
often  to  granulate  the  alloy  ;  one  always  finds  in  these  chills  more  or 
less  of  a  tin- rich  mother  substance.  Alloys  which  had  been  cooled  below 
the  solidus  before  chilling  are  never  granulated,  and  never  show  the 
second  crop  of  primaries  ;  they  must  have  been  solid  before  the  chill. 
Moreover,  in  the  case  of  the  AB  alloys,  when  chilled  below  the  solidus, 
the  primaries  fill  the  alloy  ;  a  sure  proof,  as  it  seems  to  us,  that  an  alloy 
becomes  solid  when  its  temperature  falls  below  the  solidus.  This  is  still 
more  marked  in  the  case  of  the  LODE  alloys,  for  if  these  are  cHlled  below 
the  solidus,  but  above  Roberts- Austen  and  Stansfield's  curve,  they 
appear  to  be  homogeneous,  though  sometimes  lines  can  be  seen  dividing 
the  area  of  the  etched  surfaces  into  irregular  polygons.  Below  the 
solidus  the  primaries  are  lost,  not  because  they  cease  to  exist,  but 
because  they  have  completely  filled  the  alloy  and  assimilated  the  mother 
substance  in  which  they  grew.  It  appears,  therefore,  that  each  of  these 
alloys  is  an  approximately  uniform  mixed  crystal  phase  when  its  tem- 
perature lies  between  the  solidus  and  Roberts- Austen  and  Stansfield's 
curve.  On  the  other  hand,  tilloys  whose  percentages  lie  between  B  and  L 
do  not  solidify  homogeneously.  If  chilled  below  the  6/C  line  they  are  solid, 
but  they  contain  copper-rich  primary  combs  imbedded  in  tin-rich  mother 
substance  ;  near  B  the  combs  preponderate,  but  with  more  tin  the 
mother  substance  grows  until  at  the  percentage  of  L  it  forms  the  bulk, 
and  in  certain  chills  the  whole  of  the  alloy.  Moreover,  if  chilled  abovr 
C'  the  mother  substance  appears  uniform,  while  below  C'  it  breaks  up 
into  a  minute  eutectic  of  two  bodies.  Successive  chills  of  one  of  these 
alloys  at  a  series  of  temperatures  from  IIC  to  C'  show  a  remarkable 
growth  of  the  primaries.  For  example,  in  tho  chills  of  Sn12  taken  close 
to  blC  the  combs  of  copper-rich  primary  are  scanty  and  the  lobes  are 
rounded,  but  as  the  chilling  temperature  is  lowered  tho  combs  grow  and 
become  more  angular  and  fantastic.  Alloys  between  L  and  C  show 
copper-rich  primaries  if  chilled  above  /c,  but  these  vanish  in  the  chills 
between  /c  and  /C',  while  when  the  temperature  falls  below  the  curve 
1C'  a  new  copper-rich  crystallisation  appears.  Photographs  of  the  alloy 
CnMf;.r)Sn13.:,  are  enclosed  which  illustrate  these  features. 

In  the  same  way,  the  CD  alloys  which  show  copper-rich  primaries  if 
chilled  above  cv/,  and  are  uniform  solid  solutions  between  cd  and  C'D', 
are  found  to  contain  a  tin-rich  crystallisation  of  bands  and  rosettes  if 
chilled  below  the  latter  curve.  The  photographs  4,  5,  and  (i  of  the  paper 
published  in  the  i  Royal  Society  Proceedings/  plate  3,  vol.  Ixviii.,  reproduce 
these  facts.  The  alloys  of  the  branch  DE,  and  beyond,  present  very 
similar  phenomena.  They  solidify  in  the  narrow  range  of  temperature 
between  DE  and  ofe,  but  the  solid  solutions  of  the  region  below  de  aro 
very  unstable,  and  the  habit  of  crystallisation  of  the  solid  phase  that 
separates  out  along  D'E'  differs  from  that  of  the  branch  XI)',  a  minor 
change  showing  itself  near  Y. 

Thus  we  see  that  Roberts -Austen  and  Stansfield's  curve,  in  its  relation 
to  the  physical  or  chemical  changes  it  indicates,  closely  resembles  a  freezing- 
point  curve,  except  that  above  it  there  is  an  unsatu rated  solid  solution, 
instead  of  the  region  of  unsaturated  liquids  that  lies  above  a  freezing-point 
curve.  The  points  on  the  curve  correspond  to  saturated  solids, 
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below  the  curve  the  saturation  has  broken  down,  and  the  solid  solution 
has  separated  into  two  solid  phases.  Just  as  would  be  the  case  with  a 
freezing-point  curve,  the  phase  which  first  crystallises  on  the  descending 
branch  1C'  is  copper-rich,  while  that  of  the  ascending  branch  X  E'  is  tin- 
rich.  Moreover,  when  the  temperature  falls  to  the  eutectic  angle  C'  or  X, 
the  residual  matter  breaks  up  into  the  solid  eutectic,  apparently  common 
to  all  the  alloys  from  B  to  D. 

The  solid  at  D'  is  practically  homogeneous  even  after  the  transforma- 
tion of  the  lower  curve  has  taken  place  ;  that  is,  the  slowly  cooled  alloy 
here  contains  one  phase  :  this  may  be  the  compound  Cu4Sn.  The  slow 
cooled  alloy  at  E  is  also  homogeneous,  although  when  barely  solid  it  is  far 
from  being  so.  There  can  be  hardly  any  doubt  that  this  alloy  when 
slowly  cooled  or  chilled  below  E'  is  the  pure  compound  Cu.^Sn  ;  but  be- 
tween the  temperatures  E'  and  e  this  body  may  possibly  not  exist,  and 
above  e  it  certainly  does  not.  This  decomposition  of  the  Cu;iSn  at  or 
even  before  melting  explains  why  the  freezing-point  curve  has  no  summit 
*  up ••-!•••: -li  _•  to  a  body  which  almost  certainly  exists  in  the  slowly 
cooled  alloys.  It  would  be  worth  while  to  examine  the  changes  in  the 
electrical  resistance  of  these  alloys  when  chilled. 

Alloys  containing  somewhat  more  tin  than  Cu3Sn  go  through  similar 
changes  as  they  cool.  They  solidify  completely  at  temperatures  that  arc* 
not  more  than  30  or  40  degrees  below  their  freezing  point,  the  first 
matter  solidifying  being  richer  in  copper  than  the  alloy  as  a  whole.  When 
just  solid  the  alloys  appear  to  be  uniform,  and  they  remain  so  until  their 
temperature  falls  to  Roberts-Austen  and  Stansfield's  curve,  at  which  point 
a  solid,  that  may  be  Cu;iSn,  crystallises  out  of  the  solid  solution  in  long  bars. 
,Mhese  bars  do  not  entirely  till  the  alloy,  but  are  surrounded  by  mother 
Abstance  which  grows  in  bulk  with  increasing  percentage  of  tin. 

The  structure  of  the  chilled  alloys  shows  many  other  interesting 
features  which  the  authors  hope  to  discuss  at  a  future  time. 


Isomor ^Lous  Derivatives  of  Benzene. — Second  Report  of  the  Committee, 
com>istinfi  of  Professor  H.  A,  MIERS  (Chairman),  Dr.  W.  P.  WYNNE, 
and  Dr.  H.  E.  ARMSTRONG  (Secretary).  (Drawn  //y>  hi/  lite  Secre- 
tary.) 

THE  investigation  of  the  1:3:  5  series  of  sulphonic  chlorides  and  bromides 
derived  from  1  :  3  dichloro-,  dibromo-  and  chlorobrorno-benzene  has  been 
continued  during  the  past  year  and  is  almost  completed.  The  results 
confirm  and  extend  those  previously  arrived  at,  but  also  show  that  it  will 
be  necessary  to  study  very  carefully  the  dependence  of  the  crystalline 
form  on  temperature  and  solvent.  Progress  has  been  made  in  preparing 
material  for  the  examination  of  the  1:2:3  series,  the  third  set  to  which 
the  1  :  3  di-derivatives  can  give  rise  ;  and  the  sulphonic  derivatives  of  the 
1  :  2  dichloro-,  dibromo-  and  brornochloro-benzenes  are  also  under  inves- 
tigation. 

The  crystallographical  relationship  of  corresponding  methyl-,  ethyl-, 
propyl-  and  butyl-benzene  sulphonic  derivatives  is  also  being  made  the 
subject  of  study,  with  a  view  to  determine  the  alteration  in  crystalline 
form  produced  on  introducing  homologous  hydrocarbon  radicles  into 
benzenesulphonic  acid.  The  results  thus  far  obtained  show  that  a  very 
thorough  examination  of  the  series  will  be  required  to  bring  to  lij/ht  the 
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real  character  of  the  relationship,  which  is  apparently  of  a  less  simple 
character  than  that  met  with  in  the  case  of  corresponding  halogen  deri- 
vatives. 


On  Wfire-lenyth  Tables  of  the,  N/w/m  of  ilu>.  Elennmtx  and  Compound*. 
—  'Ilcport  of  ike  Commitlw,  c.o-int!^iiuj  o/'Sir  H.  E.  ROSCOE  (Chair- 
wfm),  Dr.  MARSHALL  WATTS  (*SVjrve/w//),  Sir  J.  N.  LOCKYEK,  Pro- 
fessor J.  DEWAK,  Professor  («.  D.  LIVEINU,  Professor  A.  SCHUSTER, 
Professor  W.  N.  HARTLEY,  Professor  WOLC^OTT  GIBBS,  ami  Captain 
Sir  W.  DE  W.  ABNEY. 

Gold,  Spark  Spectrum,  p,  70. 
Manganese,  Arc  Spectrum,  p.  80. 
Silicon,  Spark  Spectrum,  p  06. 


,  Vacuum-tube  Spectrum,  p.  97. 
Vanadium,  Arc  Spectrum,  p.  100. 


GOLD. 

Ultra-violet  Spark  Spectrum. 

Kder  and  Yalunta, '  Denkschr.  kaiserl.  Akad.  Wissensch.  Wien/  Ixxiii.  1800 
Kxuer  and  Haschek,  •  Sitzber,  kaiserl.  Akad.  Wi&scnsch.  Wicn,1  cvii.  1808. 

*  Observed  in  the  Arc-spectrum  by  Kayser  and  Runge 

|  Wave-lengths  enclosed  within  brackets  are  from   Eder  and  Valenta's  pu*\ious 
list  of  1896. 


and  Valonta     i  Kxnor  and  Jlasclit-U 


Intcnsit) 
and 

('luim(ttt'1 


(  07-80) 
(458701) 
^  50  05) 


(4488-4^) 


(  20-60) 
(  10-55) 

(1395-72) 
(  1534) 

(42HO-01) 
(  41-95) 

(  21-87) 
(417290) 
(4080-05) 
(  84-31) 


4803-4  |b 

* '1 702-70  4,. 

60-37  in 

1)0-4  in 

4683-77  1 

07-72  :j 

15880  Ib 

59-1  Ib 

497  Ib 

4409-1  in 

*  88-45  4r 
75-7  In 

*  37-50  2r 
31-3  Jn 
20-80  2r 
106  in 
00-5  in 

4395-6  Ib 

15-37  8r 

4278-0  lu 

60-06  2 

*  42-00  2 
26-89  2«a 
22  00  In 

4173-02  2 

|      4089-0  Ib 

*  84-30  2 

*  4792-70,  4488-46,  37'44,  4241-00,  4081-26. 


Reduction     ! 

i 

to  Vacuum 

Oscillation 

Frequency     w 

A^             L    . 

in  Vacuo       "> 

A 

! 

1-31         5-7 

2081  3 

»»            tt 

858  0 

1-30         ft  8 

21005-  i 

1-20         5-0 

275           1 

1-28 

344  4 

12-1)    ,     6-0 

liOli  7 

»>            » 

780 

1-25        6-1 

91)0 

>•           »i 

086 

i  M       „ 

22221 

«•!> 

273-2 

»•              >J 

350 

1-22 

529-0 

»              »» 

547 

1-21         6-3 

623-2 

»»            »» 

667 

»•           i» 

7187 

»>            »> 

721 

1-18       r,-4 

23171-9 

1-17         6-5 

369 

»»            «» 

477-3 

1-16         (SO 

567-1 

>«            it 

651-  i 

»»            >» 

678-8 

1-1  r>      6-7 

956-7 

M2         6-0 

244*0 

»»      -      >» 

460-0 

80 


REPORT — 1901. 

GOLD — con  tin  uvd. 


Wave-length 

;    Reduction 
Intensity       to  Vacuum 

Oscillation 

Eder  and  Valenta 

Exnev  and  Haschek 

and 
Character 

x  + 

Frequency 
_1_             in  Vacuo 

_. 

4083-49 

0 

1-12         6-9             24481-0 

— 

77-83 

1 

521-5 

(4076-60) 

76-52 

1 

n            » 

523-8 

(     65-20) 

*      65-25 

15 

>>            '» 

591-8 

— 

(U-2 

Ib 

>»            ,, 

606 

— 

57-0 

Ib 

>» 

612 

(     53-0  ) 

53-01 

7 

1-11 

066-  1 

(     41-07) 

*      41-06 

3s 

7-0 

7389 

— 

30-1 

2b 

M                         » 

801 

(     28-66) 

28-63 

1 

„                         „ 

815-3 

(     20-86) 

20-87 

1 

863-0 

(     16-27) 

16-28 

5r 

»      '             891-7 

(     12-87) 

12-8 

In         ,    MO          „                   1)13 

— 

12-35 

In               „            „                   916-3 

— 

02-6              |          Ib               ,,            71                  991) 

(     01-60) 

01  7 

Ib               „            „                   91)8 

(398C  48) 

3986  48 

1 

25077-8 

(     86-04) 

86-1 

In 

„      !             075 

(     79  72) 

79-74 

2n               „            „                   120-1 

(     76-80) 

70-77 

2n              „            ,.                   138-9 

(     59-35) 

59-31 

2              1-09    i      „      '             249-8 

(     45-19) 

45-2             i         In               „      ;     72                328 

— 

33-80 

4Ca          1-08          „                    425-0 

•i  ''     (     33-16) 

33-1 

Ib               „            „                   412 

(     27-82) 

27-84 

3            i      „ 

452-1 

(     16-15) 

16-2                      2b              „            „                  516 

(     15  03) 

14-93                    In 

536-0 

(     09-60) 

*      09-54 

Is          I      „ 

571-2 

(3898-03) 

*  3898-1                     lOr          ;      „           7-3                 641 

— 

90-56 

In         |   1  07          „                  695-9 

(     89-58) 

89-61 

In 

M 

702-2 

— 

83-47                     1                  „            „                   742-9 

(     80-34) 

80-45 

2 

762-9 

(     77-45) 

77-12 

2                  ,, 

„ 

783-0 

(     74-96) 

74-90 

3           j      „ 

?) 

799-8 

(     65-70) 

65-70 

In         i      „ 

,, 

861-2 

__. 

60-8 

In 

M 

?J 

894 

(     59-53) 

59-50 

In 

,, 

,, 

902-8 

(     55-60) 

55-52 

In 

1-06 

,, 

929-5 

(     53-76) 

53  72 

2n 

,  t 

,, 

941-6 

— 

491 

In 

>( 

)5 

973 

— 

47-62 

In 

>5 

982-8 

(     45-02) 

45-02 

2n 

,, 

„      ;         26000-4 

44-42 

In 

„ 

,,      !             004-4 

— 

42-8 

In 

,, 

015 

(     37-70) 

37-7 

Ib 

,, 

050 

36-62 

In 

,, 

057-3 

— 

35-40 

In               „      I      „                   065-6 



32-50 

In         {      „            „                  085-3 

(     31-31) 

31-27 

In              „      '      „      !            093-7 

(     29-52) 

29-60 

In              „      l      „ 

104-8 

(     28-56) 

28-4 

Ib 

„ 

114 

(     25-87)                             25-87 

^n         i      „ 

130-5 

;                  24-5                      In 

140 

(     23-20)          i                 23-12                   2n         ,      „      ,      „ 

149-3 

*  4065-22,  41-07,  3909-54,  3898-04. 
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Wave-length 

1                        Reduction  to 
Intensity         Vacuum             Oscillation 

Eder  and  Valcnta        Exner  and  Haschek 

and 
Character 

x  roquency 
±  _             in  Vacuo 

(3822-11)                       3822-05 

'         3n           1-06         7-3             26156-7 

(     20-45)          !                  20-40 

In              „      !      „      '             168-0 

(     16-50)          !                  16-42 

2n         I  1-05    '     7-4    '             195'1 

—                  j                  10-07 

In         ,      „            „                  238-8 

—                  -                  08-1 

1         Ib 

216 

(     06-95)          ;                  07-1 

11)              „      i      „                  253 

—                                   06-5 

Ib              „      !      „                  263 

(     04-22)                            04-20 

5                 „            „      !             267-0 

(     00-75)          !                  00-50 

In 

304-9 

(3799-41) 

3799-4 

In              „      .      „                  3a2 

— 

98-15 

In         •      „           MI            321-2 

(     96-15) 

96-10 

2n         ;      „      !      „                   335-1 

— 

95-4 

Ib               „      {      „                  310 

— 

04-4 

Ib 

347-2 

— 

93-0 

In               „ 

357 

!                  91-93 

1                              „      '             364-4 

—                                    88-8 

In 

„      J             390 

(     87-37)          i                  87-1 

In 

„      1             396 

— 

85-4 

In 

410 

(     80-13) 

80-11 

2n 

448-6 

— 

73-35 

2             1-04 

494-0 

(     71-12) 

71-1 

In 

7-5    |            604 

(     70-14) 

70-1 

Jb         !       » 

511 

(     65-76)                            6o-73 

2 

542-7  * 

(     65-10)          :                  65-0 

In                ,'      !      „      !             553      1 

(     63-10)                            63-1 

In                ,      •      „                  560 

(     59-03)                            59-1 

Ib                ,      '      „                  595 

(     54-85)                           54-8 

Ib                ,            „                   625 

;             (     6290)                             52-8 

Ib                ,            „                  639 

(     46-5  ) 

46-1 

In 

687 

(     32-68)                           32-6 

In           1-03         „                  783 

—                                   31-8 

In              „           „                  789 

(     30-92)           i                  31-0 

In         i      „      i      „                   797 

(     18-02)          ,                 18-0 

In 

„      ,             887 

—                                  14-2 

In 

7'6                 91H 

—                  i                 09-8 

In 

„      ,             948 

(     08-30)                            08-3 

In 

959 

(     06-99) 

06-96 

3n         ,      „ 

„                  968-7 

(     02-49) 

02-50 

In              „ 

„      1        27001-2 

(3698-65) 

3698-6 

Ib 

„  ;      030 

(     95-68) 

95-6 

Ib         i  1-02 

052 

(     94-14) 

1)4-1 

Ib         i      „ 

063 

(     90-18) 

90-2 

Ib 

091 

(     87-60) 

87-6 

Ib 

no 

— 

83-00 

In             „ 

7-7                144-1 

(     81-39) 

81-60 

In             „           „                 154-4 

— 

80-9       • 

Ib 

160 

(    77-62) 

77-7 

Ib 

183 

(     76-62)                            76-6 

Ib             „           .,                  191 

(     76-11)                           75-0 

Ib        \     „           M                 203 

(     72-93)                          72-9 

Ib              „            ,                 310 

(    71-34)                          71-3 

Ib             „            ,                 231 

(    5806)                          58-3 

Ib             „            ,                  328 

(    67-35)                          57-2 

Ib        !    1-01 

,      '             336 

(     54-56)                          54-8 

In        ;     „ 

354 

1901, 

G 
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1 
Wave-length 

Intensity 

Reduction  to 
Vacuum            Oscillation 

and 

—  Frequency 

Character 

1               in  Vac  no 

Eder  and  Valcnta 

Exner  and  Haschek 

(3651-22) 

3654-4                     In 

1-01         7-7            27357 

(    53-93)1                         53    0                   „ 

361*8        i 

(     53-66))                        &d7U                   ~n 

—                                  50-95                   1 

„      i             382-4 

(    49-25)          ,                 4925                   2n 

395-2 

—                                   45-1                     lb 

i.                  426 

(     42-66)                             42-6                      lb 

115 

(     37-57)                            37-6                      lb 

78                 483 

(     35-21)                           35-35                   2n 

499-9 

—                  !                  34-84                    2 

503-7 

— 

34-40                    1 

,      i      „                  507-1        ! 

(     33-40) 

33-40                   os 

,      i      „                   514-6        i 

(     32-81) 

32-8                     In 

519 

— 

31-6                      In 

„      !             528 

(     31-02) 

31-0 

In 

533 

— 

23-9 

In 

,      !      „                  587 

(     23-73) 

23-6 

In 

589 

(     22-93) 

22-9 

In 

591 



20-5 

lb 

„      !             613 

(     14-17) 

14-20 

3nv 

1-00          .,      !             6GO-8 

09-74 

o 

„      |      ,.                   605-0 

(     07-59) 

07-70 

2n 

710-7 

(    04-94) 

05-0 

In 

731 

*             (     01-17) 

01-22 

2n 

.,      !             7HO-6 

(3598-28) 

3598-20 

In 

7«3-9 

(     94-20)                           94-31 

In 

7-D                 813-9 

(    91-90)                           9203 

In 

,,                   831*5 

—                  '                  90-52           :         In 

,             „                   843-2 

(     86'66)                           86  8  1                   5nT 

„      ,             871-8 

(     55-58)                           355                     2n 

0-99         „              1^8117-5 

(     53-72)                     *      53-70                   3n 

,.      !              131-8 

—                                   5165                    1 

SO    !              147-9        i 

(     49-26)                           492            i         lb 

167 

(     48-26)          !                 48-20           >         1 

1753 

(     28-25)          ;                  28-1 

2n% 

0')8          „      I             X36 

(     23-42)          |                  23-50 

1 

„      i             372-9 

(3492-99) 

3493-02           ,         In 

0-)7         81                 620-4 

(     87-34) 

87-33 

In 

667-1 

— 

87-1                      In 

„      i             C(J9 

81-35                    In 

„      i             716-1 

(     70-47) 

70-5             ,         In 

8-2                 806 

— 

60-8 

In 

887 

— 

57-05 

In 

0-96         „                  918-2 

(     52-27) 

52-4 

lb 

057 

__. 

41-5 

In 

29049 



21-37 

1 

8-3                 219-8 



04-73 

1 

0-95         „                  362-6 

—                                   04-05 

In 

„      f      „                   368-5 

(3383-05)                       3383-06 

2 

8-4                 550-6 

—                                  82-6                    In              „           „                 555 

(    82-26)                           82-1                     In              „      !      „      '             559           i 

(    58-61)          I                  58-5            :         lb           0'94        8'5    :             767           ' 

(     55-35)                            55-29                    1                 „           „                   795*2 

(    08-36)                     *    08-43                   1 

0'93        8-6            30217-2 

(3230-72)                      328tT-85          ;        2  A  % 

0-92        87               471-2 

*  3563-72,  3308-42. 
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GOLD — continued. 


Wave-length 

Intonbiiy 

Reduction     | 
to  Vacuum     | 

Oscillation 
Frequency 

Kdcr  and  Valcnta 

Kxiior  and  Haschek 

and 
Character 

A  4-    !     .?-   , 

1      A        i 

in  Vacuo 

(3273-84) 

3274-1 

1  Cu 

0-92    |     8-7    | 

30534 

(     (5518) 

*     (55-20 

1 

11            i            If           J 

617-3 

17  05 

1 

0-91    |     8-8    ' 

782-7        1 

_„ 

12-8 

In 

"            " 

829 

(    30-73) 

*     30-70 

2n 

M                         «? 

943-7 

(     28-0  ) 

28-15 

lu 

'1                         »>            ' 

9t58'7 

(     21-91) 

22-0 

Ib 

,,                         ,, 

31028 

(     04-75) 

*     04  -X 

11) 

0-tio       8-9 

191 

(3194-90) 

*31!U-9 

Ib 

,,      ,      ,, 

291 

(     50-78) 

50-78 

1 

0-89        9-0 

608-8 

(     22-SS) 

*     22-97 

0 

0-88  !     9-1 

32011-7 

— 

22-03 

5s 

>»            >j 

015-2 

(3033-35) 

*3033-3 

Ib 

0-80        9-1 

958 

(     20-32) 

*     2U-31 

*> 

>»            " 

33001-4 

(     15-93) 

15-97 

I         1 

0  85        9-5 

147-3 

— 

29^5  -Oi> 

•-> 

9-0 

378-4 

__ 

90-12 

1         4s 

i»            <» 

430-5 

_ 

82'25 

i         1 

0-S4 

522-1        j 

(2951-01) 

54-51 

;{ 

9-7 

836-1) 

(     32-33) 

"      32-32 

*> 

0-83        9-8 

31092-9 

(      18-18) 

18-52 

In 

9-9 

254-0 

13-03* 

I3(J8 

'             I),s 

,,            ,, 

311-3 

07-18 

07  11» 

•           Is 

387-6 

06-07* 

OHO,") 

2n 

., 

400-9       -I 

2S93-51                   2x93-55 

\\\\ 

082  !   10-0 

549-9    \  , 

92-05*                   92-07 

2n 

507-4 

85-68                              8572 

*2 

>» 

643-6        ! 

83-69*                            S3  57 

•          X 

,,            ,, 

069-1 

tiMin         ;              tJifi 

11) 

OS1       10-1 

889 

00-80 

lu 

1>                                M 

945-2 

:>7-oi                       5700 

2n 

,,                ., 

991-4 

52  -O.i 

21  » 

,,              ,, 

35045-0 

52-30 

In 

,,                ,, 

049-3 

17-23                               17-20 

3n 

10-2 

111-8 

;ix-n;                        38-  j  a 

5s 

»»                           M 

2241        i 

35-55             !                   35  5 

2> 

•'                              M 

257 

33-10                               :S3-17 

2s 

•  1                             •« 

286-0 

25-51)            ,                  25-58 

6s 

.,                           «» 

380-9 

22-87 

22-85 

5 

0-80  i  10-3 

114-9 

20-11 

20-11 

9n 

.,      I      «« 

449-4 

05-11 

05-10 

2 

.  , 

035-1 

02-35 

02-30 

10s 

074-5 

2795-63 

2795-73 

o 

!!    ,  io:i 

769-1 

NO-93 

so-'.u; 

3s 

0-79 

948-6 

49-0 

In 

10-(5 

30366 

18-35-*                              18-35 

5s 

»•           •' 

374-9 

15-80 

Is 

I 

408-7 

43-27 

._. 

Is 

,.            11 

i             442-2 

32-11                 '             32-10 

2> 

1    0-7S 

591-0 

21  -OH             ,                   21D1 

:        2s 

!      ,.         10  7 

727-7 

06-13 

i         1 

i  »            '1 

942-4 

0,)-41                               03-51 

2s 

i»            «• 

i            078-7 

—                 :                 02-54 

— 

10  8 

991-4 

*  3265-18.   30-73,  04-81,  3194-82,  22'88,  3033-38,  29'32,  2932-33, 

2913-63,  2905-98 

2892-07,  2883-55,  2748'35r. 
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GOLD — continued. 


Wave-It 

1 

„  ,4i                              '                      :  tte< 
ngth                             i                      i       , 

;  Intensity    | 
i         and 

.action  to                                   ! 
racuum       ,      Oscillation 
Frequency 

Eder  and  Valcnta 

Esnor  and  Haschck  '  Character       A  +         J  _            in  Vacuo 
i                                              A 

2701-01* 

270  1-03                    3*             0-7 

8      108            37012-2 

2699-4 

In 

034-5 

97-8 

Is 

050 

94-40* 

—                            2s 

103-2 

90-5 

In 

157 

88-80* 

208SS2                     Is             0-77         „                   180-2 

88-20 

8S  20                     3s 

,       ,      1             1880 

87-73 

87-73                    4s          I      „ 

1      „                   195-3 

so-o 

In         '      ,. 

219 

S2'3 

In 

271 

76-OS* 

70  10                  12s         •      ,. 

109                 3571 

72-3 

1 

no 

70-7 

1 

132-5 

07-09 

0709                    2,          '.      „ 

183-1 

I.5-2H            : 

05  25                    2s 

509-0 

— 

5957                     Is 

589-2 

51-2 

1  .s            ()7 

0       11-0                 708 

t5  5              , 

—                           21* 

789 

41-65            ; 

41-5(5                    Os 

845-1 

35-4 

In 

934 

34-4 

-                .        In              , 

948 

31-7 

In 

Hi                987           ' 

2711 

2709           ,         :N 

38053-8 

25-00 

25-00                    2s               \ 

075-1        l 

21-2 

2h 

,,                   090 

22-0 

2n 

128 

17-58 

17-18                    2s 

„                    1  9IJ  C> 

10-09 

16'G2                    3n 

200-1 

12  S 

In, 

202           | 

1  1  •',* 

In 

275 

10-30 

10  1                      In         '      . 

297           i 

09-01 

OO'fiO                    21  >            o 

074 

In 

lT-2                 341            ! 

05-0 

In 

377 

2599-5 

2599  .S                      2- 

„      ,              158 

92-18 

9220                    2> 

oOO  1 

90  IS* 

90-18                     1* 

590-2 

83-5 

2n         '      , 

ii-;1.            090 

80-1 

In 

„      ,             747           i 

79  \ 

—                i         In 

757 

77-7 

-                         In 

„      !             7S3 

76-3 

—                         In 

„      !             819 

71-4 

—                          2n 

„                   878 

65-80 

05-80                    4s               \ 

11-1                 902-8 

62-7 

~~                 \         2s            ()•' 

n      „          39010 

01-9 

—                 1          In         •      , 

023 

58-0              i 

—                 i         2n         !      , 

„      '             082 

5  2'  9  2 

52  9                      2s 

„                  159-6 

50-28            j 
44-29*          j 

50-3             |         2s 
44-3             1          Is 

„      i             199-8 
1  1  -5                 292-2 

38  07 

3809                   3n 

„      '             388-4        1 

37-0              1 

—                 '         i-'1- 

,,      i              106           ' 

35  92            j 

—            ;       r^-       ;    [ 

,      i      „      '             121-9 

2701-03,  2694-40,  2688-66,  2676'05r,  2590-19,  2o44'30. 
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({OLD  . 


Wave-length 

Keductic 

T  ,       .,      i      Vacuu 
Intensity   \ 

>n  to  j 
m             Oscillation 

9  Eder  and  Valenta 

Exner  and  Haschek 

and        i 
Character      ^  + 

Frequency 
1               in  Vacuo 

^                                      i 

2533-70 

2533-74 

4s            0-74       11-5             ;J9405-9 

28-2              i                  28-15 

2s               „         11-6    '             543-0 

22-8                               — 

2n 

6*7 

20-7 

2s 

660           j 

17-2 

2n            0-7/. 

715 

15-15                              15-17 

2s 

7471 

1J  7                  ;                      — 

In 

1  1  7                 «02 

10-59*          ,                  10-59 

Is 

x!9-6 

06-35            ,                  06-38 

2v* 

«S6Ti 

—                  !                  06-07 

ID 

W91-4 

03-37 

03-33 

7s 

934-S 

2495-3 

— 

u 

i0064 

9274 

2492-68 

2b 

LI  x                 105-7 

91-68 

91-5 

Is               ,,      . 

123-4 

1)0-49 

HO-  5 

2.s 

,                    140-9 

883 

88-98 

Us               „      ' 

;,                   165-3 

83-4 



2n              „      ' 

255 

80-35 

80-35 

3s 

„      ,             305-1 

78-59 

78-68 

Is 

332-3 

77  7G 

77-80 

Is         .      ,. 

346-6 

76-2 

76-10 

3n 

11-9                 374-2 

73-84 

73-90 

In 

tio-o 

68-06 

68-05 

l>b           0-72 

505-9      * 

58-15 

58-25 

2s         ;      »     ' 

12-0                 667-3      "» 

56-55 

— 

2b         '      „ 

695-5 

55-34 

.. 

2b         ,      „ 

i!                   715-tJ 

52-79 



2b              „      ', 

757-9        ' 

47-94 

48-06 

2sAff         -,      , 

836-7 

46-61 



In              „      ', 

860-9 

_ 

46-20 

in     '    „    : 

867-7 

-15-6 

45-67 

m>         ,.    ; 

876-6 

44-3 



lb                „      - 

900 

42-47            :                  42-48 

2b 

12-1                 929-D 

37-83                              37'81» 

3s  Ag         „      ' 

41007-0        ' 

34-5              i 

In               ,,      ' 

064 

33-67            •                  33-7 

2 

,.      i            078-2 

33-3 

2-;         ,      ..      ! 

,,                  °84 

2H-06*                            2H-10 

I5r 

V>-2                 172-:* 

—                  1                  25-OH 

In 

224-1 

23-8 

2 

:>46 

19-41                              11)-! 

In         ;  0-71 

320-1 

19-1                               — 

1 

327 

17-4 

2 

,                  355 

16-68            I                  16-7 

2b         ,      ., 

367-9 

14-36 



In 

406-6 

13-27 

13-31 

3s         J      „ 

424-7 

11-40                              11-50 

2s         '      „ 

12-:1.                455-7 

10-7              !                — 

Is         i      „ 

470 

08-89            i 

2n 

500-6 

07-42 

2n        '      „ 

525-9 

05-20                             05-24 

3s 

563-6 

04-97 

04-95 

2s         ;     „ 

568-6 

02-80                             02-83 

:         3s 

„      :             C05-3 

2510-56,  2428-OCr. 
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GOLD  —  contin  ued. 

Wave-length 

Intensity 
and 

Reduction  to 
Vacuum 

Oscillation 

Eder  and  Valenta 

Exner  and  Haschek 

Character 

;     i 

A~ 

Frequency 
in  Vacuo 

2401-63 

2401-68 

2s 

0-71       12-3 

41625-2 

— 

01-3 

In 

!1                         »» 

632 

00-2 

— 

1  Cu 

)» 

651 

2399-3 



1 

'•> 

666 

95-7 



1 

124 

729 

93-62 

2393-66 

2s 

764-6 

91-7 

— 

In 

799 

88-26 

8835 

3s          !       ,            ,, 

857-5 

87-82* 

87-84 

4s 

806-5 

84-29 



2s 

928-8 

82-50            i                  82-51 

3b         !       ,         125    I             960-0 

80-5                              — 

In         !       ,           „              42095 

79-3 

— 

Is                ,           „                  017           i 

—                 :                 78-0 

In               „           „                  040 

77-2             {                 77-3 

1                 „      '      »      1             053 

76-J5 

76-31 

4s          i      „      '      „      I             069-6        ; 

73-20 

2n            0  70 

124-7        I 

71-69 

71-67 

tb              ! 

151-9 

69-40            '                  69-46 

!              /                        "         ! 

i         4n               „            ,, 

174-0 

—                                   68-10 

1                 „         12-6 

2153 

65-01  \                         64-99  \ 
64-68  /  *     1                 64-64  ] 

Or         j      .,      !      „ 
3s 

270-9 
277-1 

i                  59-1              1                 — 

In 

»>           " 

376 

57-9 

58-02 

In 

»> 

31)5-9 

55-53 

55-57 

2s 

M 

440-3 

52-67* 

52-81 

:          5s                 ,         12-7 

490-9 

51-59                             51-61 

!         2s 

» 

511-1 

48-2                             — 

Is 

n 

573 

47-10 

47-23 

2s 

592  0 

44-25 

_ 

^       : 

43-6 

— 

2s 

' 

050 

42-81 

.__ 

!       i             »     '     •• 

671-1 

41-5 

— 

i          1            '      M 

r>9fi 

40-27 

40-30 

7b               „         12-8 

710-8 

34-20 

34-15 

2b         ' 

K29-3 

— 

32-00 

2n                ,           ,, 

M08-1)        j 

31-45 

:U-40 

:         2s          :      '„ 

878  S        j 

31-20 

— 

Is          ,      „            „ 

S83-6 

30-7 

— 

Is          :      „      '      „ 

893 

26-7 

26-8 

In              „         12-9 

964-6 

25-77 

25-80 

2s         ,  0-09 

983-1 

25-34 

25-32 

2           '      „ 

991-9 

24-7 

24-73 

Is              „           „ 

43002-8 

22-34 

22-39 

7s               ,,      ;      „ 

046-2 

21-4 

— 

Is               „      ! 

064 

20-35 

20-37 

2s        :     „     !     „ 

083-7 

18-28 

18-39 

2           i      „ 

120-5 

17-5 

17-10 

144-5 

15-94 

15-96 

1         6s         j 

165-7 

14-73 

14-77 

()8 

»> 

187-9 

12-2 

12-3 

2 

13-0 

234 

—  . 

11-06 

1 

» 

257-2 

09-54 

09-50 

;     6s 

»           >i 

286-4        i 

08-2             1                 08-26 

!       i 

» 

309-7        ! 

04-89                            04-90 

9b 

,     ,     ,!                 372-8       ' 

2387-85,  2864-69,  2352'75. 
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G  OLD — continued. 


Wave-length 

<j. 

Intensity 

Reduction  to 
Vacuum 

Oscillation 

i 
Eder  and  Valeiita 

Exncr  and  Haschek 

and 
Character 

A.+ 

I 

A 

Frequency 
in  Vacuo 

2301-1 

2301-15 

In 

0-69 

13-1 

43443-4 

00-4 

— 

Is 

1? 

» 

458 

2298  3 

— 

In 

»      i 

497 

90-9 

2296-92 

2s 

i 
> 

t 

523-5 

— 

96-62 

1 

, 

i 

529-2 

95-18 

95-20 

3s 

5 

566-1 

94-08 

94-1 

2b 

f 

9 

577 

91-591 

91-60 

Ob 

^ 

>> 

624-5 

88-70 

88-06 

2s 

680-6 

87-79 

87-85 

3n        ;       ,      ;    13-2               696-0 

86-7 

86-80                   In 

716-0 

83-37  * 

83-38                    5s 

> 

779-5 

82-95             '                  82-94 

3n 

„      !             890-0 

—                  ,                  80-05 

InAg 

ft 

„      |             845-5 

79-42                              79-40 

2n 

,,      !             858-0 

—                  !                  78-10 

1 

„           „      i             883-0 

77-62 

77-65 

4n 

0-68 

889-7 

73-2 

73-25 

Is 

13-3 

976-0 

70-3 

70-27 

2s 

}) 

-) 

44034-3 

67-03 

07-07 

Ov 

,, 

»» 

095-5 

60-20 

60-01 

3b 

5 

117-1 

05-3 

05-10 

In 

?> 

1t 

134-9 

03  75 

63-77 

3n 

n 

,^ 

160-8 

02-68 

62-70 

3n 

t) 

13-4 

181-6£ 

01-32 

01-35 

2n 

, 

» 

208-00 

(50-30 



2n 

t 

227-3* 

55-90 

55-95 

2n 

!           5 

M 

313-V 

55-00 

55-1 

In 

, 

» 

331 

53-44 

53-48 

3s 

f 

j> 

302-4 

4U-13 

1 

13-5 

448-1 

48-70 

48-77 

2n 

}> 

5t 

455-3 

40-70 

40-70 

3n 

it 

,, 

596-2 



46-50 

1 

^, 

500-2 



45-53 

1 

^ 

M 

519-4 

•13-0 

44-01 

In 

f, 

?) 

549-6 

42-71 

42-7S 

5s 

»» 

,, 

574-0 

42-00 

589-5 

40-30 

40-35 

3 

622-4 

37-50 

37-55 

2n 

13-6 

678-1 

33-75 

33-75 

2n 

^ 

754-2 

31-37 

31-40 

4n 

801-3 

29-09             !                  29-07                    On 

„      1             848-2 

24-7 

In            0-07 

13-7 

936 

22-64 

22-70 

2n 

,; 

970-6 

20-64 

2062 

3s 

^^ 

45018-8 

19-4 

19-25 

o 

t> 

046-6 

15-85 

15-80 

3n        ;     ,'! 

j> 

116-7 

13-20 

13-25 

4s 

13-8 

168-6 

10-64 

10-73 

3s 

„ 

220-1 

10-30 

10-27 

Is          i      „ 

,, 

229-5 

05-92 

05-97 

2s                „ 

,, 

317-7 

01-36 

01-42 

5s 

„ 

45411-3 

2193-7 

2193-55 

1 

»» 

574-3 

92-7 



Is               „            „                   592-0 

90-7                                90-57                    Is               „      ,    14-0                636-2 

2283-42. 
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Wave-length 

Intensity 
and 

Reduction  t  o 
Vacuum 

Oscillation 

Eder  and  Valenta 

I 
Exner  and  Haschek 

Character 

A  + 

1_ 

Frequency 
in  Vacuo 

A 

2188-97 

2189-03 

4s 

0-67 

14-0 

45668-3 

86-9 

86-80 

2 

»» 

>> 

714-9 

85-7 

85-65 

2s 

» 

?> 

739-0 

84-15 

84-21 

2s 

>j 

769-1 

72-26 

72-28 

2s 

0-66 

14-1 

46020-5 

67-5 

67-40 

2s 

„      |    H-2 

124-0 

i                  

6127 

In 

254-9 

60-7 

60-55 

2n 

» 

270-3 

59-2                                59-13 

2n 

"          14*3 

300-7 

57-18            j                  67-21 

2n 

}) 

j> 

341-9 

54-4                               54-30 

2n 

J? 

u 

404-5 

— 

44-27 

1 

M 

14-4 

621-5 

40-5 

40-5 

In 

i) 

M 

704 

37-95 

37-95 

2b 

M 

759-4 

33-4 

3,^-3 

Ib 

» 

14-5 

860 

— 

29-57 

1 

0-65 

»> 

943-3 

29-03 

— 

Is 

M 

955-2 

26'8 

26-73 

2s 

14-6 

47003-9 

25-28 

25-32 

4s 

M 

t( 

037-1 

13-7 

13-69 

Is 

1J 

14-7 

295-9 

10-74 

10-78 

6s 

?> 

361-1 

2098-8 

— 

In 

•  t 

14-8 

631 

;  \           98-2 

2098-18 

Is 

J( 

645-6 

I                 950 

-                       In 

f> 

14-9 

718 

85-4 

— 

] 

>5 

151) 

937 

83-1 

83-16 

Is 

?) 

48989-0 

82-10 

82-16 

5s 

J? 

n 

012-7 

71-7 

1 

0-64 

15-1 

255 

64-0 

-                        1 

?> 

15-2 

434 

59-9 

—               1         1 

M 

531 

56-6 

-                        1 

n 

609 

55-4 

"                        1                 »» 

15-3 

637 

4465 

44-70                    5* 

15-4 

891-5 

12-10 

— 

]n           0-63 

15-7            49683-6 

00-77 

00-9 

3s          i      „          15-8                965-0 

1988-99            I                   —                        Is         i      „          16-0            50260-8        i 

77-59            1              1977-0                      ]            i      „          161                550 

72-66            |                  —                       i           I  0-62         „                  076-9 

55-64            !                   —                        i           i 

lfi-3            51117-9 

6^-69             !                    -                        3           i      „ 

10-4                223-9 

48-48             !                   — 

1 

305-7 

46-41                               — 

1 

^ 

360-2 

44-35                               —               i         1 

165 

4146 

35-13 

—               i         Ib 

M 

16-6 

659-5 

31-74 

— 

3 

» 

M 

750-2 

25-19 

— 

2 

0-61 

16-7 

926-2 

21-38 

Q 

n 

M 

52029-2 

19-39 

—                         o 

?l 

16-8               083-1 

18-04 

1 

» 

119-8 

04-41 

1 

ti 

16-9 

492-8 

1890-25 

—                        2 

17-2 

885-9 

86-85 

2 

981-2 

79-72            1                  —                       l 

17-3            53182-1 

61-68                                                        2 

0-60 

17-5 

697-4 

ON  WAVE-LENGTH   TABLES  OF  THE   SPECTRA   OF  THE   ELEMENTS. 


MANGANESE  (ARC  SPECTRUM). 
Hasselberg  :  '  Kongl.  Svenska  Vetenskaps-Akadem.  Handl.,'  Bd.  xxx.,  No.  2. 


1807. 


*  Coincident  with  Fraunhofer  lines. 

J  These  lines  seem  not  to  occur  in  Exner  and  Haschek's  lisi  of  i.'Hii.L'i'ir.c-u  spark 
lines,  ISitzber,  *  Kais.  Akad.  Wissensch.  Wien.'  civ.  (1895),  cv.  -J1*1.1'1)).  TliK  list,  in- 
cludes 1,550  lines,  extending  from  4824  to  2112.  Within  these  limits  all  the  lines 
of  the  arc  spectrum  not  marked  J  seem  to  occur. 


Wave-length 

Intensity  i 

Deduction  to 
_._...                       !        Vacuum 
Previous  Observations 

§£o     I 

•^   fl    53 
c'   S    rf 

lHo*lnnd. 

and 
Character 

(Rowland; 

1    \+     i    I- 
A 

! 

S    &> 

O    Qi 

Qf£  S 

*5849-33 

2 

'  1-G9    !     4-6    ' 

17091-4 

17-15 

2           i 

»»            *  • 

185-8 

*5780-42 

3 

1-58         „      ! 

295-1 

*     38-49    1 

4 

6737*910  Rowland     1-56    !     ,, 

421-5 

5573-94 

5 

1-52        4-9 

935-7 

*     73-27 

4 

>»               '              M 

937-9 

56-09 

2 

! 
•»        1        » 

993-4 

52-75 

2 

18004-2 

52-24 

5 

5552-193         „               „            " 

005-8 

*     38-07 

7 

}  38  025 
\37-928         "               "           " 

051-9 

*     35-77 

4 

»           » 

054-4 

*     17-05 

7 

5517-03  Thal6n,  |  J™)?*        „               „           „ 

120-7  2 

15-06 

2 

M             ! 

127-3  ^ 

*     06-15 

5 

06-095         „            1-50         5-0 

164-5  " 

04-53 

3 

»>                  u 

166-8v'f' 

5497-67 

2 

» 

184-5 

96-23 

o 

>»        1        ») 

189-3 

81-67 

6 

237-6 

*     70-86 

7 

(  5470-883                      ,  " 
\      70-802         "         i   1"1J    i      " 

273-7 

*     57-71 

4 

57-701 

317-7 

33-67 

4n 

1-48 

398-8 

*     32  75 

5 

32-753 

401-9 

*     20-5K 

4 

r                              1  20-613                    ' 
^    J         "          [  20-510         "                "            " 

4  13-2 

*     13-94 

5 

13-70       ,.            13-889 

465-8 

*     07-63 

i         7 

07-80       .,         |  07-687 

487-1 

06-32 

i         2 

„ 

4953 

*5399-72 

6 

00-85       „        5399-675         „         i  1-47    ,'     5-1 

514-4 

1     *     94-88 

G 

5394-75       ,.        |cH-839         "               "           " 

531-0 

*     88-76 

3 

1 

552-0 

*     77-83 

6 

77-85      „           77-800        „              !!      !     „ 

589-8 

77-46 

i         •' 

\     ,.      i      „ 

591-0 

*     50-08 

4 

50-059         „            1-46 

686-2 

48-31 

2 

1 

712-4 

*     44-66 

3n 

44-646         ,.                ',      '      !', 

706-2 

*     41-22 

9 

41-45       „            41-337 

717'2 

24-53 

3 

1-45 

775-9 

17-33 

2 

1 

801-3 

09-16 

on 

»>            M 

8SO-3 

5299-09 

2 

5-2 

866-0 

98-13 

o 

»>                           M 

869-4 

90 


REPORT — 1901. 
MANGANESE  (Ana  SPECTRUM)— continued. 


Reduction  to 

£3    >> 

Wave-length     Intensity 

Previous  Observations 

Vacuum 

.!§§ 

-*J    <D    y 

(Rowland) 

and 
Character 

(Rowland) 

A  + 

J_ 

1    l?g 

A 

0^  ^ 

5261-00 

2 

1-44 

n-2 

19002-6 

*     55-51 

5s 

5255-51  Thalen,  5255-492  Rowland 

}, 

022-4 

*5197'44 

2s 

5197-01       „        5197-332 

1-42 

5-3          235-0 

*     96-77 

5s 

96-741 

?> 

„            237-4 

*     51-14 

5s 

51-112 

1-41 

407-9 

*     49-40 

3 

18-112 

?> 

414-4 

*     18-15 

4 

1-40 

532-9 

*5087-02 

2 

1-39 

5-4         652-5 

*     74-97 

4 

699-1 

42-86 

0 

I  1-38 

0 

824-6 

30-86 

2 

! 

J? 

871'9 

*     30*02 

3 

875-2 

22-26 

2n 

1-37 

6-5          905-8 

*     10-58 

3 

9t 

952-2 

*     05-10 

4s 

6006-347 

974-1 

4985-98 

3 

1-36 

20050-7 

74-60 

3n 

5) 

0966 

*     66-02 

5s 

4966-036 

?i 

1313 

*     34-25 

5s 

1-35 

G'6 

260-9 

01-00 

2 

1-34 

n 

3984 

4889-12 

o 

)} 

447-0 

*     81-87 

2 

}> 

478-3 

62-28 

4 

1-33 

M 

560-9 

55-01 

2 

$> 

5-7 

591-6 

54-76 

3 

5926 

44-47 

4 

4844-408 

636-4 

3840 

2 

1-32 

M 

6623 

27-10 

2 

>f 

Jt 

710-7 

25-80 

2 

n 

}) 

716-2 

23-71 

lOnr 

4823-60       „            23-715 

^ 

725-2 

4783-60 

lOnr 

4783-34       „         47«3-607 

1-31 

r/8 

898-9 

66-58 

7 

66-14       „             66-621 

1-30 

?> 

D73-6 

66-02 

7 

65-64       „             66-050 

tt 

M 

9760 

62-54 

8 

62-14       ,,             62-567 

^ 

if 

9914 

61-68 

7 

61-34       „             61-718 

>f 

?> 

21995-2 

54-23 

lOn  r 

54-04       „             54-225 

if 

?j 

028-1 

39-27 

6s 

39-14       „             39-291 

Jf 

1? 

094-5 

27-63 

7 

27-64       „             27-676 

1-29 

146-4 

09-87 

7 

09-94       „             09-896 

226-2 

01-30 

4 

01-14       „             01-345 

5-9 

2620 

4671-86 

4s 

4671-68       „         4671-858         „ 

1-28 

398-8 

43-01 

2 

1-27 

531-8 

27-99 

2 

M 

6-0 

601-6 

*     26-74 

4s 

26-48       „            26-718 

607-5 

07-80 

3n 

07-48       „ 

1-26 

695-9 

*     05-55 

5n 

05-68       „            05-536 

706-9 

4595-51 

3 

754-4 

86-30 

2 

t 

798-1 

48-75 

4 

4549-05       „ 

1-25 

6-1 

978-0 

44-61 

Ij 

} 

998-0 

*     42-62 

4 

1-24 

22007-6 

34-72 

2 

046-0 

30-01 

2 

068-9 

*     23-58 

3 

4523-572 

100-3 

04-03 

4 

03-95       „            04-042 

1-28 

,, 

196-2 

ON  WAVE-LENGTH    TABLES   OF   THE  SPECTRA   OF  THE   ELEMENTS.         91 
MAXCUNESH  (ARC  SPECTRUM)—  conti/wrd. 


Reduction  to  '    c  >, 

Wave-length 
(Rowland) 

Intensity 
and 
Character 

Previous  Observations 
(Rowland) 

Vac 

uum 
1 

•2  §  § 

"*  2  ^ 

il> 

A  + 

*  _H  f& 

- 

A"" 

uw  ^ 

*4502-38 
*4499-06 

7 
7 

4502-ii5Thal6n,  4502-388  Rowland 
449905       t,         4499-070 

1-23 

6-1 

22201-4 
220-8 

*     90-82 

3 

96-05       „             96-676 

6-2 

231-7 

*     91-86 

4 

91-85       „             91-823 

258-3 

*     90-28 

7 

90-25       „             90-253         „                " 

5) 

OfiA-1 

*     79-59 

I 

79-75       .,             79-553         „           ' 

<  )                             <U  \J'X     ±. 

„      ',      317-3 

f     7'2-92             6 

73-15       ,,             72-967         .,          !      " 

350-6 

'     70-31 

0 

(71-35       .,             7                              !      '|                   i 
\70-25       .,             7CUO°         »           ;      "            "            M3-6 

M     64-80 

~ 

65  05       ,,             64-844         ,.              1  22           *            390-0 

*     02-17 

811 

6225       ,.             62-165         „                ,             "            404-4 

!     *    01-25            7 

01-41       ,.            61-242         .,          i      „           [f           409-0 

00-55            0 

00-55       .,             00-462         .,                 „                         412-6 

*     58-43    I         7 

58-45       „             58-409         „                „            ,             423-2 

*     5771    !         t 

57-65       „             57-712         „                „            „      !      426-8 

fc     57'22            o 

57-45       „             57-207 

,,           429-1 

*•     5605    ;         t 

56-15       ,.             55-980 

„        !        AZR  9 

*     55-50 

( 

55-55       ..             55-485 

" 

438-0 

*     55-19 

t 

55-25       .,             55-193 

'' 

" 

440-0 

*     53-16 

( 

53-25       „             53-171 

450  3 

52-73J 

452-4 

*     51-75 

7 

51-95       .,             51-752 

"' 

456-9 

*     47-32 

47-45       „             47302 

" 

479-2 

*     36-52 

* 

30-45       „             30-510 

'5 

534-0 

36*24 

53  £•/ 

4     19-90 

.*• 

2005       „             19-941 

1-21 

d-3 

01  tf 

*     15-06 

I 

1505       „             15-047 

038'b  k 

*     12-00 

4 

12-15       „             12-043 

}j 

'] 

658-8 

~l     08-28 

3 

08-35       „ 

«7R-3 

4389-95 

3 

1389-930         .,              1-20 

7730 

N8'27            '/ 

88-260         „           !      ., 

781-7 

82-80            3n 

4383-10       „             82-847         ,,           '      ., 

M                                    i   V     *       I          ( 

810-2  • 

Sl-87             I 

H2-30       ,.              82-045         „                 „            „      .      sifrO  i 

*     75-10 

4 

7:>':m       -             75-103         „                „           „      ;      850-3 

37*57             1> 

37-569         „              1-19         (j-1    '23048-0 

20-35    |         — 
23  59             -  - 

2|J'10       "                                                   „      ;      „            107-8  ( 

M 

122-5 

21-30 

— 

23-50       „ 

134-5 

*     12-70 

5 

2''*0       -             I'-J'^S         „              1-18         .,      i      180-9 

05-84 

o 

,.      !     6-5    i      217-8 

00-35 

3 

00-23       lf             00-370         ,.                ..      !      ..            *47-t 

4290-29 

o 

301-9 

»     84-22 

r> 

4284-53       t,         4284-223 

" 

" 

335-0 

*     81-27 

6 

81-33       „             Si  257 

351-0 

78-85 

;> 

"•»    i       ' 

364*2 

06-08            (> 

66-33       .,             66-081 

434-2 

61-45            ;j 

01-63       „            01-496 

459-7 

58-48J 

2 

t" 

[] 

4760 

57-80            (> 

58-03       „            57-815 

4:79-8 

39-88            6 
35-46J          0 

40-03       „             39-890 
35-43       „            35-450 

1-10 

6-6 

579-0 
603-6 

35-28    !         0 

35-298 

604-6 

30-47J          2 

" 

6314 

30-81            2 

"          i          ftQO.Q 

*     20-79            5 

..                           j,              ,              W^    V 

2M3      „            20»738        ,.                .,           .,           685-6 

92 


REPORT — 1901. 


MANGANESE  (ABC  SPECTRUM) — continued. 


Wavc-lengtl 
(Rowland) 

Intensity 
and 
Character 

Previous  Observations 
(Rowland) 

Redi 

Vt 

A  + 

iction  to 
icuum 

1 
A 

s  >*'  « 
•2g§ 
-*i  <u  w 

^  £^ 
rd  cr1^- 

82  a 
Ofe'" 

*421264{ 

2 

1-1(5 

G6 

23731-5 

*     11-90 

4 

4211-899  Rowland  1      „ 

735-6 

*    01-88 

4 

4202-23  Thalfin,     01-869        „            M5         „           792-3 

i     *4190-ir> 

4 

4190-147         „                ..      '     0-7          8588 

*     76-73 

5 

76-739         „           ,'      „            „      j      935-5 

*     57-21 

3 

57-167         „              1'14          „      !  24048-5  • 

55-68J 

:* 

i      ,.            .,           056-7 

5116 

3 

,.      '      „      i     082-9 

48-94 

5 

48-948         „                „           68         095-7 

47-65 

4 

47-645         „                „            „      ;      103-2 

41-18 

5 

41-208         „          ,      „            „            140-9  i 

40-35 

2 

145-7 

37-40J 

4 

37-428         M          !                  „      i      163*0 

35-13 

5 

4136-26        „           35-191         .,                 ,            „            175  '2 

34-77 

4 

..      I      178-3 

32-45 

2 

i 

>j 

188-7 

31-60J 

2 

, 

i      " 

201  9 

*     31-26 

5 

31-271 

, 

1 

203-9 

*     23-68 

3 

23-664 

1-13 

» 

243-4 

*     23-41 

3 

j, 

>i 

2150 

22-92 

3 

,, 

247-8 

14-53 

4 

14-461 

J} 

M 

297-3 

[     *     14  02 

3s 

>? 

}> 

3003 

*     13-39 

4 

13-381 

}J 

^ 

304-0 

10-98 

6 

11-021 

>i    ! 

318-3 

-     08-01 

3 

,, 

335-9 

*     05-61 

5 

05-514 

M 

,5 

350-7 

*     03-62 

3 

361-9 

*    03-07 

4 

03-097 

^ 

)» 

365-2 

4099  57 

2 

> 

6-9 

386-0 

*     96  81J 

3 

j 

<f 

402-2 

*     95-42 

4 

4095-423 

^ 

v 

407-2 

95*17 

2 

5 

412-0 

90-73 

2 

1-12 

1 

438-6 

90-10 

4 

90-113 

»» 

,!            442-3 

*     83-75 

9 

4083-83        „           83-783          ,                 „      i      „            480-4 

*     83-09 

9 

83-13        „           83-095          ,           |      „ 

}> 
" 

484-4 

*     79-56J 

9 

79-43        „           79570 

M 

505-5 

*     79-35 

9 

79-393 

„ 

506-5 

*     75-39 

3 

70-431 

J( 

530-6 

*     7041 

6 

68-137 

„      i      ,, 

560-6 

*    68-13 

4s  also  Fe 

,( 

5 

574-4 

66-38 

3 

65-239 

,, 

585-0 

*     65-22 

4 

» 

5933 

*     63-38 

7  also  Fe 

63-63       „          63573 

J? 

fj 

603-2 

*    61-88 

6 

61-881 

M 

M 

612-2 

*     59-53 

G 

59535 

M 

626-5 

*     59-08 

7 

59-081 

j) 

629-2 

*     58-10 

5 

58-115 

}> 

>t 

635-2 

*     55-68 

9 

56-43        „       4055-701 

»J 

649-9 

65-35J 

4 

55-365 

651-9 

*     52-62 

4 

52-603 

I'll 

668-5 

61-90 

4 

» 

7-0 

672-8 

*    49-16J 

4 

» 

689-6 

*     48-88 

8 

48-83         ,,      4048-910                   >      " 

691-2 

ON   WAVE-LENGTH  TABLES  OF  THE  SPECTRA  OF  THE  ELEMENTS.        9e3 
MANGANESE  (ARC  SPECTRUM)— continued. 


Reduction  to  !     a  >* 

Wave-length 
(Rowland) 

Intensity 
and 
Character 

Previous  Observations               :       Vacuum 

ill 

—     J2  &  ^ 

(Rowland) 

•    A+        £~ 

J|.s 

4|0i'?m     in     <5,      v                                  1045*266  Rowland      Ml         7-U     21713-3 
*     11*49    JOnaLsuK-    10J1-23  Tlmlcn,       41-525         „                           ,.            736-3 

*     35-88 
*     34-60 
*     33-18 
*     30-87 
*     26-57 
*     20-18 
*     1H-25 
12-09 
11*69 

i 

20n  r 
20n  r 
20n  r 

3 

38-771 
1035-883 
•U-63       „             34-644         „               „      '      " 
33-53       „             33*230 
30-13       .,             30-91  9t                 i       , 
26-683         „         !      „      '      " 
20-226 
18-25  f       „         -.,,,! 
1-10 
11-693 

752-3 
770-7 
778-6 
787-3 
801-5 
828-0 
867-5 
879-4 
917*6 
920-1 

08*19             •*           i                                     08-215 

911*9 

03-42    :         2                                                                   '                           f 

<>a<»uj    *     ;                02-308    „       ;; 

02*05            2                                               02*086 

978*5 
980*1 

3997-31 
92-65 
*     90*10 

3 

.^97-365 
3992-5     Lockyer 
90-0         „           90-129 

25009-5 
038*9 
054*9 

87-61 

2 

87-625 

070*6 

*     87-23 

I                                         3987-244         ''         \      "      ! 

073*0 

*   86-91         i       ;                        8fi.j>79      ;;      i    ;;    •    " 

074-8 

*     *6'«*6             *            i                                     85-463         „         i      ,"      . 

084*7 

8'1-31     i         2           ;                                 3984-294 
83-07J,         2           ;                                     83.Q53         .,               "      ',      " 

091-3 
099*2 

*     N3-72             4                                               82*630 

101-' 

82-31              2                                                                                    "      '      " 
77'24    ,         3           |       772         „            77*223         „         ]      \\ 

103  C 

4     ™'0;*    I         ;;           ;       75-fi         „              75*985         „         |      ]\ 

1  13-5 

5300    ;          J                  52-7         „             53-043         „            1-09         7*2         *>90'0 
4:^l             Sn                430         „             42-984         „               „             ,            ^54-1 

36*91             2                                                 36*912                                       J 
^'82    i         2                  296         „             29*864         ||            l-QS          ^ 

393*4 
439-3 

20-30J|         3                                                 29-363         „         |      ",      i      " 

141-9 
142-6 

26<G1     !         r>                  20  5         „             26-597         „         'i      !! 

459  1 

24-21 
23-45 
22  82J 

1 
3 

5n 

21'2         .,             24*206 
23*5         „             23*375 
22-8         „             22-815 

480-4 
4806 
484*7 

22-20 
21-85$ 
18-43 

2 
•In 

22-223 
21-8         „             21-855 

18-3    „      18-396    „       „  ;  ;; 

488-7 
191-0 
513-2 

16-75 
11-57 
11-27 
08-31 
05-12 
04-47 
03-68 
3899-8  1J 
99-46 
*     98*50 

2 
3 

3n 
2s 
2 

2 

4s 
3s 

4 

16-6K1         .,                      ' 
11-5         .,             11-554 
11-2                                                                 ,      " 

,,           (  * 

!      "            " 

3899-701         „               " 
99530        „              „      ' 

98*531         „         i      „      ' 

524-2 
558-0 
559-9 
i         579  0 
600-1 
604-9 
616-1 
635-0 
637*2 
643*5 

MANGANESE  (Aso  SPEOTBUM)—  continued. 


Wave-length 
(Rowland) 

Intensity 
and 
Character 

Previous  Observations 
(Rowland) 

Reduction  to 
Vacuum 

1 
Oscillation 
Frequency 
in  Vacuo 

\  + 

1 

\ 

3897-47 

2 

1-08 

7-3 

25650-4 

96*48 

3s 

3896-385  Rowland 

1-07 

»» 

656-9 

*    94-85 

3s 

94-850 

1t 

»> 

667-6 

*    92-72 

2 

92-698        ,, 

M 

>» 

681-7 

*    91-92 

3 

„ 

n 

687-0 

89*62 

2 

89-498 

»» 

>J 

699-9 

*     86-42 

5s  also  Fe 

»> 

727-3 

79-32 

2 

M 

770-4 

72-26 

2 

»» 

817-4 

65-83 

2 

»> 

)) 

860-4 

*    61-88J 

3 

»» 

886-8 

56-68 

4 

M 

lt 

921-7 

*    6360 

3 

1-06 

»» 

942-5 

*    44-10 

7 

44-135 

» 

»• 

26006-6 

*    41-17 

8  also  Fe 

41-195 

» 

»» 

026-4 

*    39-92 

7 

39-922 

>» 

»» 

034-9 

37-68 

3 

1t 

050-1 

*    34-48 

9 

34-506 

?> 

»> 

071-8 

*    3396 

7 

34'006 

'»      ,       » 

076-4 

30-12J 

2 

,, 

, 

101-5 

*    29-81 

5 

»»            » 

103-6 

*    24-01 

7 

24-028 

»             » 

H3-3 

J     *    23-64 

8 

23-653 

„      ',       , 

145-8 

»     *    16-87 

5 

16-887 

1-05    !     7-4 

192-1 

t          10-85 

4 

*>           u 

233-5 

1  *       09-70 

6 

09'733f       «               .1      .      .»           239-5 

*    06-84 

9  also  Fe 

06-865        .               „           „           261-1 

02-04 

4 

02-051 

294-3 

*    00-68 

4 

00-683 

,.       -    „           303-7 

*3799-38 

4 

3799-386 

„      ;       ,           312-7 

*    90-36 

6 

90-362 

,     !     375-3 

*    85*57 

3 

,     :     408-7 

*    76-70 

3s 

76-698        „ 

1-04          ,      •      470-7 

*    74-81 

2 

484-0 

*    74-02 

.2 

489-5 

71-62 

2 

7-5 

506-3 

68-33 

2 

i>           »t 

529-4 

*    67-84 

4 

67-787 

"      \      " 

532-9 

63-51 

4 

563-4 

*     66-80 

3 

56-705 

610-9 

t  Double 
1 


Bowland's  Table  of  Solar  Spectrum  Wave-lengths  gives 


he  following  lines  (not  mentioned   in  the  above  list)  as  due  to  Manganese: 
>457  640,  12-997,  6321-976,  4884-242,  4233-328,  4171-854,  4092-547,  83'376,  45-371, 
53-814,  33-732,  31-942,  07  185,  3954-680,  52-103,  37-972,  3896-583,   88-971,  40-340, 
$696-800,  95-658,  91-452,   84-680,  58*689,  58-044,  17'575,  15-631,  3690-109,  11  '763, 
88437,   87-095,   74-287,   74-197,   60-174,    55-204,  55-121,    61-609,  42-118,   20-940, 
186-085,  82*826,  82-129,  79-006,  70-770,  69-352,  68-319,  55-661,  45-495,  43-804,  30-802, 
83,  17393,  16-698,  16-561,  14-995,  H-674,  14-334,  13-562,  13-301,  12-063,  08-888, 
07-A14,  05-001,  03-398,  3299'652,  98'361,  97'014,  96-961,  80-900,  78*687,  7B  176,  70-473, 
68-8U7,  64-833,  60-386,  68  642,  66'284,  66-617,  64-180,  63  090,  61-273,  48-637,  43*883, 
407%  40*522,  86-905,  30*843,  28-219,  26  143,  24'882,  17-040,  13004,  3178-620,  67-289, 
6M40L  48283,  42*846,  40-430,  3079'724,  73-232,  70-372,  66-101,  62-222,  64-429,  48-999, 
44-671,  40712,  22'8B1,  218(01  '183,  2798-369,  94-911,  2693-810,  76195. 
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MANGANESE  (ARC  SPECTBUM)— continued. 


Deduction  to 

^0*0 

Wave-length 

Intensity 

Previous  Observations 

Vacuum 

••§§! 

(Rowland) 

and 
Character 

(Rowland) 

\  + 

1_ 

If1*; 

A."" 

Ofa- 

3750-92 

4 

3750*916  Rowland 

1-04 

7-5 

26652-6 

49-54 

3 

„ 

M 

662-4 

46-78 

4 

46-717 

,, 

tt 

682-1 

*    37-03 

3 

37-059 

1-03 

5t 

761-7 

32-06 

6 

32-072 

„ 

787*4 

*    29-05 

4 

29-004 

„ 

M 

809-0 

27-21J 

2 

27-061 

„ 

7-G 

822-1 

,    19-04 

5 

19'070 

,, 

tt 

881-1 

06*16 

5 

06-175 

„ 

„ 

974-5 

01-86 

3s 

01*866 

,, 

„ 

27005-9 

00-47 

2 

„ 

M 

016-0 

3696-69 

5 

3696-707 

1-02 

M 

044-6 

94-28 

3n 

„ 

„ 

061-3 

93-81 

5 

93-804 

„ 

„ 

064-7 

92-98 

3 

92-954 

tt 

„ 

070-8 

85-69J 

2 

85-665 

ft 

„ 

124-4 

8504 

2 

„ 

,» 

129-1 

*    82-24 

4 

82-161 

tt 

7-7 

149-7 

80-32 

2 

„ 

,, 

163-8 

*    77-12 

4 

, 

t> 

187-5 

*    70-67 

3 

70-678 

„ 

235-3 

*    70-00 

2 

69-976 

, 

„ 

240-3 

*    69-64 

2 

, 

,, 

243-7 

*     60-52 

4 

60-549 

, 

„ 

310-8 

*    41-60 

2 

41-597 

1-01 

7-8 

452-6 

35-89 

2 

u 

,, 

495-8 

*    29-87 

4 

29-877 

ti 

., 

541-4 

*    23-92 

5 

23-926 

tt 

,, 

586-6 

*     19-42 

6 

19-412 

,, 

„ 

620-9 

*     10-44 

6 

10-435 

1-00 

„ 

689-6 

*    0862 

6 

08-630 

tl 

tt 

703-6 

*    07'66 

6 

07-672 

„ 

tf 

711-0 

01-96 

2 

tt 

„ 

754-9 

01-46 

2 

,, 

,, 

758-8 

*3595-25 

5 

3595-256 

tt 

tt 

806-7 

*    86-65 

6 

86-684 

„ 

tt 

873-3 

*    77-99 

7 

78-014 

0-90 

7-9 

940-7 

*    70-18 

5n 

70183 

it 

,, 

28001*9 

*    69-91 

5n 

69968        „ 

,t 

M 

004-0 

*    69-66 

8n 

69-649 

„ 

M 

006-0 

*    48-35^ 

5n 

48  332        „ 

„ 

„ 

174-1 

*    48-17 

5n 

48-175 

n 

8-0 

175-5 

*    47-94 

5n 

47-941 

„ 

„ 

177*4 

*    32-27 

on 

32-262        „ 

0-98 

,, 

302-4 

*    32-14 

5n 

32-143 

tt 

tt 

303-4 

*    31-97 

5n 

31-982 

,, 

,, 

304-8 

*3497'67 

3 

97-668 

0-97 

8-1 

582-3 

*    96-96 

8 

96952 

t, 

,, 

688-2 

*    95-99 

4 

95-974 

„ 

,, 

596-1 

*    88*80 

4 

88-817 

tt 

1      " 

655-0 

*    83*01 

4 

83-047       „ 

i 
tt           ft 

702-7 

*    60-47 

5 

60*460       „ 

8-2 

889-6 
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SILICON  (SPARK  OFECTRUM). 

EcTer  and  Valenta,  'Sitzber.  kais.  Akad.  Wissensch.  Wien,'  cvii.  (2),  1898. 

Exner  and  Haschek,  ibid.t  cviii.  (2),  1899. 
Lockyer,  «  Proc.  Royal  Soc.,'  Ixv.  p.  149.     1900. 

t  Observed  also  by  Count  de  Gramont,  who  gives  also  lines  at  6969*7,  6342*2, 
5978-9,  5960*3,  5948'0  ?,  5060*0,  5045-5. 

*  Observed  also  by  Rowland,  whose  values  are  4103-101,  3905*666,  2987*766, 
2881*695,  2631*392,  2528*599,  2524*206,  2519*297,  2516'210,  2511-117,  2506*994, 
2413-460,  2438-864,  2435*247,  2216-760,  2211*759,  2210*939,  2208-060.  Rowland  gives 
also  lines  at  5948*761,  6771*360,  5708  620,  5645*835,  and  2218*146. 

t  3807  Luni,  <  Astroph.  J.'  xi.  p.  269  (1900). 


1 
Eder  and  Valenta 

i 
Exner  and  Haschek 

Lockyer 

Reduction  to 
Vacuum 

Intensity                            Intensity 
Wave-length         and       |  Wave-length         and 
Character                           Churactei 

Wave- 
length 

;              Frequency 

A  -j      '    -    — 

1     * 

|       ___ 

4764*20 

1                    — 

1-31        5'8 

20981-0 

—           ,       —  . 

tl574-!> 

In 

4575-3 

1*25 

6-0 

21852 

—           i       — 

f     67-95 

In                 68-0 

u            »i 

885  1 

— 

— 

t     52-75 

3n         '         52-8 

6-1 

9575 

fll31-0 

4b 

—                 — 

4131-4 

M3        6-8 

21200 

f     28*2 

4b 

41281 

5b 

28-3 

,,      '      ,, 

217 

— 

— 

— 

— 

16-1 

51                             I) 

292 

— 

— 

*    03-2 

In 



'» 

364 

— 

— 

4096-8 

Ib        ,        — 

^ 

6*9 

402 

— 

— 

"~ 

—       ;     4089*1  ? 

1-12 

»» 

447? 

— 

— 

30*1 

2b         !         —            Ml 

7-0          713 

— 

— 

21*0 

Ib        !        — 

862 

3905*80 

3b 

*3905-7t 

5r         i         — 

1-08 

7-3       25594-5 

— 

-. 

3883*46 

j           ;         

1'07 

739-7 

— 

— 

71-60 

1  (ON) 

819-4 

3862-75 

8b 

62-80 

4n         i     38B2-7 

!!           7-5 

880-7 

56-20             3b 

56*19 

on         !         56-1          1-06 

9247 

54-00             Ib 

54*02 

In 

939-5 

—                  — 

53-62           Jn 

»                >« 

9424 

34  i               I 

—                  —       •         j 

26072 

26-7               1 

I       * 

125 

—           '       — 

{06-90          3n         '         —            l'()5       fl 

260-6 

3795-9               2 

3796*50      j     2n                 — 

! 

332*6 

91-1               1 

91-8             Ib        i 

!!            "      !       366 

—                  _ 

91-0        in     '     —         ;;       ;,    f    371    ; 

3191-1 

1 

—                 — 

0-90 

8-9       31328 

— 

— 

:i093*6 

Ib 



0'87 

9-2    |  32315*8 

3086-8 

1 

86*6 

Ib 



tt 

389 

2987*77 

4 

-"2987*77 

1 



0*84 

cJ'fi 

33150*8 

2881-70 

10 

*2881-73 

15 



0*82 

10-0 

34688-4 

2689-8 

1 

— 

— 

— 

0*77 

10-8 

37181 

77*4 

1 

— 

— 

— 

» 

10-9 

338 

59-0 

1 

— 

— 

— 

jf 

597 

31*39 

8 

*2631*38 

3 



076 

11-0 

983-6 

2568*8 

2 

2568-8 

In 

— 

0-75 

11-3 

38917 

41*89 

8 

41*90 

2 

— 

0-74 

11-5 

39330 

34-7 

1 

— 

— 

— 

?f 

,, 

440-9 

33  2               4 

32*45 

1 

— 

452*6 

28-60      '       8 

*     28*60 

8 

—          „      ii:6 

530 

24*21      I       8         1 

*     24-21 

6 



593*6 

19-30 

8 

*     19-30 

5 



;:  i  ;, 

666 

16*21 

10 

*     16-26        10 

— 

0-73  ;     „ 

719*4 

14*42 

7 

*     14-41          6 

— 

)>                II 

750*8 
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SILICON  (SPABK  SPECTRUM)— continued. 


Eder  and  Valenta 

Exner  and  Haschek 

Wave-length 

Intensity 
and 
Character 

Wave  length 

Intensity 
and 
Character 

2506-99 

8 

*25()7'01 

6 

2179-8               1 

2478-68 

1  (CN) 

5222      i       3 

52  23 

In 

!           46-0 

3 

45-63 

1 

— 

— 

*     43-91 

In 

43-46 

2 

*     43-47 

In 

38-86 

2 

*     38-87 

In 

35-25 

8 

35-22 

3 

2356-9 

1 

— 

— 

033 

1 

— 

— 

— 

2296-96 

1  (C) 

2219-5                1          i           — 

18-15      i        1                     —           i       — 

16-76 

4              *     16-75      '     In 

118               3              *     11-87      ,     In 

109               3          -     *     10-97           1 

08-1                3              *     08-1              1            ; 

2122-8 

2                    —           (       —       i 

19290 

i                     -    | 

Lockyer 


Redaction  to 
Vacuum 


—         I 


I 

1 

VyD<_lAlUl>lUJl 

Frequency 

0-73 

11-7 

39861-0 

M 

11-8 

40317-6 

1      1, 

120 

752-9 

0-72 

»» 

871-7 

>, 

904-7 

i           if 

905-4 

!  " 

12-1 

988-5 

41040-1 

,    0:70 

12-6 

42416 

009 

13-0 

43403 

'. 

,, 

522-1 

i    067 

13-7 

45041 

!      " 

ti 

053-4 

„           ,t 

092-8 

.      „         13-8 

194-4 

1      »» 

tt 

217-3 

1f 

it 

274 

,    0-65 

14-6 

47092 

|    0-62 

16-6 

51823 

ARGON  (VACUUM  TUBE). 

The  reel  end  of  the  red  spectrum  of  Argon. 

Runge,  •  Astroph,  J..'  ix,  p.  281.     1899. 
Runge  and  Pascben,  *  Astroph.  J./  viii.  99.     1898, 

*  These  lines  belong  also  to  the  '  blue  spectrum.' 


;                    ' 

Previous  Measurements 

Reduction  to  • 
Vacuum 

length 
(Rungo) 

Intensity 

^ 

Oscillation 
Frequency 

Runge  and 
Pdschen 

Kayfler 

Crooked 

1 

A.~~ 

8014-73 

1 



,, 

—         ;  2-17         34         12473-6    ' 

06-00 

1 

__ 

—            246 

)i 

487-2 

7948-32 

1 

7952 

_... 

—            2-15 

577-9 

7724-15 

2 

7725 

7723-4 

;  2-09 

3-5            942-9 

7635-19 

3 

7636  2 

7635  6 

7646       !  2-07 

13093  7 

7514-77 

3* 

7515-4 

7515-1 

—         !<  2-04 

36    :         303-5 

0404 

7 

04-5 

034 

7506 

2-03 

322-6 

7435-77 

1 







201    |      „               444-9 

7384-18 

5* 

7384  22 

7383*3 

*».}--» 
*.u  < 

2-00        3-7             538-8 

72-28 

1 



,.  . 



.  —  . 

560-6 

53-42 

1 





— 

1-99 

— 

597-3 

16-15 

1                   





1-98 

— 

6647 

11  80 

1                   — 





—         —             672-8 

7273  13 

5* 

7273-01 

7271'6 

7263 

1-97 

745-5 

07-20 

1 

— 

1-95 

—     |        871-3 

Nasini,  Anderlini,  and  Salvador!  [Accad.  Lined,  Atth 
red  lines  at  7980,  8030,  814Q,  8320,  8450,  nud  8575, 
1901. 


iii.  269  (1899)]  give  infra 
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ABQON 
f  These  lines  belong  only  to  the  '  blue  spectrum.' 


Wave-length 

Previous  Measurements 

Reduction 
to  Vacuum 

Intensity 

Oscillation 

Kunge  and 
Paschen 

and 
Character 

Kayser 

Crookes 

\  + 

1_ 
\ 

Frequency 

i 

7147-30 

1 

7146-8 

— 

1-94 

3-8 

13987-5 

7068-83 

1 





1-92 

14142-8 

67-54 

5* 

7066-6 

7056-4 

155-4 

30-54 

2* 

29-2 



1!91 

21!)  9 

6965-81 

6* 

6&(>4-8 

6965-6 

1-89 

3-9    !           351-9 

37-99                  2* 

37-8 



1-88        „      !           409-5 

6888-83                  1 



,  . 

1-87        ..      '           512-3 

80-26 

1 



!      t,      '      ',',      !             30-4 

71-56 

4* 

68706 

1  86  '      „                   48-8 

27-85               <  1 



„      :     40               641-9 

6766-97                   1 

1-83         ..                 773-7 

56-58            i            -                                  ;; 

96  4 

C3-15 

T>*             6752-7 

6754                 .,      •      .. 

803-9 

19-33 

2 



1-82 

7H-4 

6699  06 

3 



_  . 

923-5 

84-95 

<>t 

6684  2 



55-0 

82-7 

2 



1-81 

60 

79-01 

<1 

,  



6S  3 

77-61 

6* 

76  5 

6604                 '.'            '' 

71-4 

64-27 

3 

4-1 

15001-3 

60-92 

3 

.  

088 

44-3                    3f       I           442                   —               ISO  '      !'. 

46 

40-5                     If 

1                  '                  rr 

38-7 

2f       ;           386                   —                 „      i      „ 

59 

32-07 

1                      —            .                                  „             ..                     74-1 

15-2 

<>t       -                 ;; 

113 

05-05 

4                    —                     —  -              1-79 

35  9 

6538-43                   3* 

1-78 

290  1 

13-87                   1         i 

1-77 

347-8 

6494-10        i           2         '           —                                    ;  i  76 

4*2 

91-4 

83-6 

3t       !       6482-8 

41<) 

81-17                  2 





25-1 

66-65                   ;>, 

.  

i    "        " 

59  8 

31-77 

3 



1  1-75          ", 

543-6 

1654 

8* 

152 

6407              1-74 

80-5 

02-21 

1 



>»      '       i 

615-4 

6384-89                   5* 

6384-5 

«377           ,      „ 

57-8 

69-74 

4 

68-0 

95-0 

65-02 

3 

— 

1-73 

' 

706  7 

34-24 

<1 

_. 

1  1  72 

4-3 

82-9 

09-36 

1 

— 

— 

»» 

845-2 

07-91 

5 

07-8 



48-8 

6299-01 

<1 





1-71 

" 

71-2 

97-15 

5 

6296-8 

6302 

" 

75-9 

78-80 

2 

—  . 

— 

i« 

" 

9223 

66-70 

1 

— 

—             1-70 

f>:M 

59-58 

<1 

— 

" 

71-2 

4865 

4 





it 

99  2 

43-45 

3t 

43-7        '           — 

ft 

>» 

160123 

405 

<;t 

,           .  .  T 

9JC\ 

H8'68 

<i 

i           —          '      i» 

»»                   ••" 
„      ,            25-0 

ON  WAVE-LENGTH  TABLES  OP  THfi  SPECTRA  OF  THE  ELEMENTS. 
ARGON  (VACUUM-TUBE.)— continued. 


Wave-length 

Intensity 
and 

Previous  Measurement 

Reduction 
to  Vacuum 

Oscillation 

Runge  and 
I'aschen 

Character 

Kayser 

Crookea 

A-f 

"A 

Frequency 

0235-99                    I 

43-7 

-              1-70 

4-3           16031-6 

30-90 

2 

— 

1-69         ,t                   40-6 

24-85 

1 

_, 

60-3 

— 

— 

175 

.  —  . 

11 

4-4    ;             79-2 

10-14 

6 

— 

— 

,i      '             82-7 

._ 

— 

15-Of 

-. 

1t 

81-2 

12-73 

6 

12-5 

6210 

91-6 

0199-44 

<1 

— 



tr 

120-1 

97-30 

<  1 

— 

— 

',                   31-7 

91-25 

<  1 

— 



it 

,     ;           39-6 

89-5 

<  If 

— 

— 

1-68 

C2 

80-52 

<  l 

— 



,                   59-8 

S3-  12 

<  i 





,                   68-7 

79-50 

2 





»                   78-1 

73  32 

0* 

0172-9 

6173 

|| 

943 

72-7 

51- 

72-3 



M      1      „                   96 

70-39 

5 

70-3 

.  . 

„      !      ..      !           202-0 

0.1-30 

3 

— 



154 

01  OS 

2 



. 

it                   24  9 

59-00 

1 



30-4 

55-  1  6 

5 

55  2 

1-07 

41-3 

45-04 

0 

45-6 

0143 

',',      !             67  3 

43-16 

1 

_... 

—                 »» 

„      :             73-9 

39  -1 

U 

40-9 

it 

85 

3.V03 

1 

— 

ii 

93-8 

31-12 

^  i 



29-02 

3 



n 

||                  311-4 

27-57 

4 

— 



15-3 

25-96 

1 



19-6 

23-8 

<  If 

.  



25 

21-93 

2 

— 

— 

|| 

303 

19-74 

3 

-_ 

i      " 

30-2 

1505 

2f 

14-1 

—           !  1-60 

48-7 

1  3-55 

3 



1 

52-7 

05-87 

0 

(MM 

_- 

" 

7  3  -3 

OJ-71 

3 

— 



|| 

70-4 

01-33 

3 



8.1-5 

0099  03 

0 

00988               6099           '      !! 

" 

91'6 

90  09 

1 

— 

. 

" 

99-6 

93-44 

1 

—                      

400-7 

90-97 

4                   —                                   i      " 

" 

13-3 

85-90 

1 

|                    ; 

4-5 

20-9 

81-50 

o 

.  

38*8 

75-20 

V  1 

—           i           —           1  1  65    i      !! 

55-9 

0748 
64-93 
59-02 

3 

7 

59-r, 

6or><> 

it      i      n 

ii            t> 

77-8 
83-7 

98-2 

52-90 
43-48 
40-H) 

6 

8 

52-7 
43  0|| 

0015           1      " 

1  101 

" 

510-3 
42-2 
GO  5 

35-4!) 

<  \ 

.  

32-39 

9 

31-5U 

003S                  || 

ii 

72-7 

G043-6S,  G032-69,  Eder  and  Valcnta, 


H2 
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AfcGON 


Wave-length 

Intensity 
and 
Character 

Previous  Measurement 

Reduction 
to  Vacuum 

Osttillation 
Frequency 

Runge  and 
Paschen 

Kayser 

Crookes 

A-f 

-1 

A 

6025-40 

4 

6025-8        i           — 

1-64         4  5 

16591-9 

17-66 

1 





i 

613-3 

15-40 

<  i 

.  

. 

fl 

»» 

195 

13-94 

4 

136 



j  j 

» 

23-5 

11-59 

1 



30-0 

05-95 

3 





M 

; 

457 

5999-29 

4 

5999-5 



1-63 

, 

64-2 

94-99 

2 





n 

76-1 

87-61 

5 

87-5 



M 

917 

82-22 

2 





»»                             J 

710-7 

71-91 

4 



. 

>»                             » 

406 

68-58 

3 

. 



»              I                . 

49-9 

64-70 

3                    — 



1-62 

(50-8      ! 

60-78 

<  i 





tt 

4  6 

71-8      ! 

49-47 

3 

— 

_ 

V, 

,, 

803-7 

42-92 

5 

435 

_— 

22  1 

41-08 

3 



.  . 

n 

27-3 

29-06 

6 

28-5|| 

5926              1-61 

,, 

(51-5 

27-34 

3 

—           i      »» 

JT 

66-4 

30-33 

<  1 

— 

—           1      " 

»» 

86-3 

20-04 

<  1 

— 

— 

,, 

11 

87-1 

16-84 

3 



— 

M 

96-3 

32-31 

7 

1222|| 

5909 

M 

^  j 

909-3 

04-09 

<  1 

— 

32-8 

00-70 

<  i 

— 

•  —                 •» 

„ 

42-5 

5897-75 

<  1 



—                  ,,      1      ,,                    5TO 

88-79 

(i         '       5888  93  || 

58S7              1-00          „                   76-8 

82-88 

4 

82  78  || 

93-9 

80-41 

<  I 



—       !    „    :    ,,        17001-0 

70-52 

1 

— 

—       i    »»    \    » 

29-7 

64-29 

<  1 

— 

— 

tl 

,f 

47-8 

60-54 

4 

60-61  || 

5858 

» 

„      |             58-7 

||  5928-61,  5912  48,  5889-02,  5883-03,  5860-69,  Eder  and  Valcnta. 

VANADIUM. 

Hasselberg : '  Kongl.  Svenska  Vetenskaps-Akadem.  Handl.,'  Bd.  xxxii.,  No.  2.    1899. 
Rowland  and  Harrison  :  •  Astrophys.  Jour.'     April  1898. 

Exner  and  Haschek:  «8itzher.  kais.  Akad.  Wissensch.  Wien/  Bd.  cvii.  (2).     1898. 
Lockyer  and  Baxandall :  *  Proc.  Roy.  Soc  ,'  vol.  Ixviii.  p.  189.     1901. 

f  Coincident  with  Fraunhofer  lines. 


Arc  Spectrum 

Reduction  to 

Intensity 

Vacuum 

Oscillation 

Hasselberg 

Rowland  and 
Harrison 

and 
Character 

A-h 

1 

Frequency 
in  Vacuc 

A 

5850-60 



2 

1-59 

4-0 

17087  7 

46-56 

— 

4n 

M 

M 

099-5 

39-34 

— 

2 

tf 

47 

120-5 

30-97 

— 

4ii 

tl 

t» 

1451 
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VANADIUM — continued. 


Arc  Spectrum 

Reduction  to 

Intensity 

Vacuum             Oscillation 

Hasselberg 

Rowland  and 
Harrison 

and 
Character 

Frequency 
1              in  Vacuo 

A 

6817-80 

3 

1-59       4-7           17183-9 

17-33 



3 

„                  185  3 

07-40 

_. 

4 

1-58         „      ;            214-7 

00-17 



3 

„      i      „                  2362 

5788-85 

3 

„      i            269-9 

86-42 

5786-413 

4 

277-2 

8464 

84646 

4 

282  5 

83-76 

83-764 

2 

285-1 

83-14 



2 

286  9 

82-85 

82'848 

2 

287  8 

76-95 

76  930 

4n 

1-57         „                  305*5 

72-66 

72-657 

4s 

318-3 

61-70 

61-H74 

3 

•.            „                  35T3 

62-99 

52-985 

3 

377-6 

60-90 

— 

3 

383-9 

49-13 

— 

4s 

389-2 

47-98 

— 

2s 

392-7 

43-67 

43-675 

5 

405-8 

37-28 

37-310 

G 

1-56         „                  425-1 

34-26 

34-254 

4 

434-3 

33-63 

2 

435  3 

33-34 

33-330 

3 

437-1 

31-48 

__ 

7 

442-8 

27-90 

27-900 

5 

4537 

!                  27-25 

27-289-f 

8 

.,      !      „                 4556 

25-90 

25-881 

4s 

4598 

1649 

16-461 

3 

„           48                488-5 

09-25 

09-198 

3 

<      „      !      „      i            510-7 

07-26 

07'236f 

7 

„      !            516-8 

03-83 

{                  03-8251 

7 

1-55  j      „                  527-3 

5698-74 

5698-765 

8 

,.      i      „                  542-9 

88-02 

•                  87  99  S 

„      !      „                  5760 

83-47 

1                  83-451 

3 

590-1 

71-10 

71  091 

7 

„      !      „      i            628-6 

68-61 

•   6H-608 

5 

„      !      ,,                  636-2 

67-67 

!                  67-689 

5 

i      „      '      „                  6703 

6711 

67-119 

2 

1-51         „                  672-1 

4636 

46-352 

5 

1      „      i      „      :            7<;57 

35-76 

j                  35  742 

!         3 

739-1 

— 

!                  34145 

2 

..      !      „                  744-1 

32-73 

1                  32-702 

<> 

748-6 

27-86 

I                  27'88Gf 

1         7 

.    1-53         „      i            763-9 

26-27 

i                 26267 

'         5 

!      „            „      1            769-0 

25-16 

1                  25121 

4 

!      „            „                  772'5 

24-80 

24-863 

5 

!      „           M                 773'5 

— 

24-146 

9 

:      »      !      ..      '           774-7 

22-34 

22-319 

3 

•      „      !      „                 781-4 

05-20 

05-187 

5 

i      „           4-9                835-7 

0491 

04875 

2 

836-7 

01-44 

04-443 

5 

838-1 

01-63 

01-627 

1         2 

:     „         „              847-0 

— 

5698-047 

2 

j      „            „                   858-5 

— 

94-731 

2 

i      „            „                  869-1 

5593-22 

93-208 

3 

873-9 

92-67 

92-670 

1         6 

i      „           „                 8766 

102 


REPORT — 1901. 


VANADIUM— continued. 


Arc  Spectrum 

Intensity 

Reduction  to 
Vacuum 

Hasselberg 

Rowland  and 
Harrison 

and 
Character 

A-f 

1_ 
A 

6588  71 

5588-713 

3 

1-52 

4-9 

8626 

86-232 

4 

it 

it 

85-00 
84-75 

84-979f 
84-745 

3?  V 
5 

ii 
i» 

— 

84-602 

4 

» 

— 

76-752 

4 

n 

i> 

— 

67-702 

4 

»> 

u 

— 

66M56 

4 

i> 

i> 

61-92 

61-897 

4 

M 

59-00 

68-995 

4 

ii 

»» 

57-71 

— 

2 

48-41 

48-401 

2 

1-51 

If 

47-31 

47-306 

5 

»i 

it 

46-18 

46-165 

4 

II 

— 

45-101 

4 

it 

n 

— 

42-954 

4 

11 

—  • 

35-659 

4 

n 

tt 

— 

35-082 

4 

M 

1) 

— 

34-056 

4 

M 

tt 

— 

17-437 

4 

if 

— 

15-301 

4 

it 

11-41 

11-413 

3 

1  50 

— 

08  865 

4 

it 

n 

07-97 

07-744 

5 

ii 

— 

06-097 

4 

i» 

u 

05-13 

05-097 

3 

t» 

6490-22 

6490-181 

3 

it 

60 

88-18 

88-312 

4 

it 

87-48 

87-455 

3 

M 

u 

71-56 

71-563 

2 

149 

68-05 

68-032 

2 

»i 

it 

64-30 

— 

2 

ii 

ti 

68-39 



4 

— 

55-031:): 

4 

ii 

ii 

43-50 

43-466 

2 

ft 

37-93 

37-885 

3 

148        „ 

34-43 

34-410 

4 

it 

ii 

- 

24-281J 

2 

it 

21-96 

— 

2 

ii 

M 

20-32 

— 

2 

n 

f| 

18-33 

18318 

5 

u 

n 

15-51 

15-479J 

5 

II 

ii 

02-17 

02-148 

5 

*» 

6398-13 

— 

3 

147 

6-1 

88-56 

5388  534f 

3 

»i 

i> 

85-39 

— 

4 

u 

ii 

83-68 

83-651 

4 

,, 

ii 

— 

53-619 

4 

1-46 

— 

38-812 

2 

»i 

ii 

30-65 

30-610 

2 

ii 

ii 

29  05 

— 

o 

ii 

ii 

02-40 

— 

2 

1-45 

5-2 

5287-88 

— 

2 

1-44 

*» 

Oscillation 
Frequency 
in  Vacuo 


17888-3 
896-2 
900-2 
901-0 
901-5 
926-7 
955-8 
960  8 
974-5 
1)83-9 
988-1 

18018-3 
021-9 
025  6 
029  0 
036  0 
059-8 
0(51-7 

or,r>-o 

119-4 
126-5 

i:wa 

147-6 
151  0 
156  8 
1600 
209  3 
2157 
218-3 
271-3 
283-1 
295-6 
315-4 
326  7 
365- 15 
381-1 
3!Hi  2 
430  6 
438-5 
414-1 
450-9 
460-5 
606-1 
519-8 
552-8 
563-7 
569  (> 
673-8 
725-7 
754-4 
7600 
854-2 
906-0 


5455-02  Ruthenium. 


5424-274,  6415-43  iron. 
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VANADIUM— continued. 


Arc  Spectrum 

Intensity 
and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

x+ 

i 

A.  "" 

5282-75 

—                         2 

1-44 

5-2 

18924-3 

72-92 

2 

959-7 

71-28                          6271-119          '         2 

tt 

965-8 

66-33                              —                i         2 

983-4 

61-20             !                 61-149                  2 

19002-0 

60-56 

60-527                   2 

n 

tt 

004-3 

— 

58-308                   2 

M 

, 

012-3 

41-06 

41-055 

4s 

1-43 

t 

074-9 

40-40 

40-304 

2 

if 

t 

077-4 

34-31 

34-249 

4s 

it 

099-6 

33-91 

33-895 

2 

tt 

1       ,                 101-0 

25  97 

25  920                   3 

tt 

'      ,,                 131-7 

10-80 

10-772                   3 

i      „      !            163-7 

13-87 

13-837 

o                  i 

174-5 

12-17                               12-399                   2               1-42 

179-7 

07-89                              07-8  14 

2                                  M 

5-3               190*4 

00-82 

00-790                   *                „ 

200-3 

—                                   00-520                   4 

223-5 

:             5197-215                   4 

235-8 

5195-58              i                 95-504  !•        '         4 

241-9 

95-01                               D5021                   4 

243-9 

93  82 

93-795          i         4 

,      ,            248-3 

93-18 

93  1841  ?  V 

1        t» 

,      '           250-7 

92-22 

92-193 

2 

^ 

254-3 

83-07 

83-033 

2 

Jf 

288-4 

81-01 

80-920 

2 

M 

296-1 

79-35                                79-275 

2 

|f 

,                  302-2 

78-75              ;                 78-733 

2 

, 

,      '            304-4 

77  03                               70  950 

t» 

310-9 

—                                   70-OS3                   2 

312-1 

74-714                   2           '    1-41 

319-4 

72-35                               72-284                   2 

328-4 

70-15                               70-111                   2 

330-6 

09-120                   2 

340-3 

07-01                               00-901                   2 

348-3 

05-14                               05-072                   2 

355-3 

59-50                                59-520                    1                 „ 

370-3 

59-438          .         2 

370-6 

57-27                               -                            2 

384-8 

48  1)5                                48-893 

4 

n 

416-3 

39-74                              39-704 

4 

451-0 

38-58                                38-597 

4 

<t 

455-3 

—                  '                 37-772 

2 

i'io 

tt 

458-4 

28-71              j                 28-705 

5 

492-8 

05-37                              05-324 

3           j 

5-4               581-9 

r>061-32                          5064-296 

3               1-39 

740-6 

00-91              :                 60-831 

2               1-38 

lf 

754-0 

—                                 51-781 

L           j      „ 

789-6 

— 

47-484 

2 

M 

806-5 

14-83 

14-811                                  1-37 

5-5               935-4 

02-54 

02-505                  4          |      „ 

984-4 

4943-04 

—                 !         »              1-35 

6-6 

20224-9 

33-82 

4933-786 

2 

t, 

262-8 
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VANADIUM — continued. 


Arc  Spectrum 

Intensity 
and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

A-f 

1 
A"" 

*4932-24 

4932-2121 

4 

1-35 

5-6 

20269-2 

*    25-83 

25-837 

5 

II 

it 

295-9 

*     22-60 

22-543 

3 

»» 

i 

309-0 

— 

19-171                  2 

,, 

i 

323-0 

*       6-4S 

16-436 

3 

1-34 

t 

334-2 

— 

13-277 

2 

M 

t 

347-4 

08-92 

08-882 

o 

„ 

t 

3656 



07-046 

2 

>? 

i 

373-2 

*     06-06 

— 

2 

M 

376-4 

*    05-10 

05-050 

3 

f> 

381-3 

*    01-59 

04-575t 

6 

„ 

383-5 

*     00-84 

00-820 

5 

»> 

t 

399-1 

*4894-43 

4894-396 

4 

i» 

t 

425-9 

*     91-81 

91-767 

4 

,, 

436-8 

*     91-43 

91-414 

3 

» 

438-4 

*     9032 

90-265 

3 

»» 

,      ,            443-1 

*     87-02              ;                86990 

4 

M 

456-8 

*     8.V36              i                85-827 

4 

» 

401-7 

—                                 *82-359 

A 

n 

47(5-3 

*     8175                              81-745F                5 

it 

478-9 

*     80-77                              80-746          '         5 

»» 

483-0 

*     75-66                               75-674f 

8 

1-33 

5014 

73-170 

2 

„ 

614-9 

*     71-46                              71-453 

4 

»> 

,                  522-1 

—                                   70-334 

2 

lt 

526-9 

*     64-93                               64-943 

8 

M 

549-7 

*     62-83                               62-801f 

4 

t> 

558-6 

*     69-34f                             — 

4 

M 

T-7                573-2 

•58-809 

4 

M 

f 

575-5 

—                                *57-241 

2 

582-1 

—                                   54-114 

2 

>? 

6953 

—                                   52-155 

2 

603-7 

*     51-65                              51-686f 

8 

M 

605-8 

—                                   49-458 

2 

,. 

615-2 

—                                   49-262 

2 

Jt 

616-0 

*     48-98                              49-004 

3 

^ 

617-1 

—                                 *46-799 

2 

fj 

626-5 

*     43-16                               43-195 

3 

>f 

641-9 

—                                   35-040                  2 

1-32 

676-6 

—                                   34-264 

2 

M 

679-9 

—                                 *34-005 

2 

»i 

681-1 

33-17 

33-213 

4 

t> 

684-5 

32-59 

32-617f 

6 

)« 

687-1 

31-80 

31-836f 

7 

690-4 

30-86 

30  879 

3 

lf 

694-5 

— 

29-427 

2 

.> 

t 

700-7 

29*00 

29-008 

3 

, 

702-5 

27-62 

27-638f 

7 

}> 

708-4 

— 

23-031 

2 

„ 

f 

728-1 

*  Observed  also  by  Lockyer  and  Baxandall,  whose  numbers  are  :  4932-23,  25  87, 
22-60,  16-46,  08-90,  06'05,  05'05,  04*60,  00*82,  4894-42,  94'74,  91-40,  90-30,87-03,  85-89, 
82-36,  81-76,  4880'82,  75-71,  71'50,  64-92,  62-83,  69-38,  68'80,  57'20»  51-69.  4905,  46-80, 
43-20,  34-00,  33-SH,  32-61,  31'85f  30  90,  29'00,  27'63. 
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VANADIUM— continued. 


!                         Arc  Spectrum 

Reduction  to 

Intensity 

Vacuum 

Oscillation 

Hasselberg 

Rowland  and 
Harrison 

and        j 
Character      ^  + 

1_ 

Frequency 
in  Vacuo 

A 

*48  19-22 

4819-225 

3               1-32 

6-7 

20744-5 

— 

*08-842 

2 

M 

789-3 

*    0770 

07'736f 

7           : 

„ 

794-2 

;                 —  . 

*03*<?40 

2               1-31 

8136 

— 

02-373 

2 

817-3 

*4799-94 

4799-972f 

4 

827-8 

|           *     99  20 

99-210 

2 

831-0 

!           *     98-12 

98-151 

3 

„      1            835-7 

1           *     97-07 

97-119f 

6 

840-2 

!           *     95-27 

95-293 

4 

848-1 

i                  — 

94-730 

2 

„      I            850  5 

;        *    93-10 

93-135 

4 

„      !            857-6 

i 

1 

89-103 

2 

875-0 

i           *     86-70 

86-706f 

6 

„      1            885-5 

S           *     84-65 

84-663 

4 

„      ,            894-4 

1                  — 

81-514 

2 

58 

908-2 

i           *     76-70t 

76-644 

4 

f 

929-3 

*     70-54f 



<>                ,            „ 

929-8 

1           *     73-25 

73-203 

3 

944-2 

*     72-74 

72-781 

o            '              > 
**                 11            »» 

946-4 

.__ 

69-208 

2 

9620 

*     66-80 

66-838f 

$               1-30  !      ,,                  971-6 

*     65  84 

0:V859 

3 

„      ;            976-8 

*01-224 

2                 ,             »,      i            9840 

| 

"5SJ-210 

2                 ,             „      I        21006-1 

;            *     57-08 

57-686 

5           i      ,       '      „      '            012-8 

'           *     57  55 

— 

^           i      ,             „      i            013-4 

•            *     51-13 

— 

5           i                   „                  028-5 

-  - 

*52-036 

2 

037-8 

'           *     51-75 

51-759 

4 

.      '      ,.                  039-1 

1            *     5145 

!                  51-463 

2                  ,            .,      '            0404 

*     51-10 

51-211 

4 

,            „                  041-6 

*     4870 

,                 48-723 

4 

„            „      i            052  5 

*     47-30 

47-313 

1         3 

„                  058-8 

,            *     40-81 

46-827 

4 

„      i      „      !            060-9 

!           *     42-79 

42-819 

4                 ,.            ..      ,            078-8 

*     39-79 

39-849 

2 

i 

.,      |            092-1 

*  Lockyer  and  Baxandall,  4819-23,  08-84,  07-73,  03-24,  4799-98.  99-20,  98-19,  97'08, 
95-35,  93-15,  86-71,  84-72,  76'63,  73  29,  72-76,  66-82,  65  91,  64  22,  59-20,  58  95,  57*62, 
64-13,  52-05,  51-79,  51-45,  5M8,  48-70,  47'30,  46-87,  42'86,  39'80. 
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VANADIUM— continued. 

"  Signifies  that  the  line  is  double;  bT  that  the  lino  is  sharply  defined  on  the 
violet  side  and  nebulous  towards  the  red  ;  and  br  means  that  it  is  sharp  on  the  less 
refracted  side  and  nebulous  towards  the  violet. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and       Reduction  to 
Character               Vacuum 

Oscillation 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc         Spark       A-f             _ 

in  Vacuo 

*  4738-51 

4738-505 

3                             1-30        5-8 

21097-9 

*      37-91 

37-921 

2 

100-5 

*      32-12 

32-108 

3                                „            n 

126-4 

*      31-74 

31-745 

128-1 

*      31-42 

31-443 

3                               !,'            " 

129-5 

*      30-57 

30-574 

4                ;    „ 

133-3 

*      29-73 

29-724 

4                             1  29 

137-1 

*      28-85 

28-840 

2 

1410 

*  24-075 

2 

162-3 

*      23-65 

23-626 

2                         .      „      :      ,       j         164-3 

*      23-06 

23-055 

5                         if,1,                 166-9 

*      21-70 

21-704 

5                               „            ,                 1730 

*      21-42 

21-444 

3                               „      ;      ,                174-2 

*      17-85 

17-874 

5           ,                    „            ,                190-3 

*      16-36 

16-377 

3                               „            ,                 197-0 

*      16-08 

16-079 

4                         '      „      '      ,                 198-3 

*      15-61 

15-650 

3                               „      '      ,                2003 

*  15-488  Ti 

2                         .      ,,            ,                200-9 

*      14-28f 

5                               „      ,      ,                206-4 

*      1361 

13-639 

3               !                  ,        M 

209  3 

*      10-74 

10746 

5           !                    M 

222-3 

09-130 

2 

229-5 

08-397 

2                               !i            "               232-8 

*      07-62J 

07-629 

4            i                    „           5  9    !          236  3 

*      06-75J 

06-761 

5           !                    „            „               240-2 

*      06-34 

06-357 

5                               MM               212-0 

*      05-26 

06-278 

4                                            MM!             246-8 

*  02-689 

2                         ;      „            „               2585 

4699-52f 

4699-505 

4                               ,,„               2729 

90-45 

90-438 

2                              1  2S         „                314-0 

88-24 

2                               „            „               324-1 

87-10 

87-100 

5                               .,            „               329  3 

84-64 

84-634 

4                                ,,            „                340-5 

f82-09  ?  Vi 

2                                MM                352-1 

8107J- 

81-073 

I     3                               „            „               356-7 

79-95 

79-961 

3                               „            „               361-8 

79-65 

2                         !      „            „      j         363-2 

73-83 

73-836 

2                               „             ,               3898 

72-48f?V 

2                               „             ,               396-0 

70  66 

70-666 

4670-65 

8                8             „ 

404-3 

69-50  f- 

69-487 

2                 — 

409-7 

66-33f 

66-32 

4.                  o 

*                  *•»               »»               > 

424-2 

63-314    \'         r«n? 
*  62-605    j 

«                2 

439-2 

62-02 

2                                      i 

444-0 

*      61-01 

2                         i      "            " 

448-7 

*      57-17t 

57-138 

57-15             2           |     2n 

466-5 

*  Lockyer  and  Baxandall,  4738-60,  37*90,  32-17,  31-80,  31-10,  30-58,  29*77, 
28-85,  24-07,  23-65,  23-06,  21  71,  21-40,  17'89,  16-39,  16  11,  15-62,  15-50,  14-29,  13-65, 
10-75,  07-64,  06-76,  06-38,  05-23,  02'70,  4690*45,  88'24,  87*11,  84'57,  81-12,  80*03,  79-68, 
73-83,  72-48,  70'66,  69'50,  66-34,  62'60,  62'00,  61'005  57'17,  also  lines  at  4709'93  and 
1682-93. 
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Arc  Spectrum                  s$*m 

Intensity  and       Reduct 
Character               Vacu 

ion  to 
um        Oscilltition 

Ilasselberg 

Rowland  and;     Exner   and 
Harrison            Haschek 

Arc         Spark      A  + 

1           inVacuo 

4656-65 

i     2n        1-28 

5-0         21408-8 

*  4G55  47 

4655-410       !         55-43 

22,, 

474-3 

*      51-84 

3                        i    127 

477-1 

*      53-15 

53100                53-15        ! 

2               2n     ;      „ 

„      '         485-0 

*      40  08  f 

49-008       i         4905 

3           :     2       ,      „ 

503-8 

*      48-08 

48-040 

2           ' 

,      i         508-4 

*       40-59 

40-571                40-58 

5     ;  G      ;; 

515-7    i 

*      46-17 

40-150 

2 

517-2 

*      41-04 

41-024                41-67 

42 

524-3 

*  4  1-239                41-25 

2 

520  1 

*      40-92 

40-910                4091 

4               * 

541-6 

*      40  25 

40232                4023 

4                4 

,      :         544-7    ! 

*      86  34 

30313       !         2033 

3           2         ,    ; 

562-8 

*      35  35 

35-346               35-34 

5                4 

,      .        507-5 

344 

2 

GO    ,         572 

*      30-24 

30-230 

2                        '       i 

„      ;         591-2    ; 

*      26-67f 

20-000       i         20  07 

4                4       '       , 

„      ;         G07  0 

*      21-02 

21-581                2460 

4                4       ,       , 

617-5    , 

*      21*13 

21-420 

2 

632-3    ; 

19-97] 
*      1  9  85  | 

i 
19890       '         19-93 

5               10              i 

•i                         >       ,      , 

639-3    i 
„      :         039-7    1 

*io-o 

2n          „      i 

644 

18-7 

2n     ,      „ 

645 

*     is-oo 

18-03 

2               2       i      „ 

„      i         64  8  3 

|         17-  IS 

2           1  20 

„               650-8 

*      17-03 

1         17-02 

2                2 

053-0 

*      1G-1S 

10190                10-20 

2         2    !   '.I 

„      i         6515-9 

*     nosi-jv 

14091       I 

o                            „ 

„      '         606-8 

13070 

^ 

„      '         607-3 

*      11-92 

1  1  -94 

4                2             ,! 

670-9    • 

*      11-10 

11-10:i                 11-13 

3                2             „ 

680-7    i 

*      0984 

09821                 0982 

•*          *    ;    •» 

086-8 

08-035       i 

fi 

.,      ;         692-4 

*      07-10 

07-390                07-17 

3                2             „ 

098-2    1 

*      06  33 

00-321                0034 

5                0 

701-2    t 

05-53 

:                      «j 

707-0 

*      00-31 

!         00-40 

3              10bT 

„      .         731-4 

*  1591'27f 

4591-210       '      1591-31 

9              12 

700-2 

*      91-39 

91-400                91-11 

5                 8 

773-3 

90  63 

o 

777-5 

80-05 

!     *>       > 

7H5-0 

*      88-91 

88-88 

2           '     2 

i     „              785-7 

*      80-5i| 

86-554               80-55 

o        '12         \ 

„      :         790-0 

*      80-15 

80-10 

3               2 

„      ;         798-0 

*      83-90 

83-967                83-41 

4,4 

,      „              809-2 

*  81-400                81-36 

i     2 

821-5 

*      80  57f 

80  562               80-60 

8           '  lOb*   !    1-25 

;       ,              825-3 

*      79-38 

70-373                70-12 

!     5                 4       ,      „ 

i       ,               831-1 

*      78  92 

78-008                78-00 

6                6             ,, 

833-3 

*      77'30f 

77-318                77-31 

8              10 

840-7 

*      71-90 

71-050               72-00 

i     G             101V 

866-4 

*  Lockycr  ami  ttaxnndall,  4655-50,  54-80,  53-13,  19-07,  48-08,  46-52,  46-20,  44-66. 
44-24,40-92,  40-27,36-30,  35-38,30-25,  20-06,  24'Cl,  21-42,  19-02,  10-00,18-00,  17-00, 
16-20,  14-10,  11-05,  11-11,  00'84,  07'42,  06-33,  00-41,  4594*27,  91-41,  88'97,  86'51,  86*20, 
83-96,  81-40,  80-57, 79'38,  78*89,  77'33,  71'97. 
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Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 

Frequency 

Hassclberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

X  + 

^ 

m  Vacuo 

*  4570-60 

4570-57 

4 

4 

1-25 

6-0 

21873-0 

69-4 

2 

M 

879 

67-40 

2 

,t 

)t 

888-3 

*      64-76 

4564-756 

64-80 

2 

12 

n 

|f 

900-9 

6:>.)5 

2 

6-1 

904-7 

63-55 

2 

M 

906-7 

*      60-90 

60-893 

6090 

6 

12 

t» 

919-4 

5860 

2n 

it 

it 

930-5 

5695 

2n 

tt 

938-6 

55-53 

2 

945-2 

*      53-25 

6322 

5                8b* 

tt 

M 

956-3 

52-735 

5267 

o 

u 

ii 

958-9 

*      52-05 

52-016 

51-99 

4                2 

it 

962-1 

*      49-81t 

49-824 

49-85 

6              12 

it 

ti 

972-8 

4797 

2 

it 

981-8 

*      45-57 

45-566 

4560 

7 

14 

993-3 

*      41-57 

41-5 

2                2b 

1-24 

"      i     22012-9 

*      40-18 

40-179 

4018 

4               4 

019-5 

*      37-84t 

37834 

37-80 

4               4 

„      i         030-9 

3G  1 

6                2b 

tt 

039-3 

35  73 

2 

f) 

041-1 

35-4 

!     2n 

it 

n 

042-7 

3494 

2 

ti 

044-9 

*  34-107 

34-11 

6 

4 

"               049-0 

30-97 

30-972 

30  95 

4 

2 

,       ,         064-3 

29-76 

29-73 

5 

4 

070  2 

29-47 

29-476 

29-45 

4 

2 

071  6  ; 

28-66 

2869 

4 

8 

M 

it 

075-4 

28-16 

28-168 

2812 

5 

4 

ti 

0780 

25-31  f 

25-337 

25-31 

4s  also 

4 

091-7 

Fe 

*      24-38 

24-378 

24-41 

6 

6 

•»           ?» 

096  3 

23-97 

2n 

ft                          M 

098-4 

22-32 

2 

»»                         »» 

1065 

20-70 

2 

tf 

114  4 

*      20-67               20-685 

20-63             3n 

2 

M           »              H*7 

*      20-31               20-331 

20-32             4n 

2" 

„      !         1162 

*      17-77t             17-738 

17-70             4 

4 

128  9 

16-85 

2n 

133-2 

!                                   1621 

2n 

„      !      ,,               136-3 

*      15-74       1        15-729                15-71        1     3           j     2 

„      !      „               138-7 

*      14-36t 

14-357                14-37 

5  also 

4 

„      j      „               H5-4 

Fe,Co 

i 

13-79               13-792 

13-78        1     4 

2 

tt 

„               1482 

12-92 

6n 

»» 

„      i         1525 

*      11-64 

11-605 

1  1  60             4 

2 

»» 

»i 

158-9 

*     09-49t 

09-463 

09-46             4 

2 

*»            »i 

169-5 

i         0844 

2n 

M                       1« 

174-5 

*     08-11 

08-05 

2               2 

)l                        »» 

1764 

*     06-77t 

06-744               06  75 

*               *            ,,      i      „ 

182-9 

*  Lockyer  and  Baxandall,  467062,  64-79,  60'89,  53-25,  5203,  49-79,45-56,41-60, 
40-18,  37-83,  34-08,  30'9S,  29'78,  29-50,  36-64,  28-19,  4525'33,  2439,  20-71,  20-36. 
17-76,  16-73,  14-36,  13'83,  11-63,  09'46,  08-10,  06'73,  06-40,  also  lines  at  4003-15, 
4555-59. 
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VANADIUM— continued. 


Arc  Spectrum 

i 
Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum         Oscillation 

TT        ,,  ,    ,      Rowland  and 
Hasselbera        Harrison 

Exner  and 

Haschek 

i 

Arc       '  Spark 

j     i           in  Vacuo 

1  "A""                    ! 

*  4506-41 

4506-40 

3                2           124        6-0         22184*6 

*      06-30 

06-27 

4 

2       ;      „      1      „      1         185*0 

*      02-12 

4502-121 

02-19 

6 

6b»       1-23        „               205-6 

*()l-44 

2 

i»              209-0 

*    01-01 

01-001 

01-00 

4n 

2 

„           „               211-2 

4499-97 

2 

216-3 

98-28 

2 

224-6 

97-88 

2 

226-6 

*  4497-57 

4497-574 

97-57 

4 

4 

6  2             228-0 

*      97-03t 

97  03 

4 

4 

230-7 

*      96-26 

96-233 

96-30 

6 

6b" 

„      :      ,,               234-6 

*      95-16 

95-18 

3 

2n     i      „      j      „      I         239-8 

9247        ; 

2             „            „      '         253-3 

*      91-66 

91-648       i 

91-66             2 

2             „            „               2573 

*      91-35 

91-343                91-35             3s              2             ,.            „      ;         258'8 

*      90-95t 

90-981                9099        ,     5s              4 

„      j      „      i         260-7 

i         90-3 

2n 

264-0 

*      89-Ofit 

89-096                89-11             7              16br 

„      t      „               270-0 

88-46         !                  ,     2 

.,      '      11               273-1 

*        6-44 

86-43        i     2                2 

283-2 

85-9          ,                      2n 

285-9 

83-76             5s              2n 

„      j         296-5 

*      80-20 

80206                80-26        i                      4b* 

„      i         313-9 

*  77-46                              2 

327-9 

76-06        i     4 

2 

334-9 

76-06 

75-80        i                      2 

335-9 

*      74-89 

74-899                74-93             7           '   10 

340-7 

*      74-21 

74-207                74-28             6              10 

.,            „               344-1 

*73'i3                         ,     2 

„      !         348-0 

72-53                          i     2 

352-5 

*71-94        ,                      2 

,,            ,,               355-5 

*71-60 

2 

,.      i      ,»               357-7 

70-8«>7    |          71°°     1       2 
<u"~<     i           70-60      | 

2 
2n 

„      1      „               360-2 
362-2 

*      69-88 

69-871 

69-92     '   •     7 

12b*          „            „               365-8 

*      68-94 

68-931 

68  94             4 

4       ,    1-22         „               370-6 

*      68-19 

68-174 

68-20 

5 

6b*         „            „               374-2 

*  67-78 

2 

„      1      „               376-3 

*      67-Ot 

67-05 

4 

2 

379-9 

*  65  675 

65  67 

6 

» 

386-8 

*  64-95 

4 

390-5 

*64-49 

6bT 

392-8 

63-30 

2 

398-7 

*      62-56 

62-533 

62-60 

7secNi    14 

402-3 

60-849 

61-20 

8 

4bT          „            „               411-1 

*      60-46t 

60-462 

60-52 

9 

12bv         „      ;      „               413-0 

*      59-i)3t 

69-918 

69-98 

8 

14 

415-6 

68-915 

2 

„               420-8 

*  58  57 

2 

2            „            „               422-5 

*      57-97t 

57-98            5 

Cbr  I      „            „               425-5 

*  Lockvcraml  Baxandall,  4506-30,  02  12,  01-45,01-00,  4497-53,  97-00,  96-24,  95-17, 
91-65  91-36  90-99,  89'08»  86-39,  80-21,77-48,  74-91,  74'22,  73'45,  71-96,  71-61,  6987, 
68-95,  68-23,  67'87,  67'09,  66-61),  01-95,  64'46,  62-52,  60'52,  69*96  68-57,  5800,  and 
al»o  4484-24,61*18. 
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Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Clkiracter 

Reduction  to 
Vacuum 

Oscillation 

Frequency 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haachok 

Arc 

Spark 

A-t- 

1 

in  Vacuo 

*  4457-651 

4457-632 

4457-65 

7 

6 

1-22        6-2 

22427-1 

*      56-68 

56-668 

56-72 

4 

4n 

»» 

432-0 

56-073 

56-07  Ca 

2 

2 

tt 

M 

435-1 

55-52 

2 

437-9 

54-939 

5  i-96  Ca 

2 

4 

440-7 

*  54-32 

2 

it            i* 

443  9 

53-53 

4 

»j            ii 

417-9 

*  53  37 

2n 

tt 

448-7 

*      52-91 

52-90 

4 

4 

451-1 

*      52-19 

52-180 

52  23 

8 

It 

454-6 

*      51-09t 

51-070 

51-11 

4 

6br 

460-2 

*     49-77 

49-741 

49-76 

5 

4 

t 

1!   :     «:6-9 

*  45  99 

*2 

4S(!0 

*     44-40  f            44-380 

41-42 

7  nNo 

10 

494-0 

Ti 

*     43-52              43-508 

43-r>0 

4 

8 

J? 

„      i         498-5 

42-53 

2 

JJ 

503-5 

*      41-831-            41-847 

41-90             7aK-o 

H 

t> 

506-7 

Ti 

40  65 

2n 

f| 

„          niH-o 

*39  16 

2 

520-6 

*     38-02f 

38-004 

3808 

7 

12bv 

!,           „              526-2 

37-50 

2 

?>           i»      '         »)-•'  / 

37-00 

2 

531-6 

*      36-31t            36-309               3634        '     7 

10 

»»                                            •>•»!)     W 

35-84 

2 

537-  J 

j      *  35-53 

2 

539  0 

i         35  0 

*>b 

541-7 

*      34-80 

34-74             4 

4 

5429 

*  33  07        i 

2 

6-3             551-5 

*      30-68 

30-72        i     4 

4 

1-21         „      ;         5635 

*      29-95 

29-99        |     6 

Kb 

,t               567'2 

*      28-68t 

28-676 

28-71        !     6 

8 

n 

„      :         573-7 

*  27-50 

8 

579-S 

*      26-171- 

26-23             6 

8 

5S6-4 

*      26-86t 

25-88             4 

4 

588-1 

25-594  Ca 

25  60             2 

2 

„      '         5*9-5 

*      24-74t 

24-743 

24-75             3 

4 

„      '         594-9 

*     24-10 

24-082 

24-11 

3 

4 

„      i         597-2 

*     23-41    \ 
23-22    J 

23375 

23-40 

3 

0 

„            „      |         600-7 
601-7 

*      22-40f 

22-43 

;j 

2 

.t            ,,      '         l><>5'8 

*      21-73t 

21  739 

21-82 

f> 

8 

609-1 

*      20-08 

20-19 

5 

4bv         ,,           ,,      i         617  t 

16-9 

4n 

J? 

„      ,         634-0 

*      16-63t 

16-626 

16-63 

6 

1     4 

>f 

635-4 

*  14-74 

2 

645-1 

*  13-87 

2 

"      i      " 

640-6 

*      12-30 

12-299 

12-38 

4s 

4bT         „            „ 

657-  1 

11-83 

2 

MO-O 

*     08-671- 

08-655 

08-68 

9 

iHrbv;     „ 

(>76-3 

*  Lockyer  ami  Baxandall,  4457-67,  66-68,  5434,  53-30,52-91,  52-19,51-13,4978, 
46-04,  44-39,  43-56,  41-90,  39'19,  38'02,  36-33,  35-60,  34-80,  33-09,  30-71,  30O2,  28*72, 
27-49,  26-22,  25-95,  24-77,  24-11,  23'40,  22-42, 21-77,  20-14, 16'71,  14-74,  12'33,  08'67, 
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Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oficillation 

Hassclberg 

Rowland  and 
Harrison 

Exner  and 
Haachek 

Arc 

Spark 

\  + 

1 
\ 

Frequency 
in  Vacuo 

*  4408-30t 

4408-308 

410840 

8 

10 

121 

6-3        22077-8 

*     07-.*  r>t 

07-801 

07-89 

9               ; 

12 

?> 

if 

680-5 

*      OG-SOt 

00-805 

00-90 

9 

12 

>» 

085-8 

*  06-277 

06-35 

8 

6 

it 

688-4 

*      05-20t 

05-19 

5s 

4 

it 

694-2 

04-45 

2 

i) 

098-0 

*      03-86 

03-831 

03-83 

3           j 

4 

»» 

i) 

701-2 

01-95 

i 

2 

»» 

jf 

710-9 

*      00-74t 

00738 

00-80 

8 

18 

it 

717-1 

*4399-60 

i 

2 

»> 

»» 

723-0 

98-70 

2n 

it 

727-7 

*  98-05 

i 

2 

ji 

n 

731-0 

4397-392 

97-55 

2          j 

2 

„ 

i> 

734-0 

*  97-00 

2n 

>» 

„      |         736-5 

*439.V40t- 

95-382 

95-49        1 

9           i 

20 

»i 

)f 

744-6 

I  *      94-98t 

91-99 

3 

4 

it 

t) 

746-9 

1  *      94-Olt            94-000 

94  03 

4 

4 

ii 

751-9 

*    93-20 

93  258 

93-30 

4 

4 

1-20 

755-8 

*      92  24  |- 

92234 

92-27 

4 

4 

>i 

701-1 

*      91  -84 

91  -SO 

3           ! 

2 

»» 

703-2 

*      90-79 

90  Ml 

2 

2 

i) 

768-6    | 

*    90-m 

90-142 

90-23 

9r         ; 

30 

„ 

771-9 

89-27 

2 

M 

it 

776-5 

*      87  40 

S7-37 

3 

4 

>» 

» 

786-3 

*      81-871- 

84-875 

84  -SS 

9 

lor 

I) 

>» 

799-4 

*      81-37 

81-35 

2 

»> 

M 

802-0 

*      8107 

2 

,f 

»> 

803-3 

i                  ;                        s2-:w 

2 

„ 

11 

809-3 

I 

*•    si-lit 

2 

"                         >1 

814-6 

'                         ,    *  81-1R7                Hl-20 

o 

2n 

818-5 

*      8009       ;        80-719                SO-72 

4 

4 

If                         «« 

821-1 

,  *      79-38t     '        79392               79-10 

9r 

lOr 

It 

827-9 

*      78-0(5                                        78-02 

i     'Jil 

o 

II 

11 

835-0 

*     769 

2b 

f} 

840-9 

*      76-2.-1       ;                                  70-19 

o 

2 

Jf 

844-5 

*      75-17t     i                        ,         75-47 

4 

4 

tj 

it 

848-4 

*     7fr21 

o 

f| 

819-7 

*      73-991- 

73-9S1                73-99 

4 

4 

856-1 

*      73-40!' 

73-383               73-42 

4 

i     6bv 

",              859-2 

70-45 

2n 

|f 

„      ;         b71'6 

*      09-25       1 

09  22 

2 

!     ** 

f| 

881-1 

*      08-761- 

68-75G 

68-73 

3 

4 

> 

v 

883-6 

*      08-25  1- 

i         US-  19 

4 

0 

0-4             886-2 

07-71 

2 

.,      !         888-7 

*      07-24 

07-07 

2 

4n 

| 

»» 

891-8 

*      05-92 

65-89 

3 

2 

f 

»» 

898-4 

*      <U-37t 

61-877 

04-30 

4 

4bv 

jf 

» 

906-4 

*      63'09 

63-090 

63-09 

4 

4 

^ 

910-0 

*      63-481- 

63-49 

2 

I     2 

II 

>» 

911-1 

*  Lockyerand  Baxandall,  4408-35,  07-83,  06-80,  06-33,  05-20,  03-87,  00-74,  4399-63, 
98-09,  96-93,95-42,  95-05,  94-03,  93-28,  92'2H,  91-88,  90-80,  9013,  87'42,  84'92,  84-42, 
84-13,  81-93,  Hl-21,  80-75,  79-44,  78-13,  77-05,  76-25,  75-51,  75-28,  74-01,  73*40,  69-24, 
,68-78,  68-23,  67*26,  65-94,  64-40,  63-75,  63-54,  also  4432-28,  31-91,  31-36,  2271,  18'88, 
17-83,  15-25,  13'90  13-60,  02-79,  01*91,  01'34,  4397-56,  96*61,  95'77, 
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Arc  Spectrum 

Spark 
Spectruni 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 

Hasselberg 

Kowland  and 
Harrison 

Exner  and     i       A 
Haschek            Arc 

Spark      x  + 

1_ 

A 

m  Vacuo 

i 

*  4361-57 

4361-55               3 

4          1-20        6-4 

22921-2 

*      61-18 

61-17               2 

2 

it 

f> 

923-2 

*      60-75 

60-76 

3 

4 

11 

»» 

925-4 

60-30 

2 

t» 

M 

927-8 

*      57-82 

67-75 

2 

2n 

,, 

It 

941-0 

*      5760 

5761 

3 

2 

„ 

9420 

*     56-97 

2 

1-19 

?) 

945-3 

*      56-10t 

4356-104 

56-16 

5              4b* 

i» 

»» 

949-8 

*      5509 

55-138 

55-18 

4              4b* 

»> 

ff 

955  0 

*     53-52 

2 

„ 

963  5 

*      53-02t 

53-040 

53-10 

7      :    12 

»»            »» 

966-0 

*     52-60 

2 

908-4 

1  *     5099 

2 

976-9    ; 

j                          '  *     50-85        •                       2             „      i      „ 

977-6 

'                                    50-15 

2 

M 

981-3 

,  *     4707                              2n 

>« 

997-6 

46-60        ,                      2n 

23000-1 

*      43-00 

4301               4 

4       i      „ 

VI 

019-1 

*      42-36 

4237               » 

v 

11 

022-5 

*      41'l5t 

41-162 

41-21 

6 

14br        ',! 

1) 

028-9 

*     39  30 

2n 

„ 

M 

038-8 

38-12 

2 

,, 

It 

045-1 

*      36-29 

36-29 

3 

4 

>» 

|f 

054-8 

*     35-64 

2 

M 

It 

058-2 

*     3o  03 

2 

ff 

061-5 

*      3423 

i         3426               3              4 

n 

065-6 

*      32  98t 

32985                33-05        !       <>              12 

11 

072-4 

*      32-56 

32-46        ;       3              2             „ 

077-7 

31-73        :                      2             „      ,      „ 

079-1 

*      3018t     '.                         !         30-28               3            I2bT         „      ,      „ 

084-4 

27-26 

2 

,, 

tt 

102-9 

25-40 

2 

t, 

H 

1128 

2480 

2 

,, 

t 

116-2 

23-68 

Q 

122-0 

*      22-51 

22  52               2 

2 

128-3 

2220 

2 

t| 

1300 

*      20-46 

20-45               2 

2                           It 

f, 

139-3 

*     20-13 

*> 

"                 |               ft 

M 

141-1 

18-803 

18-81 

2 

1-18 

|f 

148-1 

104 

2n 

tt 

161-1 

*      1602 

15  98 

2 

2 

tt 

163-2 

*     15-00 

2       !      tt 

168-6 

*      14-06 

1407 

3 

4 

tt 

173-6 

13-50        ! 

2n 

,, 

176-6 

13-06        j 

2 

n 

179-0 

*      12-56 

12  5b4 

2 

2 

tt 

tl 

181-7 

*     11-85 

2n 

tt 

It 

185-5 

*     11-62 

2 

186-7 

*      0995 

09-949               1000              6             8 

ii 

,, 

195-7 

*  Lockyer  and  Baxandall,  4361*58,  61-24,  6077,  57'86,  57'64,  5698.  56-14,  55-14 
53-54,  53-02,  52-68,  50'97,  50-86,  47-02,  43-02,  42-39,  4M9,  39-31,  36-33,  35*09,  35-06 
34-25,  3296,  30-18,22-53,  20'49,  20-15,  15-95,  16-02,  14-11,  12-58,  11-83,  11-66,  09-95, 
also  4388-32,  85-63,  S3-3S,  8V43,  77'33,  74-38,  71-98,  66-76,  47-64,  45-39,31-28,  29'90. 
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Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

x+ 

A 

*  4309-69 

4309-68 

o 

2 

1-18 

6-4 

22197-2 

*     08-60 

2 

M 

65 

202-9 

*      07-33 

07-37 

o 

6 

M 

209-6 

*      06-35 

06-39 

5 

4 

)t 

214-9 

06-07 

2 

)? 

t> 

216-5 

*     05-61 

4 

1> 

•» 

219-0 

04-98 

2 

,, 

222-4 

04-3 

2n 

lf 

t> 

226-1 

*      03-70 

4303-697 

4 

n 

n 

229-3 

02-69  Ca? 

4 

1t 

J? 

234-8 

*     02-31 

2 

fi 

^ 

236-8 

01-33 

4bT 

>} 

M 

212-1 

00-73 

2 

1t 

^ 

245-4 

00-25 

2n 

n 

1> 

247-9 

*  4299-240 

4299-13 

o 

o 

Jt 

n 

253-7 

*     98-80 

2 

»                 n 

255-8 

*  4298-17t 

98-23               5              8 

,, 

259-0 

*      97-86 

97-840 

97-87               5         •     8 

n         i         M 

260-9 

*     97-26        i                  I     2 

„      !      M               264-1 

*      96-28 

96-266 

96-31         !       5             10 

269-4 

*      91-97 

91-978 

92-01 

6         ,   10bv 

„               292-8 

*      91-46 

91-46 

4              4 

„      i      „               295-6 

91-13 

2n 

297-3 

90-45 

2n 

301-1 

S9-87Cr? 

2 

304-2 

89-51 

i      »> 

306-2 

*     88-96 

2 

1t 

„      i         309-2 

*      87-97 

87-98 

4         !     4b* 

,.      I         314-5 

*      86-67 

86-57 

4         i     4       !      „            ,;               322-2 

86-24 

I     2n           „      1      „               323-9 

85-60 

2             „      !      „      '         15274 

*      84-19 

84-208 

8  l-2f) 

6             12              „      '      ,1       '          335-0 

*      83-06 

£3*10               4               6             ,,            ,,      '         3iT2 

*      79-12 

79-10               ;>>            10           1-17 

362-9 

*      77-12f 

77-101 

77-14               6            12 

373-7 

*     76-47                               2 

377-3 

74-96Cr>                  >     2 

385-5 

*     73-54                                2              „            „      ;          393-3 

*     72-90                              2n           „      j      „               396-8 

71-71 

71-706 

71-68               6         ,     1 

MM,         403-4 

70-49 

70-5                 4         i     4bv         ,,            „               410-0 

69-92f 

69-91               4              4             „            „               413-2 

68-78f 

68-787 

68-83 

6            14             „            „               419-3 

68-00 

2       i      „      i      „               423-7 

67-50f 

67-55 

3         ;     4n           „            „      i         426-3 

65-28 

65-31 

4b 

4 

438-5 

64-65 

2n 

>t 

„ 

442-1 

64-00 

o 

M 

M 

445-7 

*      62-32 

62-311 

62-32 

4 

61  >r 

M 

tt 

454-9 

*      61-37t 

61-1 

4 

2n 

,, 

„ 

460-0 

*  Lockyer  and  Baxandall,  4309'75,  08-61,  07*32,  06-40,  05-64,  03'70,  02-32,  4299'27, 
98-79, 98-17, 97'85,  97-29,  96-30,  91-96,  91-45,  89-00,  87-93,  86-57,  84-19,  83-08,  79-12, 
77-10,  76'50,  73'5(),  72-93,  71-75,  70  51,  69'*9  68-78,  67-43  65*25,  62'30,  and  also 
43lS-'04,  0'6-76,  4278'53,  66-07,  61-32. 

1901,  t 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Beduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

\  + 

1_ 
\ 

42CO-90 

2 

1-17 

6-5 

22462-7 

*     60-47 

2n 

,, 

>» 

465-1 

*     60-31 

2n 

n 

n 

466-0 

*  4259  -46+ 

4259-454 

59-46 

4s 

4 

»» 

»» 

470-7 

*      57'53f 

57-517 

57-54 

4s 

4 

»» 

» 

481-9 

5717 

o 

,, 

»> 

483-3 

*     65-60 

55-63 

3 

2 

n 

tt 

491-8 

54-51  Cr? 

4b* 

n 

«t 

498-0 

*      53-02 

53-00 

3 

2 

,, 

,, 

506-3 

*      51-45 

51-45 

2 

2 

»» 

6-6 

514-8 

49-49 

2 

>» 

n 

525-6 

4896 

2 

i» 

»> 

528-6 

*      47-46 

47-5 

2 

2b 

» 

i> 

536-7 

*     46  83 

*> 

,, 

f, 

540-4 

43-98 

2 

1-16 

M 

556-2 

43-02 

4 

n 

5(51-5 

*      41-48 

41-45 

4 

4 

» 

M 

570-3 

*      40-53-f 

40-51 

4 

2 

? 

Jf 

575-5 

*      40-25J 

40-23 

4 

2 

,, 

,, 

577-0 

*      39-12 

3 

>» 

»» 

583-2 

36-99 

2 

M 

n 

595-1 

*     36-78 

2 

j> 

,, 

1596-2 

*      35-90f 

35909 

5 

» 

,, 

601-1 

35-47 

4 

» 

»> 

61)35 

*      34-70-f 

34-671 

34-71 

5 

4 

>t 

n 

607-9 

31-3 

2n 

t, 

}> 

610-1 

*      34-12 

34-149 

34-17 

6 

4 

»» 

» 

610-9 

*      33-09+ 

33-007 

33-12 

6 

4 

,, 

>» 

616-9 

*     32-62  f 

32-604 

32-66 

6 

G 

» 

619-4 

32-20 

6 

j 

1? 

621-8 

31-30 

2 

> 

t> 

6268 

*     29-87 

29-82 

4 

6 

> 

»t 

635-1 

*      27-90f 

27-90 

4 

4 

645-8 

26-871 

26-85  Ca? 

8 

10 

«» 

41 

651-7 

26-78 

4 

»» 

?> 

652-1 

*     25-40f 

25-369 

25-40 

2 

8n 

,, 

659-9 

24-70 

2 

*» 

,, 

6637 

*     24-30 

24-32 

4 

4 

, 

»> 

665-9 

22-77 

2 

? 

>» 

075-5 

*     22-49 

22-50 

2 

2 

t 

676-1 

*     21-17 

21-20 

2n 

2n 

6833 

20-21 

4 

.. 

6869 

*      19-65 

19-70 

3 

2 

i 

691-9 

*      18-86f 

18-87 

4s 

4 

, 

;      ,, 

696-8 

38-65 

2       I       , 

697-7 

18-20 

2       | 

700-2 

*      16-52 

1653 

2 

2       i 

709  7 

15-77Sr? 

2 

713-1) 

1M2 

2n 

723-1 

13-8 

'     2n 

721-9 

13-17 

•     2n 

,      J      „      1         728-5 

*  Lockyor  and  Baxandall,  4260-46,  60-28,  59-47,  57-50,  55-59,  53-00,  51-12,  47'43, 
46-91,  41-52,  40-54,  40-29,  39-15,  36-78,  35-92,  34'71,  3118,  33-09,  32*68,  29'1)2,  27'92, 
25-41,  24-36,  22'54,  Sl'22,  19-6*6,  18-89,  16-50. 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and      Reduction  to 
Character             Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hassclberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark      *  +         -  — 

4211-02 

4211-02 

2 

2n        1-16        6G 

23740-6 

10-55 

2 

>» 

713-3 

*      09-98-f 

4210002 

10-02 

5 

12             „            |i 

746-4 

*      05-23+ 

05-201 

05  30 

2 

10           1-15         „ 

773-4 

*      04-67 

»i            >» 

770-5 

*     01  39 

2 

•i             „      !      „ 

778-1 

*      02-52 

02-500 

02-52 

2 

8        !       „             „ 

7S8-7 

*     01-08 

* 

790-8 

*      00-35 

00  38 

4 

2              „            „      '          800-9 

00  00 

2n          „         6-7             802-8 

1  *4198-78f 

4198-80 

4s 

1             „            „               809-G 

1  *      97-77f 

97-79 

4s 

4                          „      '         815-4 

i  *      97-45-f 

97-47 

2 

2                           „               817-3 

*     95  8 

2n            „             ,,                8267 

*      94-17 

94-21 

2 

2                           „      !         8*5-7 

*      91-70 

91-80 

5 

6b*          „            „               819  4 

91-11 

4              M      !      „ 

853-3 

90  59 

4              „       '       „       i          850-3 

*      89-99 

4190-011 

90-03 

5 

0              „             „      !          859-0 

87-82 

2 

M            t»      '         872-1 

80-95 

80-93 

2 

0 

877-1 

83-591- 

83  67 

2 

10             ',',      ,      ,[                8960 

83-43                83-07 

2 

„       !          898-1 

82  7  1       i        82-733 

82-77 

5 

'A 

901  0 

82-23                                            82-20 

., 

1 

902-9 

80-991-                                         81-03 

2 

!     2n           „             ,               909-9 

79-53 

79-00 

5 

0             ,,             ,      '         919-2 

!                                   79-22 

2             „      ,       ,      I         921-2 

*     78  55 

<'»             „             ,      •         9250 

*     77-75 

2             „      '       ,               928-0 

*      77-251-                                       77-122 

4 

4             ,.             ,      !         932-5 

*      77-02 

2 

,      „      '       ,                9338 

*      70-83 

2 

i         ff         ; 

934-9 

! 

70-00 

2n          „     ;       ,' 

939-7 

*      75-30t 

75*30 

2 

2             „            „               943-7 

75-15 

0 

~>        ,       11 

914-5 

*      74-181- 

74-155 

7  I'll) 

1 

4             .»      ;      .. 

949-1 

*      71-45 

71-40 

4 

4             „            „               9G5  8 

*      69-401- 

*     0941 

3 

4             „      !      „               9(17-5 

*     69  06 

2             „            ..               979-5 

67-1 

2b         1-11         „               990-8 

60-32 

2 

995-3 

64-60 

4 

24005-2 

63-82 

2n           „            „               009-7 

6252 

o 

2             „      '      „      '         017-2 

*      02-51                                         622 

2n          „           „      ,         019-0 

*      00-57 

00-57 

o 

2       '      „            ,,               028-5 

*      59841-             59-822                5987 

5 

0             „      ,      „               032-7 

*      5811        1 

012-5 
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VANADIUM  —continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

\  + 

1 

„ 

*  4156-00 

4156-00 

3 

2" 

1-14 

6-7 

24054-9 

*      55-39 

2 

>» 

„ 

058-4 

*      5349 

53-49 

3 

2 

j» 

069-4 

*      52-81 

52-80 

4 

4 

073-4 

52-3 

2n 

» 

076-3 

51-52 

51-50 

2 

2 

I, 

079-9 

50-84 

50-83 

4 

4 

6!8 

084-8 

49-02 

49-00 

3 

4 

?» 

M 

095-3 

*     47-85 

2bv 

n 

102-1 

43-02 

43-07 

2 

2 

M 

M 

1300 

42-75f 

42-77 

3 

2 

JT 

131-7 

41-96 

42-00 

3 

2 

>» 

»> 

136-2 

*     41-51 

2n 

?, 

139-0 

40-22 

2n 

» 

M 

1465 

*      39-39 

39-40 

4 

f> 

>» 

151-3 

*     3827 

4 

u 

157-9 

*     37-14 

2br 

ir,4-5 

*      36-52 

36-53 

4 

4 

168-1 

*      36-25 

36-21 

4 

4 

] 

1J 

16SI-8 

, 

*     35-40 

2 

f 

171-7 

*      34-61f 

4134-617 

31-62 

7 

11 

1 

1> 

179-2 

*      33-92 

33-91 

4 

4 

J? 

183-3 

*      32-13t 

32-123 

32-15 

7 

1G 

J» 

11)3-8 

*      31-32 

31-297 

31-32 

0 

2 

UH-G 

*     30-3 

2b 

1-13 

)t 

201-5 

*      29-00 

28-99 

4 

G 

n 

0 

212-2 

*      28  25  }• 

28-152? 

28-25 

7 

in 

216-5 

26-07 

2 

)> 

)t 

229-3 

*      24-23 

24-196 

2426 

4 

4 

)) 

210-1 

*     23'65t 

23-70 

G 

8 

»» 

»> 

243-4 

*     23-30 

4 

»» 

ft 

245-6 

*     21-13 

21-15 

2 

2 

258-3 

*      20-69 

20-655 

20-69 

4 

G 

M 

51 

261-0 

*      19-58t 

19-575 

19-60 

4 

r> 

^ 

^ 

267-5 

*     19-25 

o 

n 

n 

2(59-5 

*      18-73 

4 

j» 

n 

272-5 

*      18-34 

18-320 

18-38 

5 

10 

» 

J? 

274-8 

16-85t 
*      16-64t 

16-631 

1      1670 

3 
6 

14 

„ 

283-6 
284-9 

*      15-32t 

15-311 

15-38 

7 

16 

tt 

n 

292-5 

*      14-69 

14-68 

3 

4 

>J 

296-4 

*      13-65 

13-637 

13-66 

5 

8 

M 

J» 

302-5 

*      12-47t 

1250 

3 

6 

M 

JJ 

309-4 

ll-92f 

11-916 

*  f  12-10 
|ll-8 

8 

f8n 
t  8n 

» 

J  J 

311-7 
312-7 

*     10-93 

2 

)) 

318-6 

*     09'94t 

09-906 

09-98 

7 

14 

» 

324-5 

*     09-19 

o 

»> 

>» 

328-9 

*  Lockyer  and  Baxandall,  4155-95,  55-34,  53-47,  52-80,  51-46,  fiO'80,  50'22,  49-01, 
47-90,  43-02,  42-80,  41-91,  41*50,  39-34,  38  17,  37-36,  37'06,  36  55,  36*27,  35-40,  34'61, 
33-86,  32*08,  31-26,  30-28,  28-94,  28-20,  24-15,  23-59,  23-30,  21-08,  20'65,  19-56,  1923, 
18-76,  18-34,  16-64,  15-33,  14-69,  13-62,  12-50,  12-00,  11-22,  10-86,  09-80,  09-20,  also 
4184-55,  80-12,  66-86,  68'58,  56'65,  54-16,  46'15,  45'62,  43'47,  32-93,  31-07,  30-44 
27'56,  27-16,  22-94,  22*45,  21'75. 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 

1   r 

Reduction  to 
Vacuum 

Oscillation 

TTrr»    n^'iipv 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

j 
Arc        Spark 

x+ 

J- 
A"" 

in  Vacuo 

*  4108-30 

4108-38 

4              0 

1-13 

0-8 

24333-8 

*      07-041- 

4107-599 

07-04 

3         !     3             „ 

3o8'l 

*      05-32t 

05  38 

0         1     8bT        „ 

351-0 

*      04-9!>t 

04-92 

4         i     G 

351-2 

*      04-55 

04  510 

04-59 

4          i     0 

'*,               356-4 

*     03-57 

i     2 

362-2 

*      02  -3  It 

02-285 

02-31 

6     10     ", 

309-9 

01-15 

4 

376-6 

*  4099-93f 

4099  921 

0000               7            10 

6?9              383-7 

*4099-03                               2 

389-1 

*      98-54t 

98-510 

98-55               4              4       !      „ 

"t 

392-1 

*      97-091- 

97-08               3         !     2 

fj 

t| 

400-7 

*      95-04f 

95-607 

95-66               0         !   12 

}1 

|} 

409-4 

*      94-42 

94-11        ,4          i     4 

416-6 

*      93-05 

93-06               4              4 

1-12 

421-1 

*      92-83t 

92-80 

0         ,     8n 

426-0 

*      92  54t 

92-532 

92-53 

4              4 

427-9 

*      92-09 

92  10               3              4 

}> 

" 

430-4 

*      90-701- 

90-703 

90-79               6            10 

?" 

438-6 

85-81                           i     4 

408-0 

*     81-90                          i     2             „ 

5j 

473-5 

*     83-07                           j     6 

>y 

)} 

484-5 

80  0 

26 

M 

487-3 

77-849  Sr 

77-SO 

!     2 

M 

jt 

515-8 

*      72  30 

72-32        i       4         ;     2 

549-2 

*      71-67t 

71-604 

71-05               5         i     4 

553-1 

*     70-92                          i     2 

557-6 

*     08-13        1                  i     4 

M 

574-4 

*      07-90 

67-87        i       3         !     4 

575-9 

07-13 

i     2 

Jf 

»i 

580-4 

*     6521 

12 

J? 

»j 

5920 

*      04-09 

64-061 

04-12 

5              0 

j} 

598-9 

*     62-80 

2 

M 

5) 

600-3 

*     01  75 

2 

0130 

*      60-97 

61-00 

2              2 

M 

617-7 

5K-D5 

2 

M 

n 

630-0 

*      57-21 

57*206 

57-22 

G             8 

n 

M 

040-5 

50-41 

4 

M 

645-4 

*     53-70 

8 

1-11 

661-6 

*     53-40 

2 

603-7 

*      52-00 

52-60 

2              2 

608-6 

*      51vl8t 

51-485 

51-52 

5            10 

i} 

675-4 

*      51-11 

51-13 

5            10 

n 

t> 

677-6 

49-20 

4 

n 

,, 

689-3 

*      48-77 

48-78 

4              4 

?j 

092-9 

47-00 

2 

M 

ff 

699-1 

*      47-05 

47-08 

2              2 

JT 

>t 

702-4 

46-50 

0 

,f 

j> 

705-8 

*      42-78 

42-759 

42-81 

4              4 

J? 

f) 

729-6 

*      41-72 

1       4 

,, 

„ 

735-0 

»  Lockycr  and  Baxandall,  4108-32,  07-60,  05-33,  04-93,  04-52,  03-54,  02-25,  4099-94, 
98-99,  98-50,  97'05,  95-60,  94-38,  93-01,  92-81,  92'55,  92-08,  90-74,  84-92,  83-07,  72'28, 
71-67,  7094,  68-16,  67'96,  65'54,  64-11,  62'92,  61'76,  61-00,67-21,53-81,  53'41,  52-60, 
51-52,  51-10,  48-77,  46'99,  42-80,  41-66. 
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VANADIUM— 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

\  + 

1_ 
A 

in  Vacuo 

*  4040-46 

4040-50 

2 

2 

1-11 

6-9 

24712-7 

*     39-76 

4 

Jf 

7-0 

746  9 

38-72 

2 

t? 

ft 

753-3 

*      36-93J 

36-95 

2 

8 

n 

» 

764-2 

*      35-77f 

35-82 

4 

16 

,, 

» 

770  3 

34  1)1 

o 

—/ 

?> 

i. 

776-7 

*      3301 

33-01 

2 

0 

j> 

fj 

7882 

*      32-62t 

32-07 

3 

2 

n 

790-6 

*      31-98 

4031-961 

32-05 

4 

(J 

n 

794-6 

*      31-37f 

31-43 

3 

4 

j> 

,} 

798-3 

30-32 

2 

M 

,, 

804-9 

*      30'04t 

30-07 

3 

2 

» 

» 

806-5 

29-2 

2n 

»» 

,, 

811-8 

28-27 

2 

,, 

M 

817-5 

27-52 

2n 

»• 

„ 

822-2 

26-65 

2 

?) 

Jf 

827-5 

*      25-46 

25-50 

2 

2 

>t 

J? 

8348 

*     24-60 

2 

M 

n 

840-2 

*      23-50t 

23-51 

23-53 

4 

20 

8169 

*    22-038 

22-05 

2 

2 

n 

85G  0 

21-61 

2 

*•*              » 

,, 

858-7 

*     20  70 

2 

,, 

864-3 

*     19  G 

2b  ;    „ 

M 

871-1 

*     19-20 

G 

M 

»> 

873  6 

17-14 

6 

M 

}| 

884-5 

*     1G-98 

6 

M 

M 

887-3 

'15-81 

2 

MO 

M 

894-6 

15-51 

2 

»» 

„      j         896-4 

*      15-20 

15-23 

o 

o 

»» 

}> 

898  2 

14-46 

2 

i> 

5» 

903-0 

*     13-68 

2n 

>» 

?  t 

907-8 

13-55 

2n 

,, 

,, 

908-6 

12-70 

2n 

»» 

}J 

1)13  9 

11-74 

2n 

»» 

n 

919-8 

*      11-45 

11-47 

o 

2 

» 

}) 

921-5 

*      0994 

09  95 

2 

2n 

»> 

}J 

931-0 

*     08  36 

6 

t 

Jf 

9409 

*      05-86f 

05-838 

05-90 

4 

16 

„ 

1f 

956-4 

*      03-70 

03  66 

3 

2 

M 

7-1 

969-9 

*      03-lOf 

03-12 

3 

10 

,, 

„ 

973-5 

01-83 

2 

»» 

M 

981-5 

01-29 

2 

»» 

TJ 

984-8 

*      00-24 

00-25 

2 

2 

>» 

n 

991-4 

3999-40 

6 

>» 

91)6-7 

*  3998-87 

3998-847 

98-90 

6 

8 

t> 

25000-0 

*      97-30f 

97-28 

3 

10 

»» 

»> 

009-8 

*      92-95  1 

92-916 

92-96 

6 

12 

»» 

}J 

037-1 

92-14 

2 

»t 

042-1 

91-65 

2 

|? 

045-2 

*     91-30 

2n 

„ 

)i 

047-4 

*  Lockyer  and  Baxandall,  4040-43,  4039-76,  36-93,  35-77,  33  00,  32'«4,  31-99,  31-36, 
30-05,  25-47,  24-63,  23'48.  22-07,  2073,  19-58,  1918,  16-86,  1526,13-69,  11-50,  09*99, 
08-33,  05-90,  03-70,  03-12,  03-24,  3998-91,  97'31,  92  95,  91-22,  and  also  4106'08,  01-65, 
10-99,  409005,  88-00,  83'44,  78-10. 
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VAN  ADIU  M— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

A  + 

1 

A~ 

frequency 
in  Vacuo 

*3990-71t 

3990-693 

3990-72 

6 

12 

1-10 

7'1 

25051-1 

*     89-93 

6 

056-0 

*     88-97 

88-96 

4 

6 

, 

it 

062-1 

*     88-22 

2 

it 

066-7 

87-82 

2 

i 

069-2 

85-40 

8 

084-5 

*     84-75f 

84-73 

4 

6 

| 

i 

087-6 

*     81-45 

6 

t 

090-5 

84-08 

2 

092-8 

*     81-92 

2 

it 

t 

106-4 

*      80-66 

80-69 

4 

6br 

114-3 

*      79-59 

79-540 

79-56 

4 

6 

"f 

t 

1213 

*      79-30 

79-23 

4 

6 

Jl 

ii 

123-0 

*     77-88 

10 

»» 

131-9 

*     75-47 

2 

1-09 

it 

147-2 

*     73-79 

73-80 

4 

16 

>j 

»» 

157-7 

*     73-49  f- 

__ 

2 

t? 

159-7 

*     72-10 

72-08 

2 

2n 

»» 

f 

168-5 

70-27 

4 

2 

?» 

180-1 

68-588  Ca 

68-60  Ca? 

2 

2 

it 

it 

1908 

*     68-24 

68-19 

4 

8 

a 

t» 

193-1 

*64-65 

4 

2n 

it 

215-8 

*     63-77t 

63-77 

6 

it 

221-4 

61652A1 

61  65  Al.' 

10 

4 

7!2 

234-8 

60-41) 

2n 

tt 

it 

242-4 

58-33 

?J 

it 

256-0 

*     52-09-f 

52-073 

52-11 

4s 

18 

t 

it 

295-8 

1  *     00-37 

5037 

4 

4 

? 

it 

306-9 

*48-74 

4 

, 

tt 

317-3 

47  93 

t> 

j 

tt 

322-5 

*4G-Ol 

4) 

j 

334-7 

i 

44-68 

4> 

^ 

t> 

343-4 

44-133  Al 

44-20  Al? 

6 

2 

? 

n 

346-7 

*     43-77 

43-79 

5 

6 

t 

it 

349-2 

*     42-10 

42-16 

4 

4 

t 

M 

359-6 

*     41-401- 

41-43 

3 

4 

t 

t 

364-4 

*     40-75 

40-74 

2 

2 

> 

t 

368-7 

*     39-48 

39-48 

4 

4 

t 

376-9 

*39  00 

2 

»> 

t 

380-0 

*     38-35 

38  34 

4 

4 

f 

384-2 

*     37-68 

37-69 

4 

4 

f' 

, 

388-4 

36-61 

2n 

1-08 

t) 

395-4 

*     36-42 

36-43 

4 

4 

it 

tt 

396-6 

*     35-28 

35-30 

5 

6 

n 

tt 

403-9 

*     34-16 

34-20 

7 

6 

Jf 

411-1 

33-775  Ca 

33-81  Ca? 

6 

6 

t 

It 

413-6 

*     31-50 

31-49 

4 

8 

t 

It 

428-4 

*     30-19 

30-21 

2 

4 

f 

tt 

436-8 

*29'S!» 

6 

} 

438-8 

28-73 

2 

» 

It 

446-3 

*  Lookyer  and  Baxandall,  3990-72,  89-95,  88-98,  88-21,  84-78,  84-51,  81-78,  80-66, 

79-61,  79-31,  77-88,  75-48,  73-79,  73-53,  72-12,  68-29,  64'64,  63-78,  52-12,  50'38,  4879, 

46-04,  43-81,  42-18,  41-40,  40'75,  39-49,  39-04,  38'37,  37'65,  36-43,  35-28,  34'18,  31*46, 
30-19,  29  93,  28-64,  and  also  3990'05,  88'00,  83-44,  78'10,  23'28,  3995*08. 
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VANADIUM — continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Hascliek 

Arc 

Spark 

A  + 

"A 

*3926-68        1 

4n 

1-08 

7-2 

25459-6 

20-45 

4 

?J 

,, 

461-1 

*3925-30 

3925-350 

25-40 

4 

6 

n 

}> 

468-2 

*     24-81 

24-708 

24-86 

5 

8 

n 

M 

470-7 

*     22-o8t 

22-548 

22-61 

6 

8 

)t 

t> 

486-2 

*     22-05 

22-023 

2208 

4 

0 

?> 

fj 

489-7 

*     20-65 

20-68 

3 

4 

M 

M 

498-7 

*     20-15 

20-10 

2 

2 

)} 

fl 

502-0 

19'600 



2 

M 

505-6 

*     16-55t 

16-59 

3 

14 

,, 

„ 

525-3 

*15-55 

2 

„ 

,, 

532-0 

*15-28 

2 

, 

}) 

533-8 

*14-437 

14-51 

o 

14 

t 

>? 

539-0 

*13-67 

2n 

f 

„ 

514-3 

*     13-03 

1307 

4              4 

,, 

548-3 

*     12-36        i 

12-37 

5s 

0 

, 

552-8 

*     10-95 

10-95 

4s 

4 

,» 

562-0 

*     10-01  f"              09-995 

10-05 

0 

6             »      i      » 

568-0 

09-85 

4 

,            „               569-2 

*08'5 

2bT 

, 

7-3 

578 

*07-35 

2n 

f 

9t 

585-5 

*     06-S9f 

00-93 

4s 

4 

, 

„ 

588-4 

*     04-03 

04  05 

2 

4 

,, 

603-3 

I 

04-27 

2 

605-7 

*     03-42f 

03-50 

3 

8n 

»            »> 

611-0 

02-71 

02-70 

2 

4n 

»            »i 

616-0 

*     02-40t 

02-371 

02-41 

7              6n 

»      i      » 

618-0 

*     01-80 

2 

„ 

M 

621-5 

*     01-30 

01-30 

5n           4n 

>} 

„ 

625-2 

0072 

5n 

2 

Jt 

)t 

629-0 

*     00-33 

0032 

2 

4 

,, 

,, 

031-6 

*3899  30f 

3899-32 

2 

8 

,, 

» 

038-6 

*     98-15t 

3898-082 

98-2 

G 

Ob 

,, 

, 

645-9 

*     97-22 

97-22 

4 

4 

„ 

, 

652-0 

*90-8() 

2 

1-07 

t 

654-8 

*     90-29 

96-259 

90-32 

4s 

6 

}> 

t 

658-1 

*     94-19f 

94-18 

4s 

4n 

,, 

, 

672-0 

*     93-03 

93-03 

Os 

6 

n 

f 

679-0 

*     92-471 

92-03 

2n 

^ 

f 

082-8 

*     91-27 

91-4 

4b 

4b 

}> 

f 

690-8 

*     90-33  !• 

90-298 

90-35 

6s 

6 

f 

; 

697-4 

*89-37 

2 

t 

t 

703-8 

*     88-50 

— 

4n 

^ 

} 

709-6 

*     88-23 

88-20 

2 

2 

j 

f 

711-4 

86-72 

86-691 

80-73 

4s 

4 

f 

f 

721-4 

85-91t 

85-95 

2 

2 

? 

726-6 

85-83 

2 

f 

727-2 

85-00  f 

85-03 

2 

0 

, 

„ 

732-6 

84-00 

84-60 

3 

2 

, 

,, 

735-4 

*  Lockyer  and  Baxandall,  3925-36,  24-85,  22-57,  22-11,  20-67,  20-10,  16-57,  15-57, 
15-30,  14-49,  13-71,  13-04,  12-35,  10'92,  09'96,  08*46,  07'33,  06-92,  04-51,  03-32,  02-45, 
01-81,  01-28,  00-29,  3899-23,  98-17,  97'20,  96-83,  96-29,  94'16,  92-95,  92-53,  91-25,  90-30, 
89-36,  88-47,  88-20,  and  also  3945-36,  28-07,  26-86,  26*64,  14-08,  11-90,  10'57,  09-68, 
03-86,  3898-44,  95-86,  93-88,  91-88,  89-91,  87-69. 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

A  + 

1_ 

A^ 

Frequency 
in  Vacuo 

3884-01 

3881-05 

3 

2 

1-07 

7-3 

25739-0 

83-53 

2 

»> 

n 

742-5 

83-37 

2 

»» 

it 

743-5 

81-78 

2 

» 

it 

754-1 

81-20 

2 

j» 

757-9 

80-47 

2 

tt 

762-8 

79-82 

79-79 

3 

<u 

767-2 

7885 

Ib 

M 

773-5 

76-90 

2n 

)i 

786-5 

70-21f 

70-25 

5 

4 

791-0 

7G-05f 

76-03 

4 

4 

?i 

ii 

792-2 

75-78 

2 

»» 

ii 

794-0 

75-S2 

2 

795-7 

75-22f          3875-195 

75-21 

6 

6 

M 

ii 

797-8 

i 

74-50 

2 

802-5 

73-80                                        78-79 

0 

4 

11 

t) 

807-2 

73-38 

2 

»» 

ii 

809-5 

72-90 

2 

ft 

8131 

71-28 

71-21 

4 

6 

tl 

8243 

1         70'  72                                        70-7:i 

0 

4 

» 

ti 

8277 

70-  H 

2 

831-5 

68-20 

2n 

844-5 

67-77f                                        07-75 

5 

6 

847-4 

67-50 

67-49 

o 

o 

» 

it 

849-2 

!                                  66-90 

0 

it 

853-2 

00-52 

2 

f 

855-7 

;                                  05-9 

4b 

860 

05-021- 

Gi-080 

05-02 

4 

8 

| 

" 

805-8 

04-02 

64-00 

4s 

8 

J 

872-6 

02-37 

02-35 

4s 

4 

it 

883-6 

00-88 

2n 

f 

893-6 

59-51 

59-  19 

3 

4 

902-8 

58-831- 

58-S1 

3 

4 

J 

ii 

907-4 

58-0 

2n 

> 

ti 

913 

57-31 

2n 

917-5 

r>o-oot 

55  905 

50-00 

8 

On 

1-06 

926-4 

55-50J 

55-480 

55-49 

6 

0 

t» 

ii 

929-7 

53-00 

2 

942-5 

52-27 

52-21 

2 

4 

)i 

951-6 

51-32 

51-30 

X 

4 

it 

957-9 

50-57 

2 

it 

962-9 

50  30 

2n 

964-7 

49-48 

49-433 

49-44 

4 

0 

970-4 

47-40 

47-453 

47-50 

5s 

10 

ii 

983-8 

45-03 

45-03 

2 

o 

iy 

26000-3 

44-58f 

44-505 

4  1-60 

5s 

8 

J> 

t 

003-3 

43-05 

4 

t 

009-6 

42-88 

4 

» 

014-9 

42-03 

— 

4 

4 

020-6 

40-8Hf 

40-806 

40-92 

<> 

8 

t 

t 

028-3 

40-56 

40-56 

5 

6 

j 

030-6 

40-27 

40-26 

4 

4 

I 

032-5 

39-53 

39-53 

4 

(> 

>» 

037-6 

39-12t 

39-13 

4 

6 

I) 

tt 

040-3 

37-90 

2n 

»l 

it 

048-2 
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VANADIUM — continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Deduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Kowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

\  + 

1 

A 

3836-58 

2n 

1-06 

7-3 

26057-6 

3836-20 

36  19 

4 

4 

I* 

M 

060-2 

35-70 

35  -69 

4 

4 

lf 

M 

0636 

34  97 

2 

>» 

i) 

068-5 

33-36f 

33-38 

2 

2 

079-4 

32-97 

33-00 

2 

2 

i) 

t1 

081-9 

32-50 

2 

»i 

}J 

085-3 

31-98 

2 

»» 

» 

088-9 

31*19 

2 

»»  ' 

j 

091-2 

30-42 

2n 

n 

} 

099-5 

29-77 

4n 

|f 

103-9 

28-9 

6n 

»» 

it 

110 

28'67t 

3828-680 

28-72 

7 

6n 

,, 

» 

111-3 

27-13 

6 

,, 

, 

121-9 

26-95 

2n 

?» 

t 

1232 

25-47 

2 

u 

» 

133-3 

25-17 

2 

5> 

j 

135-3 

24-12 

24-14 

4 

4 

>» 

i 

142-4 

23  90 

2 

„ 

, 

144-0 

23-5 

4b 

») 

>» 

147 

23-35  f 

23  37 

4 

4 

»> 

147-7 

23-OOf 

23-008 

23  05 

4 

4 

,, 

it 

149-9 

22  SG 

2 

II 

,, 

151-1 

22-141 

22-21 

5 

6b* 

»» 

,, 

155-8 

21-63f 

21-607 

21-66 

4 

4 

,, 

i> 

159  6 

20-589 

— 

4 

»» 

,, 

166-7 

20-41 

— 

2 

» 

fj 

167-9 

20-10 

20087 

20-14 

4 

4 

J? 

tt 

170-0 

1894 

2 

^ 

?J 

178-0 

18-48 

4 

t) 

I* 

181-1 

18-37f 

18-370 

]8-39 

6 

A 

,, 

,, 

181-8 

18-12 

18-10 

3 

A 

}> 

7-4 

183-6 

17-98f 

17-99 

4 

4 

,, 

„ 

184-4 

15-65 

15  55 

4 

10 

1  05 

»» 

200-8 

13-63 

13-612 

13  63 

6 

8 

M 

t> 

214-4 

0980 

6 

>» 

»» 

240-7 

08'64f 

08-70 

5s 

6 

,, 

,, 

248-5 

08-136 

— 

8 

it 

ii 

252-1 

07-64 

07-626 

07-69 

4 

6 

?J 

> 

257-5 

07-425 

— 

4 

1} 

j 

257-1 

06-93 

07-00 

4 

4 

M 

? 

253-3 

06-65 

2 

» 

? 

262-4 

06-37 

2 

»» 

, 

264-3 

05-12 

2 

,, 

, 

2730 

04-80 

2 

Jt 

f 

275-2 

04-6 

2n 

i» 

i 

277 

04-05 

04-07 

3 

4 

5» 

> 

280-3 

03-92 

03-97 

3 

4 

J» 

281*1 

03-62f 

03-613 

0364 

5 

6 

, 

283-3 

03-06 

2 

,, 

i 

287-2 

01-4 

2n 

)t 

» 

299 

00-05 

3799-992 

0007 

5 

8 

f) 

308-1 

3799-43 

2 

II 

j 

312-3 

98-82 

4 

M 

, 

3166 

98-41 

2 

M 

M 

3194 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 

Ilasselberg 

Rowland  and 
Harrison 

Exncr  and 
Haschek 

Arc 

Spark 

A  + 

1 
A 

Frequency 
in  Vacuo 

3780-00 

4 

1-05 

7-4 

20331-5 

9fi  37 

2 

jf 

333-5 

3795-12 

05-08 

7 

10 

» 

?> 

342-3 

04  40 

8 

» 

?f 

340-6 

93-7Gt 

03-70 

4 

4 

n 

351-7 

03-53 

2 

t 

ft 

353-3 

91-47 

2 

307-6 

90-62  ft 

3790-50.3 

00-64 

3 

0 

t 

t» 

3735 

00  40 

00-418 

00-48 

5 

0 

j 

SI 

374-6 

88-02 

2 

i 

it 

385-5 

87-68 

87-30 

2 

10 

i 

1) 

305-0 

81-98 

2 

II 

i 

412-8 

81-84 

81-88 

2 

2 

» 

413-7 

830 

2b 

JJ 

i 

4'<<!2-5 

8308 

2n 

» 

i 

420-1 

82-70 

82-70 

o 

2 

428-8 

82-27 

2n 

>f 

t 

431-8 

81-00 

o 

11 

i 

434-3 

81-54 

81-55        i       3 

4 

» 

436-8 

80  85 

2 

» 

i 

4U-7 

7D-80 

70-80               3 

0 

») 

448-8 

78  83f 

78808 

78  82               r>s 

10 

f 

455-0 

78-48t 

78-50               2 

12 

11 

i 

458-2 

77'03t 

77'03               2 

4 

i 

401-2 

77-31 

77-30              2 

4 

»> 

^ 

406-5 

77-00 

o 

i 

408-6 

70  31 

70-20 

3 

4 

1*04 

473-5 

75-85 

75-80 

3 

4 

>» 

f 

470  9 

75-3-lt 

75-32 

3 

4 

i 

, 

480-3 

74-82 

0 

f 

f 

483-9 

74-27 

7  it-20 

2 

4n 

t 

»> 

487-7 

73-02 

2 

i> 

400-3 

73-14 

10 

t 

)i 

495-7 

72-30 

2n 

f 

75 

501-5 

71-87 

3n 

t 

it 

504-5 

7i-:ut 

2 

i» 

508-5 

71-llt 

71-13 

4 

20 

)i 

500-8 

70-08 

70  (17 

2 

2 

f 

ii 

512-9 

70-10 

2n 

»» 

ii 

6170 

00-07 

2n 

if 

» 

517-9 

69-23 

00-18 

2 

0 

> 

523-3 

07  84 

8 

t) 

532-9 

00-53 

2 

it 

> 

542-1 

64-96 

04-04 

2 

4 

jt 

553-3 

03-30 

03-20 

4 

4 

11 

, 

565-5 

01-55 

4 

t> 

, 

677-3 

01-43 

4 

i 

678-1 

00  96 

00-05 

2 

4 

)» 

) 

581-5 

60  dot 

00-40 

2 

10 

>» 

» 

C85-4 

50-41 

6 

„ 

i 

692-4 

58-00 

2 

» 

696-0 

57-82 

2 

i 

603-7 

57-51 

2       1      „ 

t 

606-9 

t  Hu  3790-65,  Cr  3790  61. 
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VANADIUM — continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Freo  uenc  Y 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

\  + 

1 
A~~ 

in  Vacuo 

3756-18 

3756-15 

2 

2 

1-04 

7-5 

26615-4 

55-85 

55-77 

2 

4n 

»> 

tl 

617-9 

55-23 

2n 

» 

622-0 

54-65 

2n 

»J 

»» 

626-1 

53-44 

53-38 

2 

4n 

634-9 

53-00 

2 

f| 

» 

637-8 

51-94t 

51-94 

2 

2 

J? 

617-i 

51-02t 

4s 

?) 

n 

651-9 

50-43 

8n 

J» 

» 

656-1 

50-10 

12n 

>» 

058-4 

48-14 

48-10 

2 

2 

,, 

n 

672-5 

47-28 

2 

J> 

Jt 

678-5 

46-02 

46-00 

4s 

14 

»» 

>» 

687-5 

4377 

8bv 

»» 

?> 

703-6 

4l-65f 

3741-630 

41-63 

3 

6n 

Jf 

718-8 

41-20 

2 

If 

ji 

721-9 

40-381" 

40-374 

40-39 

3 

4 

,, 

)» 

726-7 

38-93 

38-901 

38-92 

4 

4n 

»» 

»> 

738-2 

38-15 

38-129 

38-15 

3 

4 

»» 

n 

743-7 

37-60 

2 

1-03 

»> 

747-6 

36-16 

10 

M 

757-9 

34-59 

3462 

3 

4n 

,, 

ff 

7691 

33*75 

4n 

|f 

j} 

775-2 

32-88t 

32  98 

4s 

14 

»» 

781-1 

32-15 

8 

,, 

» 

786-6 

31-20 

2n 

» 

, 

793-1 

30  36 

2 

»> 

? 

799-5 

29-99 

2 

»» 

t 

8022 

29-22 

29-21 

3 

6 

»> 

, 

807-7 

28-51 

10 

» 

7-6 

812-9 

27'49t 

27-53 

4 

16br 

1t 

820-0 

23-83 

f) 

j» 

Jt 

832-1 

25-1 

2n 

»» 

»» 

837 

246 

2n 

» 

839 

23-75 

2 

,, 

»» 

847-1 

23-52 

23-49 

3 

2 

I* 

848-8 

22-76 

4 

>f 

855-2 

22-27t 

22-334 

22-39 

2 

6n 

(> 

n 

857-3 

22-15 

22-136 

22-18 

o 

4n 

„ 

j> 

858-5 

21-55 

2n 

»» 

,, 

862-9 

21-1 

2n 

i? 

>» 

866 

19-124  \ 
19-051  J 

19-07 

6 

»» 

)j 

880-9 

18-35 

10 

» 

)j 

886-0 

15-62}: 

15-70 

4s 

20 

»» 

905-2 

14-12 

14-12 

2 

4 

t» 

916-7 

13-72 

2 

n 

919-6 

12-69 

4 

j» 

1  1 

927-0 

11-90 

4 

932-8 

11-28 

cS 

j» 

ji 

937-3 

08-88 

08-852 

08-86 

3s 

6 

?> 

9t 

954-9 

06-167 

06-20 

6 

it 

974-3 

05-19f 

05-167 

05-22 

5 

6 

»» 

» 

981-5 

Ni  3715-61. 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

leduction  to 
Vacuum 

Oscillation 
frequency 

Hasselberg 

Rowland  and 
Harrison 

Exncr  and 
Haschek 

Arc 

Spark 

A-f 

1_ 

A 

in  Vacuo 

3704'85-f 

3704-831 

3704-90 

0 

6bv 

1-03 

7-0 

26984-0 

01-664 

2 

5) 

» 

985-4 

03-71t 

03-80 

7 

12b' 

1> 

992-0 

01-13 

6 

»» 

27011-1 

00-50 

12 

»» 

015-8 

00-35 

On 

»• 

017'0 

3099-03 

2 

»> 

022-1 

3690-OOf 

3095-995 

90-02 

6 

8 

1    2 

it 

048-7 

95-48J 

95-419 

95-50 

5 

On 

»» 

052-5 

94-74 

2n 

D 

057-9 

92-36-f 
90-4  If 

8H-22f 

92-357 
90-407 
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VANADIUM — continued. ' 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 
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Spark 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oficillation 

Hasaelberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 
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VANADIUM — continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 
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VANADIUM  —continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschck 
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Spark 
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VANADIUM-  continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Bed  notion  to  i 
Vacuum      |  Oscillation 
Freciucncy 

Hasselberg 

Rowland  and 
Harrison 

Exiier  and 
Haschek 
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2             „            „               61S-3 

01-73 

2       i      „            „               019-9 

61-198 

01-20 

2              2                                  ,         654-9    ' 

59  NO 

2           0-91         „                66S-0 

59-058 

59-03 

2              2             „      i      „      •         009-5 

5cS-02 

8       !      „      j      „                681-8 

50-892 

2                       ',.!,,                695-1- 

55  709 

55-72 

2               2        '      „      i      „                700-2 

51-830 

54-90 

1             10       !      „             „                711-5    ! 

53-00 

2       i      „           „              73L'-!    : 

51-880 

52-01 

2            10       '„            „               732-0 

50  894 

50  90 

2             10       '      „          SS               751-9 

49-090 

49-71 

2               S       ,'      „            „                703  ;{    ' 

4S-71 

2             „            „                7723 

4H-00 

2             „            „               7794 

47-09 

2       ;      ,.            „               7S23 

475 

2n           „      !      „               7SI 

4211 

2       •      ,,            ,,                S3.1-0 

41-30 

2              .,            „                813-0 

4090                               2       :      „            „               8108 

4000        i                       2       ,      „            „               855-4 

39-17 

.,,',.                ^>3-3 

37-990 

38  OS        i       4            12       ;„            „               874-2    | 

30-72 

2                                M                             M                                      V>l^b     ^ 

34  04 

1        '      „            „               900-5 

Tift?*    r          :w'as          \    o       1       s       .      «•            »      !         I>1L"'* 
33-878    ^         3;J.|57          \    -      ,       ,.             M            n               iu-vs 

33-300 

33-36               *         •     "       1     »      '      ..      t         i'l<s->    ! 

K  2 
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VANADIUM — continued. 


Aro  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 

Hasselberg 

Rowland  and 
Harrison 

Exncr  and 
Haschek 

Arc 

Spark 

A  + 

1_ 
A 

m  Vacuo 

3232-064 

3232-10 

2 

6 

0'91 

8-8 

30931-0 

31-09 

2 

!» 

» 

940-5 

30-765 

30-80 

2 

2 

M 

„ 

943-5 

29-724 

29-75 

2 

2 

11 

» 

953-5 

29-30 

2n 

»t 

i) 

957-7 

28-7 

2b 

»> 

»> 

963 

28-3 

2b 

n 

> 

965 

27-520 

2754 

2 

2 

t> 

» 

974-7 

27-05 

6b* 

)» 

i 

979-3 

26-223 

2622 

2 

o 

> 

987-2 

24-20 

2 

,, 

, 

31006-6 

2297 

2 

Jf 

f 

018-4 

21-52 

2 

J$ 

, 

032-4 

18-985 

1898 

2 

2 

0-90 

> 

056-9 

17-240 

17-23 

2 

12 

Jt 

» 

073-8 

15-487 

2 

>i 

, 

090-7 

1486 

8 

n 

, 

096-8 

14  10 

o 

,, 

, 

104-1 

12550 

12  55 

2 

4 

f1 

t 

119-1 

11-70 

2 

j> 

„ 

127-3 

10-546 

2 

,, 

„ 

138-5 

10-253 

1021 

*> 

2 

n 

M 

141-6 

OS-464 

08-46 

2 

8b* 

,, 

„ 

158-8 

07-521 

07-52 

8 

2 

5> 

M 

1679 

064 

2b 

tl 

M 

179 

05-689 

05-70 

6 

o 

)t 

89 

186-5 

05-378 

05-45 

2 

2 

lt 

lt 

1880 

04-30 

o 

M 

M 

199-1 

02  80 

o 

M 

t 

213-8 

02-495 

02-50 

12 

2 

..      i      i. 

216-7 

01-8 

4b 

„ 

223-5 

3199934 

3199  95 

2 

2 

n 

M 

241-7 

98-121 

9809 

2 

o 

ti 

M 

259-6 

97-65 

2 

n 

,, 

264-1 

96-66 

4 

tl 

1f 

273-7 

95-7 

2b 

Jf 

tf 

283 

94-030 

94-06 

2 

2 

„ 

» 

299-4 

93  29 

4 

M 

, 

306  8 

9278 

4 

lt 

j 

311-8 

90-798 

9080 

10 

16r 

i» 

t 

331-2 

89-87 

2 

>» 

> 

340-3 

88'624 

88-60 

2 

lOr 

„ 

, 

352-7 

83-18 

4 

M 

j 

356-9 

87-820 

87-78 

8 

lOr 

M 

M 

361-0 

86-93 

4 

»»      ' 

369-3 

85-507 

85  46 

20 

4r 

t?            t» 

383-5 

84-097 

84-04 

20 

4r 

„    !    .. 

397-4 

83-525 

8348 

18             4r 

n      !      i» 

4031 

82-71 

8 

^ 

?< 

410-9 

79-50 

2 

0-89 

90 

412-5 

77-75 

2 

>» 

M 

4598 

762 

2b 

» 

)f 

475 

74-61 

8 

M 

)> 

490-9 

7417 

6 

» 

M 

495-3 

72'34        '                     2 

M 

„  .  '        513-5 
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V AN ADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum         ( 

)scillation 
Frequency 

Hasselberg 

lowland  and 
Harrison 

Exner  and 
Haschck 

A 

Spark 

x+ 

\ 

in  Vacuo 

3171-82 

2 

0-89 

9-0 

31518-6 

70-35 

2 

ft 

M 

633-3 

68-62 

2 

lf 

„ 

550-5 

3168-244 

68-2  1 

2 

6 

„ 

»»      i 

654-4 

67-55 

10 

ii 

„               561-1 

66-48 

2 

571-8 

65-96 

4 

f| 

5770 

64-945 

64-91              2 

4 

i, 

687-5 

63-85 

2 

n 

it 

598-1 

63-13 

6 

it 

605-2 

62-81 

6 

it 

M 

608-5 

62-46 

2 

ft 

612-0 

61-42 

6 

|f 

|f 

622-4 

60-87 

4 

n 

628-9 

59  45 

4 

ii 

H 

6421 

5801 

4 

M 

656-5 

5635 

2 

fj 

11 

6731 

55-51 

6 

f| 

tt 

681-7 

54-9 

2n 

fl 

688 

51-42 

8 

f| 

it 

7227 

48-NO 

4 

tt 

ti 

748-5 

46-95 

4 

if 

9-1 

767-7 

46-40 

G 

if 

773-2 

46086 

46-10 

45-48 

2 

4 
4 

" 

i 

776-4 
782-5 

44-85 

4 

„ 

t 

787-9 

43-61 

4 

„ 

i 

801-5 

42-596 

42-67        j       4 
42-33        ! 

4 

tt 
11 

• 

8100 
813-4 

41-03        I 

4 

0-88 

lf 

821-5 

41-23 

2 

f| 

M 

825*6 

39-862 

39-88 

2 

10 

n 

„ 

839-3 

38-17 

4 

it 

Jt 

85ti-6 

37-304 

2 

ii 

n 

805-4 

36-61 

12 

,, 

„ 

872-1 

35-060 
33455 

35-08 
33-48 

2 

10 

12 
10 

11 

n 

it 

888-1 
904  4 

32  90 

2 

it 

910-2 

32  72 

2 

it 

912-0 

30-408 

30-40 

28-81 

10 

12 
4 

n 
ti 

935-7 
951-9 

28-40        i 

4 

t 

„ 

956-1 

26-338 

26  31 
25*52 

10 

8 
8 

1 

»i 

977*3 
985-6 

25-402 

10 

t 

„ 

986-8 

25-20 

8n 

f 

,t 

988*8 

23*49 

2 

f 

,f 

32006-3 

23-020 

23  01 

o 

10 

, 

,i 

011-2 

21-261 

2127 

2 

8 

, 

„ 

029-2 

20849 

2 

ii 

if 

033-4 

2036 

8 

it 

n 

0385 

19  44 

2 

fl 

it 

047-9 

18-406 

18-51 

16 

12r 

„ 

it 

058-0 

16-90 

6 

n 

it 

074  1 

16*18 

2 

ti 

.. 

081-6 
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VANADIUM — continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
111  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exnor  and 
Hasckek 

Arc 

Spark 

A  + 

1_ 
\ 

3113-038 

3113-19 

2 

8 

0-88 

9-2 

32113-0 

10-826 

1082 

2 

12r 

ii 

136-7 

09-51 

4 

ii 

150-2 

09  381 

2 

ii 

ii 

151-5 

09-283 

2 

ii 

ii 

152-5 

0881 

4 

ii 

it 

157-4 

07-85 

2n 

11 

ii 

167-4 

06-9 

2a 

it 

177 

06-08 

2n 

i) 

ii 

1S5-7 

05-67 

2n 

ii 

ii 

189-9 

0503 

4 

it 

ii 

1965 

02-415 

02-39 

20 

12r 

i» 

ii 

221-9 

01-038 

01-09 

2 

10 

087 

ii 

237-6 

3094-793 

2n 

it 

ti 

313  6 

3094-33 

12 

f  j 

ii 

307  9 

93'23 

16r 

>» 

ii 

IU9-2 

89-78 

2 

it 

ii 

:W5'G 

88-1 

2bT 

»» 

n 

373 

8li-61 

4 

*t 

i> 

388-8 

80-33 

2 

») 

ii 

JI91-8 

8331 

6 

tt 

i 

423-5 

82-65 

6 

i» 

i 

430-4 

8220 

2 

11 

i 

435  1 

81-39 

2 

it 

•413-7 

81-13 

4 

it 

446-4 

804 

2n 

it 

ii 

454-0 

790 

2n 

ii 

ii 

469 

78-75 

2n 

ii 

it 

471-5 

76-12 

2 

M 

93 

499-2 

75-7 

2b  - 

It 

91 

504 

75-3 

2b 

|| 

ii 

508 

71-77 

2 

II 

it 

5135 

72-96 

o 

|| 

i 

532-6 

7031 

2 

)» 

r><;o  o 

6982 

o 

565  9 

67-20 

10 

|) 

i 

593  7 

!         06-5 

2b 

II 

601 

65-71 

4 

|| 

* 

609-6 

63-80 

10 

|| 

i 

629-9 

62-80 

4 

0-86 

i 

640-5 

62-31 

2 

ii 

i 

645-8 

60-60 

2n 

ii 

i 

66t-0 

59'3 

2b 

it 

078 

57-55 

2 

ii 

ii 

696-6 

56-46 

2 

708-3 

56-03 

2 

ii 

ii 

712-9 

54-00 

8 

9-4 

734-5 

53-48 

10 

ii 

740-1 

52-3 

2b 

ii 

it 

753 

51-44 

2n 

1* 

n 

762-0 

60-85 

6 

ii 

iy 

768-4 

4900 

6 

7882 

48-76 

10' 

790-8 

45-10 

2 

ii 

)| 

830-5 

43-62 

4 

it 

l» 

846-2 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exiier  and 
Haschek 

Arc 

Spark 

^ 

1- 

3013-27 

2 

0-86 

9-1 

32850-0 

42  39 

8 

,, 

11 

859-9 

41-52 

0 

ii 

,, 

868-9 

39-9 

2n 

11 

n 

886 

38-63 

4 

,, 

n 

900-1 

35-28 

2 

,, 

11 

930-5 

34-55 

2 

51 

„ 

944-4 

33-99 

8r 

., 

,, 

950-5 

33-55 

rtr 

11            1            51 

955-3 

32-30 

*> 

11           '            '1 

908-9 

31-15        i 

2n 

)!                       11 

981-5 

29-05        i 

2 

»                       II 

997-7 

28-15 

0 

1                       11 

33014-1 

27-70 

4 

} 

ii 

019-0 

25-08 

0 

1 

)f 

037-6 

23.99 

0 

, 

y-5 

059-4 

22-70 

6 

0-85 

fj 

073-5 

22-29 

2 

Jf 

lf 

078-0 

20-  1 

2b 

,t 

?J 

099 

19-1 

2b 

n 

Jf 

113 

16-81 

0 

11 

„ 

130-2 

10-20 

4 

11 

,, 

144-8 

1003 

4 

11 

„ 

146-8 

14-87 

8 

„ 

lf 

159-4 

13-12 

0 

11 

,t 

178-7 

12-09 

0 

11 

„ 

189-9 

09-00 

2 

,, 

,, 

217-5 

08-01 

S 

, 

Jt 

228-4 

07-37 

4 

, 

„ 

242-1 

00-57 

4 

, 

»» 

250-9 

05-S7        1                      'I 

, 

258-7 

03-60 

8 

? 

M 

285-0 

02-72 

o 

t 

n 

293-6 

1 

01-82 

4" 

t 

303-0 

01-28 

I0r 

T 

?f 

309-7 

2999-57                          j     2 

f 

it 

3280 

9930        1                  1     2 

f 

Jt 

331-6 

98-00 

o 

t 

1? 

340-1 

90-7 

2b 

} 

9-0 

3CO 

90-05 

8 

j 

11 

307-7 

94-59 

8 

f 

,, 

384-0 

89-72 

2n 

j 

11 

438-3 

89-07 

0 

t 

„ 

438-9 

89-35 

4 

f 

}, 

4-12-5 

88  07                          !     « 

, 

f, 

450-6 

85-25 

6 

f 

M 

487-3 

83-02        '                  i     8 

; 

M 

606-7 

83-10                              2 

M 

M 

512-6 

82-82                              -1 

0-84 

11 

615-7 

82-00 

4 

?, 

„ 

624-9 

81-27 

8 

M 

,, 

533-1 

79-0          !                      2b 

Jf 

t) 

552 

79-10 

2 

II 

11 

556-9 

78-25 

i     4 

., 

,, 

667-1 

1 

77-00 

2 

11            |            11 

574-5 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 

Hasselberg 

Rowland  and 
Harrison 

Exner  and 
Haschek 

Arc 

Spark 

A  + 

_1_ 
A" 

2976*55 

lOr 

0-84 

96 

33586-4 

76-20 

8 

»» 

» 

590-3 

75-70 

8 

»i 

ii 

695-9 

74-06 

6 

»i 

614-4 

7231 

10 

it 

634-2 

71-65 

2 

n 

641-7 

70-53 

2 

97 

654-3 

69-93 

2 

ii 

661-1 

68-40 

12r 

ii 

678-4 

68-15 

4n 

ii 

681-2 

67-65 

2 

it 

687-0 

64-1 

2b 

i» 

728 

63-34 

2 

ii 

735-9 

62-87 

2 

H 

741-3 

62-10 

2 

ii 

7500 

60-87 

2 

i> 

7641 

68-68 

6 

»« 

789-1 

57-74 

10 

1t 

799-9 

56-70 

2 

ii 

811-8 

6565 

6 

it 

823-8 

64-45 

2 

i 

ti 

837-5 

54-02 

2 

n 

843-0 

63-85 

2 

j 

8434 

52-12 

lOr 

M 

804  2 

51-65 

4 

> 

ii 

869-7 

50-40 

8 

t 

>t 

884-0 

49-70 

2 

f 

it 

892-1 

4924 

8 

f 

ii 

897-4 

48-15 

8 

» 

ti 

909  9 

46-60 

2 

i 

ii 

927-7 

45-9 

2b 

ti 

936 

44-68 

lOr 

f 

9-8 

949-7 

43-70 

2 

f 

it 

961-0 

43-25 

2 

t 

9«G  2 

42-48 

4 

0-83 

i> 

975  1 

41-51 

lOr 

f> 

n 

988-3 

38-35 

4 

ti 

ti 

34022  3 

37-82 

2 

n 

it 

029-0 

37-13 

4 

n 

ii 

037-0 

35-09 

2 

n 

i) 

050-3 

34-48 

8 

it 

067-7 

33-95 

4 

it 

073-0 

32-42 

8 

n 

it 

091-7 

32-00 

4 

it 

i) 

09(5-5 

31-73 

4 

n 

099-8 

30-96 

8r 

ti 

108-7 

30-25 

(> 

it 

it 

117-0 

29-12 

2 

»> 

t 

130-1 

2G-60 

10 

1GO-7 

25-40 

G 

1735 

24-79 

lOr 

i 

180-7 

24-14 

lOr 

jf 

188-2 

23-47 

6 

n 

i 

196-1 

22-75 

2n 

11 

t 

204-6 

20-50 

10 

11 

y 

230-9 
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VANADIUM-  continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Beduction  to 
Vacuum 

Oscillation 

PVequency 

Hassclberg 

Rowland  and 
Harrison 

Exner  and 
Haschck 

Arc 

Spark 

\  + 

1_ 
A 

in  Vacuo 

2920-11 

1     8 

0-83 

9*8 

34235*4 

1832 

6 

M                           ?f 

256-4 

17-41 

8 

It                           »» 

267*1 

16-00 

6 

t)              I             11 

2836 

15-46 

6       i      .1 

290*0 

14-97 

14             „      '      „      !         295-8 

14-40 

6             „            „               302-5 

1385 

2             „            „               309-0 

13-17 

2n          „            „              316-9 

12-7 

2b           „      1      „      |         322-5 

11-78 

4 

333  3 

1M7 

8r 

340-6 

10-50 

8r 

»»            n 

3485 

i         10-15 

8r 

„      !      „               352-6 

08-96 

8r 

866-6 

08-50 

6 

371-3 

:         07-60 

8 

1t 

382*7 

i         06  60 

8r 

n 

394-5 

O.V75        ; 

6 

?t 

404-6 

05-13 

6 

>» 

n 

411-9 

;         04  2.'5 

2 

»t 

422-6 

03  70 

2"     !    0-82 

>t 

428-9 

!                                    03-20        ' 

Sr 

n 

n 

431-8 

00-06 

2 

472-1 

'     281)9-5 

2b    I     „ 

479 

98-02 

4       '      „      ,      „               496-4 

%  98 

2             „          100            508-8 

!         90-31         i 

K 

516-7 

95-74 

*> 

„      ,         5235 

!         94*96 

0 

„      '         632-8 

94-78 

o 

534-9 

93-47 

10r 

M 

„               550*5 

92  82 

10r 

,,      i      M               558*3 

92-51        i 

() 

562  0 

91-78        ! 

I0r 

„      1      „ 

570-8 

90  69 

4             „            „              583-8 

90-28 

4             „      i      „      ,         588-7 

j 

89-71 

10r           „      i      „              5956 

88-36 

1° 

„      ,         611-6 

87-30        i 

4 

„      .         C24-4 

8708 

4 

„      ,         ti27'l 

84-91 

I2r 

tt 

653-1 

84-20 

4 

11 

661-7 

82-60 

1" 

080-9 

80-92 

6             „           „              701-1 

80-14 

10            „      '      „              710-5 

79  26 

«            „           „              721-1 

78-40 

2             „           „               731-5 

78-13 

-            »      !      ,,              734-8 

77-80        ' 

8            „           „              738-8 

77-05        ! 

4 

M 

>» 

747-8 

75-78 
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VANA  DIUM — continued. 


Arc  Spactrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
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Rowland  and 
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Arc 

Spark 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oficillation 

Hasselberg 

Rowland  and 
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Exncr  and 
llaschck 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 
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— continued. 


Arc  Spectrum 

Spark            ] 
Spectrum 

intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 

Frequency 
in  Vacuo 
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VANADIUM — continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
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Oscillation 
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VANADIUM— continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
Frequency 
in  Vacuo 
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VANADIUM—  continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
Character 

Reduction  to 
Vacuum 

Oscillation 
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Rowland  and 
Harrison 
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VANADIUM — continued. 


Arc  Spectrum 

Spark 
Spectrum 

Intensity  and 
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VANADIUM— continued. 
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-           !            1 

712-5 

39-8 

2 

1 

14-5 

719 

38'1 

o 

1 

ti 

756 

37-3 

4 

f 

t» 

774 

31-1 

4 

, 

ti 

844 

33-0 

o 

, 

H 

808 

31-8 

2 

t 

)> 

894 
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Isomeric  Naphthalene  Derivatives. — Report  of  the  Committee,  consisting 
of  Professor  W.  A.  TILDEN  (Chairman)  and  Dr.  H.  E.  ARM- 
STRONG (Secretary).  (Drawn  up  by  the  Secretary.) 

THE  investigation  of  the  bromo  derivatives  of  /2-naphthol,  referred  to  in 
several  previous  reports,  has  been  continued  during  the  year  with  the 
assistance  of  Mr.  W.  A.  Davis,  and  practically  completed.  The  results 
are  embodied  in  the  following  tables  : — 

Isomeric  Bromo-fi-Naphthols. 


Bromo-derivatlve 

Properties 

Convertible  by  HNO, 
into 

Remarks 

A'o.  1. 

Br 
/\/\  OH 

Slender  needles,  easily 
soluble  in  acetio  acid, 

1  -  Nitro  -  2  -  naphthol, 
m.p.  103°. 

Readily  dissolves  in  iod- 
hjdric  acid,  yielding 

1 

m.p.  82°. 

/3-naphthol, 

,a 

,£5 

Ex    /3-naplithol     and 

a 

Br.,. 

r 

No.  2. 

Prom  benzene  in  long 

1  -  Xitro  -  2  -  naphthol, 

g 

/N\/X\  QO- 

needles,    ni  p.    127°  ; 

m.p.  1C3°. 

o 

1 

-LU 

from    glacial    acetic 
acid  in  massive  crys- 
tals, m.p.  84°,  which 

Ex  dibromo  No.  1  and 
iodhydric    acid     at 

effloresce  in  air. 
Atetate,  m.p.  103°. 

ordinary     tempera- 

„    ture. 

No.  1. 

Br 

From     g'acial     acetic 

(1)   l-Nitro-6-bromo-2- 

Both  the  naphthol  and 

/VNoH 

acid  in  lustrous  nee- 
dles +  1  inol.  C;,H4O,, 

naphthol  ;    from    al- 
cohol     in      slender 

the  dibromoqumone, 
m.p.     17  1°,  yield    4- 

*UJ 

in.p.  84°  ;  from  light 
petroleum  in  slender 

yellow  needles,  in.p. 
122°. 

bromophthalic     acid 
on  oxidation  with  di- 

Ex     j3-naphthol      in 
glacial    acetic    acid 
and  2Bra. 

needles,  in.p.  100°. 
Acetate,  lustrous  plates, 
m.p.  125°. 

(2)   1-Bromo  -/3  -naph- 
thaqmnone  (m.p.  de- 
pendent   on    rate  of 
heating),    and  4  :  6- 

lute  nitric  acid.    Both 
the  mono-  ju-d  dihro- 
moquinone  yield  with 
aniline  a  mixture  of 

dibromo-  /3  -  naphtha- 

0 

quiuone,    m.p.  171°  ; 

both  quinones  rrystal- 

a^  Oil 

hse  from  ethylio  ace- 

tate   in    magnificent 

red  prisms. 

NPh 

m.p.  273-275°. 

"o 

J3 

O 

5 

/Y^,  NHPh 

9- 

Br  1       II 

£ 

NPli 

S 

S 

m.p.  206°. 

3 

JV'o.  2. 

XV         y/V 

From  toluene  in  silky 

When      heated      with 

1                                            I°H 

needles,  m.p.  137-5°. 

alcohol     and    HaSO4 

Br  1               Br 

Acetate,  ex  acetone  in 

6-6     hours    at    100° 

Br  \y^  Br 

transparent  rhombs, 

yields  65  per  cent,  ol 

Ex  tribromo-naphthol 
No  1,  and  iodhydric 
acid  at  100°, 

m.p,  137°. 

tther,     CJOH.BraOEt, 
m.p.  98°. 

ON  ISOMEKIC  NAPHTHALENE  DERIVATIVES. 
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Bromo-derivative 

Properties 

Convertible  by  HN03 
into 

Remarks 

Jib.  3. 

Br(?) 

,CQ°" 

Ex    tribromo-0-naph- 
thol  No.  2  and  lod- 

From  benzene  and  light 
petroleum     in     long 
needles,  m.p.  134'5°. 
Acetate,  crystallises  in 
small           colourless 
needles,  m.p,  87-88°. 

With      alcohol      and 
H,S04     6    hours    at 
100°  yields  61-0  per 
cent,  of  ether,  which 
crystallises  from  alco- 
hol in  silky  tufts  of 
needles,  m.p.  68°. 

L    hydric  acid. 

Xo.  1. 

Br 

From   acetic    acid    in 

(1)  1  -Nitro-  3  :6-di- 

On  oxidation  with  di- 

/\/Ny     fVTT 

non~e]flore»cent  ',     lus- 

bromo -  ft  -  naphthol, 

lute  HNO,  the  dibro- 

1       1       1 

trous    needles,    m.p. 

slender  golden  needles 

moquinoue  yields  4- 

Br  '            J 

155°. 

from  alcohol;   melts 

bromophthalic  acid  ; 

Acetate,    from    ethylic 

and    decomposes    at 

anhydride,  m  p.  106°. 

Kr      /J-naphthol      in 
acetic  solution  and 
3Bra. 

acetate      in      long, 
slender,          lustrous 
net-a.es,  m  p.  184°. 
flemoate,  m.p.  187°. 

about  150°. 
(2)  3  :  6-Dibromo-l  :  2- 
imphthaquinone, 
from  ethyl  acetate  in 

With  aniline  the  qui- 
noue  yields  a  mixture 
of 
0 

deep  -  red      rhombs, 

/^V/\   rviT 

or  or.uif?e-red  neetlles, 

1          1         1 

m.p.  150°  ;  changes  in 

•nr  1         1        1 

air  into 

\Ay 

O 

NPh 

/VN  °H          m>p<  273"275°- 

1       1       i                  and 

Br  I     JL     J  Br 

0 

>/      NX 

u 

/V^j  OH 

i                                      mP.2m              Br|     1  J 

|                                               '  With  aniline  the  latter                       Kfr 

yields  an  additive  com-                     r*rn 

i 

pound,    C10H,O,Bra  -1-                m.p.  206".              < 

i 

C'uHjN  II  a,  orv^tallifcinK                                                : 

i 

from  ben/ene  in    red 

prisms  and  decouipos-> 

j 

mg  at  195°. 

jj 

A'o.  3. 

t 

'j3 

Br(?)Br                  From    noetic    ncid    in 

(1)  1  •  Nitro-6  :  8(?)-      On  oxidation  both  the 

as                  /\/\  HIT             small  fjttorrsceiit  nee- 
£•]               fill      «U«M  +  1  »wl-  ^H«<>a, 

dibrouio-2  •  naplithol, 
compact,  canary->  el- 

naphthol  and  the  de- 
rived quinone  yield  a 

6 

Brk/V 

m.p.  1W. 
Affttitf*  from  ethyl  ace- 

low      Dot  dies      from 
benzene  ;  on  heating 

new  dibromophlhahc 
aoul,  m.p.  lys-iyti0  ; 

1 

By  action  of  bromine 
"(excess)   on   dry  p- 
naphthol  at  100°. 

tat«    or    acetone    in 
brilliant,         slender 
needles,  m.p.  1-19°. 
Renzoate,v\  ethjl  ace- 

becomes   orange    at 
155-160°,  and    melts 
and    decomposes    at 
163°. 

anAy./M«/c,m.p.U/ft  . 

tate  in  silky  needles, 

(2)  6  :  8-Dibromo-l  :  2- 

m.p.  164°. 

naphthaquinone, 

orangC-ml,     eftlores- 

cent     neeilles     from 

benzene,  large  prisms 

from   ethyl    acetate, 

m.p.  186°. 

JT<>.  3. 

/\/\  OH 

From    glacial     acetic 

Does  not  ctherifv  when 

acid  in  flat,  f  floret- 

heated  with   alcohol 

"Rr  v             J  Br 

cent     necdlcn    (with 

and  HaS04  at  100°. 

ur  \/\/  *>r 

1  mol.  C,H40.)  ;  melts 

Br 

at  134°. 

Ex  tetrabromo0-naph- 
thol     No.      1     and 
boiling      iodhydric 
acid. 

Acetate,    from    ethylic 
acetate     in     slender 
lustrous  needles,  m.p. 
147°. 
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Bromo-dcrivative 

Properties 

Convertible  by  HN03 
into 

Remarks 

Afc.  4. 

Br(?) 
/  V\  OH 

From  acetic  acid  in  flat, 
efflorescent       needles 
(with  1  mol.  CaH4Oa)  ; 
melt*  at  135-136°. 
Acetate*    small    leaflets 

Does  not  etherify. 
Note  close  resemblance 
of  naphthols  3  and  4 
and    acetates    2,    3, 

Ex  tetrabromo-j8-nap  h  - 

ex  ethyl  acetate,  ui.p. 

an 

thol  No.  2  andboil- 

li<     • 

.    ing  iodhjdric  acid. 

f               No.  1. 

Br 

From   acetic    acid    in 

(1)  1  -  Nitro  -3:4:6- 

Oxidation     by     dilute  ! 

/YX|  OH 

small        balls        of 
needles   (efflorescent)^ 

tribromo-|3-naphthol, 
dark  jellow  needles, 

UNO,   converts    the 
nuphthol     and     the 

T»r   I             1            1   T>r 

m.p.  172°. 

m.p.    between    135- 

derived  quinoue  into 

N.    y^v    / 

Acetate,    from    rthylic 

143°,    depending    on 

•                     • 

Br 

acetate  in  long,  lus- 

rate of  heating. 

..   .  ,          .       .  ' 

Ex      /3-naphthol      in 
glacial    acetic    acid 
and  excess  of  Br^  in 
presence  of  iron. 

treless     prisms,     or 
pmaJl  six-side  d  plates, 
in  p.  192-rJ3->. 

(2)  3  :  4  :  6  -tribromo  - 
1:2-  naphthaqui- 
none,    from    ethylic 
acetate  in  large,  deep- 
red      nearly      black 

•o 

i  hombs,  m.p.  190°. 

1 

No.  2. 

1 

Br(?)Br 

From   acetic    acid   or 

(1)  Nitro  -  tribromo  -  /3- 

Oxidation     of     cither 

a 
CP- 

f/YVTI 

chloroform    in   long 
felender  needles  (non- 

naphthol,  >  cllow  tufts 
from    alcohol,     m  p. 

naphthol  or  qninone 
gives  a  new  flibrornn-  i 

o 
g 

i  i  i 

efflorescent),        ui.p. 

130°  (tlceompot-cs). 

phtlialic    acul,    m.p.  i 

Ui  \^/\^/  **rlO 

184°. 

(2)  Tribromo  -  /3  -naph- 

l'.».5-l%°  ;  anhydride, 

s 

By  excess  of  Bra  on 
dry    jS-naphthol    at 
10U°  m  pru-encc  of 
iron. 

Acetate,    from    ethylic 
acetate  or  acetone  m 
small     dumbbell-hko 
aggregates  of  needles, 
ui.p.  155  J. 

thaqmnoiie         from 
ethylic     acetate     in 
large     red      prisms, 
m.p.  183°. 

nip.  147-5°. 

No.  3. 

Formed  along  with  1 

Small,  colourless 

Does  not  yield  a  krto- 

Attempts  at  oxidation 

and  2  in  small  quan- 

needles  from   acetic 

compound     initially 

hitherto  unsuccessful. 

tity. 

acid,  in  p.  191°. 

with  1  1  NO.,,  but  give's 

Acetate,     trom     acetic 

immediately  a  totra- 

acid  (very  sparingly 

bromo  -  /3  -  naphtha  - 

soluble;     in     felted 

quinone,    m.p.    241° 

iiu&a  of  needles,  ui.p. 

(small  red  ncedlos). 

L 

21U°. 

No.  1. 

^2 

By  action  of  bromine 

Tiny  colourless  needles 

A    totrabrorno-/3-naph- 

On     oxidation      yields 

| 

in  excess  on  dry  &- 

from      nitrobenzene, 

thaquinoue,  m.p.lui0. 

a     tribromophthahc 

.a 

naphthol     in     pre- 

m.p 241°. 

acid.' 

O. 

sence  of  Al  or  Fe; 

Acetate,  ex  ethylic  ace- 

S3 

also  by  bromine  on 

tate,    small   needles, 

1"' 

tetrabromo,  No.  2. 

ui.p.  209°. 

i 

No.  2. 

n 

Ex  tetrabromo-/Miaph- 

Acetate,      m  p.      203°, 

1 

thol,     No.     1,     by 

white  granules. 

£ 

dropping  into    bro- 

\    mine  containing  Al. 

1  Fleasa,  J3er.t  17,  U79, 


ON  THE   BIBLIOGRAPHY  OF  SPECTROSCOPY. 


155 


J?/ ///,'. ,,/i-.»j,7i y  of  Spectroscopy. — Report  of  the  Committee,  consisting  of 
Professor  If.  McLEOD  (Chairman),  Sir  W.   C.   KoBERTS-AuSTEN 
-     (Secretary),  Mr.  II.  G.  MADAN,  and  Mr.  D.  H.  NAGEL. 

THE  Committee  beg  to  present  herewith  the  last  instalment  of  the  list  of 
spectroscopic  papers,  continued  until  the  end  of  the  year  1000  ;  it  is 
unnecessary  to  continue  it  farther,  as  the  work  will  now  come  into  the 
hands  of  the  compilers  of  the  International  Catalogue  of  Scientific  Papers. 
.  In  the  first  report,  presented  in  1881,  will  be  found  a  list  of  periodicals 
from  which  titles  have  been  taken,  but  as  in  recent  years  the  work  has  been 
entirely  in  the  hands  of  only  two  members  of  the  Committee,  it  was  found 
impossible  to  look  through  all  the  periodicals  mentioned  in  that  list.  The 
serials  that  have  been  recently  examined  are  the  following  : — *  Philo- 
sophical Transactions/  '  Proceedings  of  the  Royal  Society/ '  Journal  of 
the  Chemical  Society,'  '  Berichte  der  deutscheii  chemischen  Gesellsehaft/ 
*  Chemisches  Centralblatt/  '  Proceedings  of  the  Physical  Society,'  '  Science 
Abstracts,'  '  Beiblatter,'  l  Nature,'  arid  *  Chemical  News.'  The  abstracts 
and  notices  contained  in  these  periodicals  have  been  verified  by  reference 
to  the  original  papers,  and  it  is  hoped  that  all  the  most  important  con- 
tributions to  tho  knowledge  of  spectroscopy  have  been  included  in  the 
list. 


TAPERS   ON   SUBJECTS   CONNECTED   WITH   SPECTROSCOPE 

The  previous  instalments  of  this  catalogue  will  be  found  in  the  Reports  of  the 
Association  for  1881,  pp.  328-122  ;  1884,  pp.  295-350  ;  1889,  pp.  311-422  ;  1894,  pp. 
161-23(5;  1898,  pp.  139-51 1). 

[In  cases  where  it  has  not  been  found  possible  to  verify  a  reference,  the  latter  is 
placed  in  brackets  in  the  same  column  as  the  title  of  the  paper.  A  list  of  the 
chief  abbreviations  used  will  be  found  at  the  end  of  the  catalogue.] 

I. 


J.  Melandcr  . 

M.  Hamy        . 
J.  Melandcr   . 


H.  Krtths 


INSTRUMENTAL. 

1897. 

Sur  un   prisme   a*   angle   variable. 
(Read  JDec.  13.) 


Sur  un  npparcil  pcrmcttant  de 
s6parer  des  radiations  simples 
ties  voihines.  (Read  Dec.  20.) 

Kin  Spectrometer  zur  directen 
Untersoheidung  der  tellurischon 
Linien  im  Sonnenspectrum  (k  Fin- 
ska  Vet.  Soc.  Forh.'  xxxix.  217- 
255), 

1898. 


'  Ocfvcrs.  af;  Finska  Yet, 
Soc.  Forhandl.'  xl.  33- 
35  ;  4  IViblattcr,'  xxii. 
555  (Abs.) 

'C.  R.'cxxv.  1092-1091. 


1  Beibliitter,'  xxiii.  178-179 
(Abb.) 


Spectro-photometer  mifc  Lummer-  |  'Zeitschr.f.  Instrumenten- 
Brodhun'schen  Prismenpaar.(Jan.)  i     kunde/  xviii.12-18 ; 4 Bei- 

|    bliitter,'  xxii.  839  (Abs.) 
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C.    Fabry    and 
Perot. 


L.  M.  Dennis . 


H.  C.  Vogel   . 


A,  A,  Michelson 


W.  Hemmclmann  . 


C.  Zeiss  . 


INSTRUMENTAL,  1898.    ' 

Sur    un    spectroscope    interf6ren- 
tiel.    (Head  Jan.  24.) 


Eine  neue  Form  des  Entladers  fiir 
Funkenspectren  in  Losungen. 
(Jan.) 


Einige  Bemerkungen  iiber  den 
Kirchhoft'schen  Spectralapparat. 
(Read  Feb.  17.) 

A  Spectroscope  without  Prisms  or 
Gratings.  (March.) 


Verbessertes  Absorptionsfljtsoheben 
fiir  Spectralanalyse.     (April.) 


Neue  Construction  des  symmctri- 
scben  Doppelspaltes  nach  v.  Vier-  | 
ordt.     (April.)  | 

C.  Pulfrich     ,         .      Ueber  einige  Neueinrichtungen  an  ( 

I     dera  Doppleprisma  des  Abbe 'schen  ' 

i     Refractometers,  und  uher  die  von  [ 

dor    Firraa     Zeiss     horgestellten  ; 

i     RefractometerdieserArt.  (April.)  I 

A.  Jobin  .  .  Spectroscope  interference!  de  MM,  , 
;  A.  Perot  et  Ch.  Fabry.  (Read  | 
|  May  20.)  j 

A.  A.  Michelson     .  |  The 'Echelon' Spectroscope.  (June  ); 


€.  Zeiss  .        • 
F.  Pfuhi 

C.  K.  Mann    . 
H.  Olsen 


W.  A.  Adeney  and 
J.  Carson. 


Spectral apparat  nach  E.  A.  Wiilfing 
zur  Beleuchtung  mit  Lieut  ver- 
schiedener  Wellenlange.  (July.) 

Ein  einfacher  Apparat  zur  Demon- 
stration des  Brechunggesetzes  der 
Lichtstrahlen.  (July.) 

The  Echelon  Spectroscope.   (Aug  ) 

Ueber  einen  Gitterspectralapparat. 
(Sept.) 


On  the  Mounting  of  the  large  Row- 
land Spectrometer  in  the  Royal 
University  of  Ireland.  (Sept.) 


'C.  R.'  cxxvi.  331-333; 
*  Nature,'  Ivii.  325 
(Abs.);  'Science  Abstr.' 
i.  247;  'Chem.  News/ 
Ixxvii.  82-83  (Abs.) 

*  Zeitschr.  f.  anorg.  Chem.' 
xvi.  19-21;  'Beiblatter/ 
xxii.  218  (Abs.);  'Chern. 
Centr.'  J898,  I.  428 
(Abs.);  M.  Chem.  Soc.' 
Ixxiv.  II.  185  (Abs.) 

'  Sitzungsb.  Akad.  Berlin/ 
1898,141-147;  '  Nature/ 
Iviii.  19- 20  (Abs.) 

'  Amer.  J.  Sci.'  [4],  v.  215- 
217;  4Beibliitter/  xxiii. 
r>5.5-557  (Abs.) ;  '  Science 
Abstr.'  i.  386;  'Nature,' 
Ivii.  500  (Abs.) 

1  Chem.  Zeitung/  xxii. 
297-298  ;  *  Chem.  Centr.' 
1898,  J.  10G3  (Abs.) 

1  Zoitschr.  f.  Instrnmenten- 
kunde/  xviii.  116-117. 

'  Zeitschr.  f.  Instrumenten- 
kundc.'  xviii.  107-116; 
4  Bei blatter,'  xxii.  661 
(A.bs.) ;  » Science  Abstr.'  i. 
536. 

1  Seances  de  la  Soc.  Franc, 
de  Phys.'  1898,  46*-49*. 

1  Astrophys.  J.'  viii.  37- 
47  ;  l  Nature/  Iviii.  280 
(Abs.)  ;  •  Science  Abstr.' 
i.  589-592. 

'  Zeitschr.  f.  Instrumenten- 
kunde/  xuii.  209-213. 

'  Zeitschr.  f .  phys.  u.  chem, 
Uiiterr.'xu  159-161. 


1  Science/  viii.  208-210. 

'  Zeitschr.  f.  Instrumenten- 
kunde/  xviii.  280-283; 
'  Beiblatter/  xxiii.  657 
(Abs.) 

4  Proc.  Roy.  Soc.  Dublin ' 
[N.S.],  viii.  711-716; 
•Phil,  Mag.'  [5],  xlvi. 
223-227 ;  *  Science  Abstr/ 
ii.  98  (Aba.) 
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W.  VV.  Campbell    . 
R.  Straubel    . 

C.  Zeiss  . 

C.  Pulfrich     . 

C.  Zeiss  . 
it       •        • 

V.  Schumann. 
E.  A.  Waiting 

J.  H.  White  . 
Sir  J.  N.  Lockyer 

C  Zeiss  . 
H.  Starke 


C.  P.  Butler  . 
C.  S.  Hastings 


INSTRUMENTAL,  1898, 1899, 

The  Mills  Spectrograph  of  the  Lick 
Observatory.  (Oct.) 

Ein  Bcleuchtungs  apparat  fiir  mo- 
nochromatisches  Licht  mit  festcn 
Spalten.  (Oct.) 

Ueber  Quarzspectrographen  und 
neuere  spectrographische  Hulfs- 
apparate.  (Nov.) 


Ueber  ein  Vergleichspectroscop  fiir 
Laboratoriumszwecke.    (Dec.) 


Totalrefractometer  (Krystalrefrac-  | 

tometer)  nach  E.  Abbe.  I 

i 

Verbindung  eines  Dichroscopesmit 
ein  cm  Spectroscop.  i 

| 

Von    den    brechbarsten    Strahlen  | 
und  ihrer  photographischen  Auf-  I 

nuhme.  I 

i 

Ueber  einen  Spectralapparat  zur 
Herstellunir  von  intensivem  mono* 
chrumatibchem  Licht. 

1899. 

Simplified  Apparatus  for  Spectro- 
hcopic  Photography.  (Jan.) 

A  simple  Spectroscope  and  its 
Teachings.  (Lecture,  Feb.  1C.) 


Nones  Refractometer  mit  Krhitz- 
ungscinrichtung  nach  Eykman. 
(March.) 

Kin  Uef  ractomcter  zurBcstirnmunp: 
<les  Brochungsexponenten  von 
Fhissigkeiten  mil  dem  Microscop. 
(toad  April?.) 

On  the  Use  of  Photographic  Films 
in  Astronomical  Photography. 
(April  ) 

The  Michelson  Echelon  Spectro- 
scope. (April.) 

A  new  Type  of  Telescopic  Objective 
specially  adapted  for  Speetro- 
scupic  Use.  (April) 


1  Astrophys.  J.'  viii.  123- 
158;  *  Science  Abstr.' ii. 
91  (Abs.) 

1  Ann..  Phys.  u.  Chem/ 
[N.F.],  Ixvi.  350-352; 
4  Science  Abstr.1  ii.  97 
(Abs.) 

1  Zeitschr.  f,  Instrumenten- 
kunde/  xviii.  325-331  ; 
'Bei blatter'  xxiii.  249 
(Abs.);  'Science  Abstr. 
ii.  346. 

4  Zeitschr.  f .  Instrumenten- 
kunde,'  xviii.  881-383 ; 
4  Beiblutter,'  xxiii.  249- 
250  (Abs.) 

*  Neues    Jahrb.    f.     Min. 
Geol.  u.   Paliiont/   1898, 
II.  G5-67. 

'Neues  Jahrb.  f.  Min. 
(Jeol.  u.  Paliiont.'  1898, 
II.  08-09, 

'Jahrb.  f.  Photog.'  xii. 
20-22;  'Beiblatter/xxii. 
841  (Abs.) 

'  Neues  Jahrb  f.  Mineral.' 
Beilage-Band  xii.  343- 
404;  *  BeibUtter  *  xxiii. 
355-35G  (Abs.) 

« Scientific  American,' Ixxx. 
4:^ ;  •  Science  Abstr.'  ii. 
73V. 

'Nature/  lix.  371-373, 
I  391-393;  '  Zeitschr.  f. 
i  phy<.  u.  chem.  Untefr/ 
xii'.  157-1 58 ,  '  Beibliitter/ 
xxiii.  554-555  (Abs.) 

•  Zeitschr.  f.  Instrumenten" 
knnde,'  xix.  ().'>-74  ; '  Bei- 
bliitter,' xxiii.  707  (Abs.) 

1  Verh.  Dentsch.  phys. 
(K-sellsch.;  i.  117-122; 
'Science  Abstr.'  ii.  596; 
4  Beibliitter/  xxiv.  27--29 
(Abs.) 

'Nature/  Us..  CU. 


1  Nature/  lix.  C07-60D. 

'Amer.  J.  Sci/  vii.  [4], 
267-270;  'Nature/  lix. 
021  (Abs.) ;  •  Science 
Abstr/  ii,  660, 


158 


REPORT — 1901. 


INSTRUMENTAL,  1899, 1900. 

A.  A,  Michelson     .     On  the  Echelon  Spectroscope.  (Read 
June  5.) 


A.  tie  Gramont       . 

S.  A.  Mitchell 

Ph.   Pellin  and  A. 
Broca. 

A.  A,  Michelson     , 

D.  P.  Brace    . 

G.  E.  Hale     . 

C.  Pulfrich    . 

F.  F.  Martens 

W.H.Perkin, 

E.  Beckmann 

L.  Levy .        . 

A.  A.  Michelson,     » 

F.  Wallerant , 

D.  P.  Brace    . 


Sur  un  spectroscope  de  laboratoire 
j\  dispersion  et  i\  6chelle  reglables. 
(Read  June  26.) 


The  direct  Concave  Grating  Spec- 
troscope.    (June.) 


Spectroscope    il     deviation     fixe. 
(June.) 


The  Echelon  Spectroscope.    (Oct.) 


On  a  new  Spectrophotometer  and 
an  Optical  Method  of  Calibration. 
(Nov.) 

Some  new  Forms  of  Spectrohelio- 
graphs.  (Nov.) 

Ueber  ein  neues  Refractometer 
mit  veriinder  lichen  brechendun 
Winkel.  (Nov.) 

Uebcr  eine  Neucon struct  ion  des 
Konig'schen  Spectralphotometer. 
(ilead  Dec.  1C.) 

An  improved  Spectrometer  Scale 
Reader.  (Read  Dec.  21.) 

!  Ueber  die  Erzeugung  leuchtender 
Flammen  zu  spectroscopischen 
Zwecken  mit  Hilfe  der  Electro 
lyse.  (Zeitschr.  f.  Klectrochem. 
v.  327.) 

rometor  von 
L'erot  ('Der 
Mechaniker/ vii,  111-113.) 

Sur  le  spectroscope  a  6chelons. 


Das    InterferenzspecUoi 
Ch.  Fabry  und  A.  Te 


j  Perfectionncment  act  rt'fractomMre 
I    pour  les  cristuux  microsoopiquc!*, 

1900. 

On   a   now  System  for   Spectral 
Photometric  Work.    (Jin,) 


'Trans.    Phil.  Soc.   Cam- 
bridge/ xviii.  316-323. 

'C.R.'cxxviii.  15(5 1-1568; 

*  Beibltitter,'    xxiv.     178 
(Abs.)  ;  « Science  Abstr.' 
ii.  73U. 

'Astrophya.  J.'  x.  29-39; 
1  Nature/  Ix.  302  (Abs.) ; 

*  Science  Abstr.'  ii.  82-i. 

•J.  dePhys.'[31,viii.314- 
319;  *Astrophys.  J.'  x. 
337-312;  •  Beiblattcr/ 
xxiv.  462  (Abs.) ; « Science 
Abstr.'  ii.  (J63. 

1  Proc.  Amer.  Acad.1  xxxv. 
111-119;  M.  de  Phys.' 
[3],  viii.  305-314;  «Bei- 
bhitter,'  ,xxiv.  457-458 
(Abs.) 

•Phil.  Mag.1  [B]xlviii.  420- 
430  ;  '  Bci bhitter/  xxiv. 
458-459  (Abs.) ;  •  Science 
Abstr.'  iii.  1 1-15. 

1  Aatrophys.  J.'  x.  288-290. 

1  Zcit^chr.  f.  In  strum  enten- 
kunde/  xix.  335-339. 

4  Verhandl.  Deutsch,  Phys. 
Gc.sellsch.'  i.  280-281; 

*  Heiblatter/    xxiv.     46G 
(Abs.) 

«J.  Chcra.  Soc/  Ixxvii. 
2U7-29 1;  •  Beibhitter/ 
xxiv.  929-930  (Abs  ) 

'  Beibltitter/  xxiii.  778 
(Abs.)  , 


« Tieibliittcr,'  xxiii.  773 
(Abs.) 

'J.de  Phys/[3],viii.  305- 
314  ;  « Science  Abstr.'  ii. 
740. 

1  Bull.  Soc.  Min.  de  Paris/ 
xxii.  67-69. 


* Astrophys,  J,'  xi,  6-24 ; 
« Beibltitter/  xxiv.  779- 
780  (Abs.) 
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.  V.  Capps  . 


F.  F.  Martens 


C.  Fabry  and    A, 
Perot 


J.  Hartmann  •        • 


C,  J.    Abbot    and 
F.  E.  Fowle 


W.  S.  Adams 
•W.W.Campbell    , 

G.  B.  Rizzo    . 


32,  Beckmann 


H.C.Togel  . 


C.  Fabry    and   A. 
Perot 


J.  Hartmann . 
H.  Lehraann  . 


INSTRUMENTAL,  1900. 

Calibration  of  the  Slit  in  Spectral 
Photometric  Measurements.  (Jan.) 


Bin  Colorimeter  als  Zusetzapparat 
fur  Spectroscope  mit  Wellen- 
langescala.  (Jan.) 

Nouvelle  source  de  lumiere  pour  la 
spectrom6trie  de  precision,  (Read 
Feb.  12.) 

Bemerkungen  iiber  den  Bau  und 
die  Justirung  von  Spectrographen. 
(Feb.) 


A  Prism  of  Universal  Dispersion. 
(March,) 


The  Curvature  of  the  Spectral  Lines 
in  the  Spectroheliograph,    (May.) 

The  Temperature  Control  of  the 
Mills  Spectrograph.    (May.) 


Una  vantaggiosa  disposizione  speri- 
mentale  per  lo  studio  degli  spettri 
di  diffrazione  dei  reticoli  concavi. 
(Read  June  18.) 


Ueber  Spectrallampen,  I.    (June.) 


Description  of  the  Spectrographs 
for  the  great  Refractor  at  Pots- 
dam. (June.) 

Sur  les  sources  de  lumiere  mono- 
chromatique,  (July.) 

Remarks  on  the  Construction  and 
Adjustment  of  Spectrographs.  II. 
(July.) 

Ueber  Spectralapparate  mlt  dreh* 
barem  Gitter.  (July.) 


*  Astrophys  .J/  xi.  25-35 ; 
1  Science  Abstr.'  iii.  302  ; 
« Beiblatter,'  xxiv.  777 
(Abs.)  , 

'Phys.  Zeitschr.'  i.  182- 
183;  « Beiblatter,'  xxiv, 
465  (Abs  )  ;  '  Science 
Abstr/  iii.  G27. 

'  C.R.*  cxxx.  406-409 ; 
4  Beiblatter,'  xxiv.  256 
(Abs.);  'Science  Abstr.' 
iii.  376. 

1  Zeitschr.  f  .Instrumenten- 
kunde,'xx.  17-27,  47-58 ; 

*  Beiblatter,'   xxiv.   459- 
461  (Abs.);  'Astrophys. 
J.'  xi.  400-413. 

'Astrophys.  J.'  xi.  135- 
139;  « Nature,'  Ixi.  597 
(Abs.);  *  Beiblatter/ xxiv. 
993  (Abs.) 

« Astrophys.  J.'  xi.  309- 
311;  «  Science  Abstr.'  iii. 
688. 

'Astrophys.  J.'  xi.  259- 
261 ;  <  Nature,'  Ixii.  137 
(Abs.)  ;  *  Science  Abstr/ 
iii.  687. 

•Atti  R.  Accad.  Torino, 
xxiv.  794-799;  4  Mem. 
Soc.  Spettr.  Ital/  xxviii. 
241-244;  •  Beiblatter/ 
xxiv.  462-463  (Abs.); 

*  Nature/     Ixi.    561-562 
(Abs.) 

'Zeitschr.  f.  physikal. 
Chem/  xxxiv.  593-611; 
'  Chem,  Centr.'  1900.  II. 
801  (Abs.);  •Beiblatter,' 
xxiv/  1282  (Abs.);  'J. 
Chem.  Soc/  Ixxviii.  II, 
701-702  (Abs.) 

'Astrophys.  J/  xi.  893- 
399  ;  4  Nature,'  Ixii.  459 
(Abs.) 

'J.dePhy«/[3],i2C.  369- 
382 ;  '  Nature/  Ixii.  350 
(Abs.) 

1  Astrophys.  J/  xii.  30-47 


'  Zeitschr.  f.  Instrumented 
kunde/  xx.  193-204 ; 
«  Beiblatter,1  xxiv.'  1115.. 
1116  (Abs.) 
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INSTRUMENTAL,  1900— EMISSION  SPECTRA,  189?. 


F»  Pasohen    . 
C.  Fiitsch     . 

C.I  Ullrich    . 
E.  Beckmann 

W.  H,  Wright 
E,  Beckmann 

O.  Lummer    . 


M.  W.  Travera 

O.  Lohse        «       • 

W.  N.  Hartley 


F,  Exner  and    E. 
Haschek. 

CK  B.  Rizzo    . 


Lecoq  de  Boialau* 
dran. 


F,  Exner  and   E. 
Haschek. 


Bin  Geissler'sche  Rohre  mit  Queck- 
eilber  Electroden  zum  Studiurn 
des  Zeemaneffectes.  (Aug.) 

Eine  neue  Spaltvorrichtung  an 
Spectralapparaten .  (  Sept . ) 


Vergleichsspectroscope 
bentechniker.    (Oct.) 


fur    Far- 


Ueber  Spectrallampen.    II.    (Nov.) 


The  Auxiliary  Apparatus  of  tho 
Mills  Spectrograph  for  Photo- 
graphing  the  Comparison  Spec- 
trum. (Nov.) 

Ueber  Spectrallampen,  III.   (Dec.) 


Udber  ncuero  Interferenzrefrac- 
tometer.  ('  Der  Mechaniker/  viii. 
25-28,  37-40.) 

II. 

EMISSION  SPECTRA. 

1897. 

Some  Experiments  on  Helium. 
(Read  Feb.  4.) 

Untersuchung  des  vloletten  Thetles 
ciniger  linienreicher  Metallspec- 
tren.  (Read  March  4.) 

Experiments  on  the  Flame  Spec- 
trum of  Carbonic  Oxide.  (Read 
Mar.  18.) 

Ueber  die  ultravioletten  Funken- 
spectra  tier  Elemente.  VIII. 
(Read  May  13.) 

Ricerche  spettroscopiche  sull' 
argon.  (Read  May  23.) 

Examen  de  quelques  spectres. 
(Read  June  8  and  21.) 


Ueber  die  ultravioletten  Funkcn- 
spectra  der  Elemente,  IX. 
(Read  July  8.) 


1  Pbys. 
480. 


Zeitschr.'  i.   478- 


•Phys.  Zeitschr.'  i.  543- 
544;  'Beiblattcr/  xxiv. 
1117-1118  (Abs.); 

1  Science  Abstr.'  iv.  26. 

*  Zeitschr. f.Instrumenten- 
kunde,'  xx.  299-301  ; 

•  Beiblatter,'  xxiv.   1277 
(Abs) 

'  Zeitschr,  f.  physikal. 
Chem.'  xxxv.  443-458; 
'  Chem.  Centr.'  1901,  I. 
1  (Abs.);"  *  Beiblatter,' 
xxv.  37  (AbF.) 

'  Astrophys.  J.'  xii.  274- 
278  ;  4  Heibliitter,'  xxv. 
39-40  (Abs.) 

4  Zeitschr.  f .  physikal. 
Chem.'  xxxv.  652-H60 ; 

•  Beibliitter/    xxv.    129- 
130    (Abs.);    M.  Chem. 
Soc.'  Ixxx.  II.  81  (Abs.) 

1  Beiblatter,'  xxiv.  [37  ] 
(title). 


*  Proc.  Roy.  Soc.'  Ix.  449- 
453  ;     *  J.    Chem.    Soc/ 
Ixxiv.  II.  375-376  (Abs.) 

1  Sitzungsb.  Akad.  Berlin/ 
1897,  179-197. 

4  Proc.  Roy.  Soc.Mxi.  217- 
219;  4J.  Chem.  Soc.1 
Ixxiv.  II.  361-362  (Abs.) 

*  Sitzungsb.  Akad.  Wien,' 
cvi.        Il.a,        337-356; 
'Science  Abstr.'  i.  195. 

«Atti  R.  Accad.  Torino/ 
xxxii.  570-579  ;  4  Bei- 
bliitter/  xxii.  666  (Abs.) 

'C.  R.1  cxxiv.  1288-1290, 
1419-1421  ;  «  Chem. 
News/  Ixxvi.  46-47 
(Abs.) 

*  Sitzungsb.  Akad.  Wien/ 
cvi.       Il.a,        494-520; 
'Science  Abstr/ i. 248, 
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A,  de  Gramont 


II.  L.  Callondar  and 
N.  N.  Evans. 

A,  L,  Koloy    . 
It.  Konen 


tt. 

J.  R.  Kydberg 

S.  Korsling     . 

F.    Exner   and 
Hasehek. 

II.  Wilde 

E.  Iluncken    . 


EMISSION  SPECTRA,  1897,  1898. 

Sur  le  spectre  du  carbone.  (Read 
July  19.) 

Sur  le  spectre  des  lignes  du  car- 
bone  dans  lea  sels  fondus.  (Read 
July  26.) 


4  C.  R.'  cxxv.  172-175. 
4  C.  R.'  cxxv.  238-240. 


The  Behaviour  of  Argon  in  X-ray 
Tubes.     (Aug.) 

Arc  Spectra.    (Sept.) 


i  Ucbcr  die  Sper.tren  des  ,Tod.  (Bonn 
Dissertation,  Oct.  18fJ7.) 


ITntersuchungpn   iiber  die  Spectra  , 
der  Metalle  imelectrisohcn  Flam- 
men  x>gen.      IV.      Spectrum   des  I 
Mangans.     (Read  Nov.  10.) 


'Nature/     Ivi.     024-025; 
•  P>rit.  Assoc.  Rep.'  1897, 
I     5X1  (Abs.) 

1  *  Phys.  Review/  v.  129- 
|  151  ;  •  Science  Abstr.' 
1  i.  55. 

'  Ann.  Phys.  u.  Chem.' 
[X.K.],  Ixv.  257-28tf;  'J. 
Chem.  Soc.'  Ixxiv.  II. 
•193  (Abs.);  'Nature/ 
hiii.  335  (Abs.) 

'  llandl.  k.  Svensk.  Vet. 
Akad/  xxx.  20  pp. 


The  New  Series  in  the  Red  Spec 
trum  of  Hydrogen.     (Nov.) 


:  'Astrophys.    J/  vi.    233- 
2IJ8;  'Nature/  Ivii.   157 
j     (Abs.) 

Om  Praseodidymcns  spectra.  (Read  i  '  Hihang  till  K.  Vet.  Akad. 

Doc.  H.)  ''     llandl.'     xxiii.     Afd.    i. 

;  ;     No.    5,    20    pp.;     'Bei- 

;  ;     blotter/  xxiii.  48  i  (Abs.) 

tTi'bor  die  ultraviolet  ten   Funken-  !  '  Sitziinjrsb.  Akad.  Wien/ 
speetiador  ElfmenU'.     X,    ^Ht-ud        cvi.  U  a,  1127-1 152. 

i 

1  On  New  Spectral  Lines  of  'ho^cn.  '  'Chem.  News/  ixxvi,  LV8 

|     (Dec)  *  | 

!  Untersuchunpf  fiber  das  Lini<^n-  !  'Zt-itaclir.  f.  Jinorp;.  Them/ 
j  spectrum  des  Schwefels.  (^Dib-  ;  xviii.  J<(5  (Abs.)  ;  4  Chem. 
i  bert.  Helfcingfurt,  52  pp.)  i  Centr.'  Ib9l5,  II.  1004 

(Abs  )  ;          •  Beibliitter/ 
•     xxni.  9G-97  (Abs.) 


1808. 


J.    M.    Kder    and  ;  Das  Linien-speotruin  des  Silicium,     '  Sitzun^sb.  Akad.  Wlen/ 


K.  Valeuta. 


Birkeland 


M.  Ilamy 


1901. 


(Read  Jan.  13.) 


Sur  lo  spectre  des  rayons  catho- 
diqucs.     (Read  Jan.  17.) 


Sur  le  spectre  du  cadmium 
uu  tube  i\  vide.     (Head  Jan.  17.) 


cvii.  ll.a,  41-43;  '  Bei- 
blatter/  xxii.  774  (Abs.)  ; 
•Chom.  Centr.'  1898,  I. 
1095  (Abs.)  ;  '  Chem. 
News/  Ixxvii.  206. 

»C.   K.'    cxxvi.    228-231; 

' Beibliitter/  xxii.  174- 
175  (Abs.) 

•C.  11.'  cxxvi.  231-234; 
4  r»eiblatter/  xxii.  153 
(Abs.)  ;  '  Chem.  News/ 
Ixxvii.  71  (Abs.);  »J. 
Chom.  Soc.1  Ixxiv.  II. 
321  (Abs.) 

M 
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A.    Perot    and    C, 
Fabry. 


F.   Exner    and    E. 
Haschek. 


A.  Schuster    . 


H.  Kayser 


H.  Rubens  and  E. 
Aschkinass. 


E.  Demarcay 


G.  C.  Schmidt 


H,  A.  Rowland  And 
C.  N.  llarrison. 


W.     Ramsay    and 
M.  W.  Travers. 


H.     Moissan    and 
H.  Deslandres. 


C.  Fabry   and    A, 
Peiot. 


\V.     Ramsay    and 
M.  YV.  Travers. 


T,  N.  Thielo 


EMISSION  SPECTRA,  1898. 

Etude  de  quelques  radiations  par 
la  spectroscopie  interf6renticlle. 
(Read  Jan.  31.) 


Ueber  die  ultra  violet  ten  Funken- 
spectra  der  Elemente.  XI.,  XII., 
XIII.,  XIV.  Mitth.  (Head  Feb.  10, 
July  7,  Dec.  15.) 


Profs.  C.  Runge  and  F.  Paschcn's 
Researches  on  the  Spectra  of 
Oxygen,  {Sulphur,  and  Helen ium. 
(Feb.) 

On  the  Arc  Spectra  of  the  Plati- 
num Group.  IM  II.  (Fob.) 

Beobachtungen  iibcr  Absorption 
und  Emission  von  Wasserstoff 
und  Kohlen&nure  ira,  ultraroten 
Spectrum.  (March.) 

Sur  le  spectre  et  la  nature  du 
nlodyme.  (Read  April  4.) 


Sur  les  radiations  6miscs  par  le 
thorium  et  ses  composes.  (Head 
April  23.) 

The  Arc-spectrum  oC  Vanadium, 
(April.) 


Arc»spectra  of  Zirconium  and  Lan* 
than  urn.    (May.) 

On  a  new  Constituent  of  Atmo- 
spheric Air.    (Read  June  9.) 


Recherche*  spectrales  sur  1'alr 
atmosph6rique.  (Scaled  packet 
deposited  May  11,  1800;  evened 
and  read  June  13,  1808.) 

Sur  1'etude  des  radiations  du 
mercure,  ot  la  ruesure  do  lourn 
longueurs d'onde.  (Read June  1IJ.) 

On  the  Companions  of  Argon 
(Read  June  10.) 


Resolution  into  Series  of  the  Third 
Band  of  the  Carbon  15 and  Spec- 
trum* 


'C.  R.'  cxxvi.  407-410; 
*  Nature/  Ivii.  35!)  (Abs.) ; 
'Science  Abstr.'  i.  247; 
« Beibliitter/  xxiii.  20-30 
(Abs.) 

1  Sitzungsb.  Akad.  Wien,' 
cvii.  102-20G,  702-812, 
813-837,  1335-1380; 
'Wien.  Ariz.'  1808,  182 
(Abs.) 

•Nature,' Ivii.  320-321. 


'Astrophys.    J.'   vii.   03- 
113,  173-197. 

•Ann.     Phys.    u,    Chem.1 
[N.F.]  Ixiv.  5.s  1-001. 


'C.  R.'  cxxvi.  1030-1041} 
'Chem.  Centr.'  1898,  I. 
101  (Abs) 

4  C.  R.'  cxxvi.  12(54. 


J.'  vii.  273- 
20-1 ;  '  JJeiblatter,'  xxii. 
841-  8 12  (Aba.) 

'  Aatrophys.  J.'  vii.  373- 
380. 

4  Proc.  Roy.  Soc.'  Ixiii. 
405-  108  ;  '  Chem.  News,' 
Ixxvii.  287 ;  •  Nature/ 
Ivlii.  127-128. 

•0.  R.'  cxxvi.  1G80-1G01; 
« Chem.  Centr.'  1808,  II. 
82  (Aba.) ;  '  Chem.  News/ 
hxvii.  288. 

'C.  R.'  cxxvi.  170(5-1708; 
1  Science  Abstr.'  i.  010; 
4  Moiblattcr/  xxiii.  781 
(Abs.) 

•Proc.  Roy.  Soc.' Ixiii.  137, 
4-10 ;  '  Chem.  News/ 
Ixxviii.  1  2;  'Nature/ 
Iviii.  182-183. 

'Astrophys.  J.' viii.  1-27; 
4  Rcibliitter,'  xxiii.  357 
(Abs.) 
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L.  E.  Jewell  . 


EMISSION  BPHCTRA,  1898. 

The  structure  of  the  shading  of 
the  II  and  K  and  some  other  lines 
in  the  .spectrum  of  the  sun  and 
arc. 


J.     M.    Edcr    and  .  Spcctralanalyse     der 
E.  Valenta.  i     flamme.     (Head  July  7.) 


I'ebcr    das    Funken.spcctrum    dc« 
I     Calciums  und  des  Lithiums,  und 
seme     Verbreitorunf!S    und    Ihii- 
1     kehruntfherscheinungen.       (Head 
|     July  1.) 

A.Schuster    .        .     The  Spectrum  of  Met  argon.  (July.) 


\V.  Kamsay,  M.  W.     The^»  ictrumof  Melargon.   (July.)  j 
Travcrs,  and   E. 
C.  C.  Italy. 

K.Nasmi.F.  Ander-     Tcrrolriiil  Coroniuin,    (July.) 
lini,  and  11.  Sal-  , 
vadon. 


A.  Kaliihne 


J.  Dewar 
K.  S.  Hntton 


II.  Erdmann  . 

E.  C.  C.  Baly 
Sir  W.  Crookea 


Uober  die  Spectra  einigrrElemente 
bfi  di-r  sletitft'n  Gliiiiment- 
laduni*  in  (Jei.sslerVhen  Huhren, 
und  die  Ablmiitfiiikeit  der  Licht- 
strahlung  von  Stromstiirke  und 
Druek.  (July.) 

Mctargon.     (Aug.) 

The  Compound  Line  Spectrum  of 
Hydrogen.  (Sept.) 

j 

Uebcr  die  farlrige  Ahhildanp  der 
Emissionsspcctra.  (Sept.) 

Helium  in  the  Atmosphere.   (Sept.) 
|  Helium  in  the  Atmosphere.    (Oct.)  ' 


J.    M.     Eder    and     Ueber    das    rothe    Spectrum    des 
E.  Valenta.  Argons.    (Read  Oct.  24.) 


Mittlicilung  ubcr  das 
des     Chloih.       (Road 


1  Johns  Hopkins  Univ. 
Circ.'  xvii.  62-(j:j  ;  «  Astro- 
phys.  J.'  viii.  51-5:',; 
4  Beibltitter/  xxiii.  350- 
JiGO  (Abs.);  Mature,1 
Iviii.  280  (Abs.) 

'Denkschr.  Akad.  Wien,1 
Ixvii.l2pp.:  *  lieiblatter/ 
xxiii.  251-202  (Abs.) 

4  Denkschr.  Akad.  Wien,' 
Ixvii.  11  pp.;  'Chem. 
Centr.'  185IK,  II.  1118 
(Abs.);  '  Beibhitter,'  xxiii. 
250-251  (Ab&.) 

*  Nature,'  Iviii.  10(,>f  2GO- 
270  ;  *  Bciblattor;  xxii. 
5i;!-511,  772-773  (Abs.) 

•Nature,'   Iviii.    245-2-10; 

•  Bfibliitter/xxii.  772-773 
(Abs.) 

4  C'hom.  News,'  Ixxviii.  43 
(from  the  *  Times'  of 
July  20);  '  Heiblatter,' 
xxii.  812  (Abx.) 

4  Ann.  Ph}«.  u.  Chem.1 
(N.F.J,  Ixv.  815-84«; 
M.  ("hem.  Soc.'  Ixxiv.  II. 
r>l»  (Abs):  'Science 
AbstiV  ii.  14. 

'Nature.1  h  Hi.  310. 

•Phil.  Mag.'  [5],  xlvi.  :ttS- 
;U;J;  »J.  Chem.  Soc/ 
Ixxvi.  11.  3  (Abs.); 
'('hem.  C'entr.'  18HS»,  I 
12  (Abs.) 

'  Natunv.  Kundschau,'xiii. 
405-407. 

•  Natme,1  hiii.  515. 

*  Nature,        Iviii.        570; 
4  Chem.    News,'    Ixxviii. 
1U8-P.W. 

*  Monatsh.   f.  Chem.'  xvi. 
W>,§U8S»ri:  M.  Chem.  Soc.1 
Jxxiv.  II.  2-i(Abs.) 

«Wien.   An/..'    1M>8,   252- 


Spectrum 
;    Nov.  17.) 

G.  D,  Llveing         .     On  the  Flame-spectrum  of  Mercury,  • 
and  its  bearing  on  the  Distribu- 
tion of  Energy  in  Gase&    (Head 
i     Nov.  28.)  ' 

W.  llamsay  »     The  Spectrum  of  Krypt  i 


Proc.  Phil.  Soc.  Cam- 
bridgo,'  x.  38-48;  l  Hei- 
bhitter,'  xxiii.  781  (Abs.); 
•  Nature,'  lix.  142  (Abs.) 

Nature/  lix.  63. 

M  2 
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i  Trowbridge 


15.  Demar^ay . 


P.  Curie,  Mme. 
Curie,  and  O. 
Beiuont 


E.  8.  Ferry 


J.    M.    Eder    and 
E.  Valenta. 


EMISSION  SPUCTBA,  1898,  1899. 

Some    "Results    obtained    with   a  ! 
Storage  Battery  o£  Twenty  Thou- 
sand Cells.   (Address  at  a  meeting 

of  the  Ainer.  Acad.  Deo.  14.)  I 

Sur  le  spectre  d'une  substance  radio-  | 

active.    (Read  Dec.  2(>.)  | 


Sur  une  nouvelle  substance  forte- 
ment  radio-active  contenue  dans 
la  pechblende.  (Read  Dec.  2(5.) 


A  Photometric  Study  of  the  Spectra 
of  Mixtures  of  Gases  at  Low  Pres- 
sures. (Dec  ) 

Die  Spectren  des  Schwofels. 
(•  Dcnkschr.  Akad.  Wien,'  Ixvii. 
97-151.) 


'Proc.  Phys.    Soc.'   xvil. 
(J51-663  ;  '  Nature,*  Ixii. 


C.  R.f  cxxvii.  1218; 
« Chem.  Centr.'  1900,  I.  4 
(Abs.)  ;  '  J.  Chem.  Soc.' 
Ixxviii.  II.  83  (Aba.) ; 

•  Chem.  News,'  Ixxix.  13. 

•C.  II.1  cxxvii.  1215-1217; 
'  Chem. News,'  Ixxix.  1-2  ; 

•  Nature,' lix.  232  (Ata.); 

4  Science  Abstr.'  ii.  280. 

1  Phys.  Review,1  vii.  291J- 
30G;  •  lieiblatter,'  xxiii, 
231  (Abs  ) 

'  13eibliitter,'xxii  773(Abs.) 


Mme.  S.  Curie 


A.  Schuster  and  G.  ' 
Hemsalech.  ' 


J.  W.  Richards 


J.     M.     Eder    and 
E.  Valenta. 

L,  E.  Jewell  . 


C.    Fabry  and   A. 
Perot. 


A.    Perot    and    C. 
Fabry. 

C.  Runge 


W.W.Campbell    . 


1899. 

Les  rayons    dc    I.ecqucrcl    et    le 
Polonium.     (Jan.) 

The  Constitution  of  the  Electric 
Spark.     (Read  Feb.  2.) 


Noli;  on  the  Spectra  of  Hydrogen.  ' 
(Fob.)  1 


Das  Spectrum  des  Chlors.     (Read  ' 
April  13) 

Notes  on  the  Papers  of  Hartley  and 
Raii'ji  -i;  n  incoming  the  Spectrum 
of  (;;:11iiiiii  and  the  Spectra  of 
Meteorites.  (April.) 

Sur  unc  source  intense  de  limm-rc 
monochromatique.  (Read  May  8.) 


Sur  Talinientation   dos    tubes   de 
M.  Michelson  par  diverges  sources  i 
filcctriques.     (Read  May  15)  | 

On  the  Red  End  of  the  Red  Argon 
Spectrum.    (May.)  | 


A  Comparison  of  the  Visual  Hydro-  | 
gen  Spectra  of  the  Orion  Nobula  , 
and  of  a  Geissler  Tube.  (May.)  ' 


*  Rev.  gun    des  Sciences,' 
x.  ll-f>0;  'Cliem.  News? 
Ixxix.  77-7N  (Abs) 

*Pror  Roy.  Soc/  IxU 
:i:{l-:WJ;  'Xatuio,'  lix 
:ir>()-;552:  4Clu»m.  Nows, 
Lxxix.  G2-64. 

1  Ainer.  Chom.  J.1  xxi. 
172-171;  '('hem.  Centr.' 
IHOi),  1.  6.r,t)  ^AbK.);  *J, 
Chum.  Soc.1  Ixxvi.  II. 
2M  (Abs.)  ;  •  Chem. 
News,1  Ixxix.  15i)-KJO. 

1  Denkschr.  Akad.  Wicn,' 
Ixviii.  437- 1 17. 

4  A^trophys.  J.'  ix.  242J>- 
2:50;  » JlciMutter,1  xxiii. 
78»  (Abs  ) 

*C.  R.J  cxxviii.  ll'iO- 
llfiS;  4J.  (Jhem.  Soc.1 
Ixxvi.  H.  2IJ1  (Abs); 
'  Science  Abstr/  ii.  651). 

'C1.  R.f  cxxviii.  1221- 
122,'J;  'Science  Abstr/ 
ii.  508. 

'Astrophys.  J.J  ix.  281- 
283  ;  '  Science  Abstr.1  ii. 
82:t;  <  Beibliitter,'  xxiii* 
780  (Abs.) 

'Astrophys.  J.'  ix.  312- 
:U<>;  •  lifihliitter/  xxiii. 
7D:)-7iM  (Abs.) 
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Exncr    and    E. 
Haschck. 


EMISSION  SPECTRA,  1890. 

Ueber  die  ultraviolet! en  Funken-  ,'  'Sitzunghb.  Akad.  Wien.' 
spectra  dcr  Elemente.  XV.  (Read  i 
June  15.) 


cviii.      Il.a, 

4  Bcjibliitter/  xxiv.    10',)- 

110  (Abs.) 


Uebor  <lic  ultraviolet  ton  Funken- 
spcctra  dor  Elemente.  XVI, 
XVII.  (Head  June  15.) 


'Sitzung&b.  Akad.  Wien, 
csiii.  II.a,  1071-1121, 
11 23-1 151,  1252-12(>6; 

4  Science  Abstr.'  ii.  782- 
7S3. 


J.  AT.  Eder  and  E.  '  Das  Spectrum  des  Broms.     (Ucad     '  Penksclir.  Akad.  Wien,' 


Yalenta. 


July  (i.) 


G.  A.  Homsalecb    .     Sur    les 


C.  llnngo 


E.  T,  Lewis    . 


H.  Nasini,  K.  An- 
derlini  and  11. 
Salvador!. 


Sir  J.  N.  Lockycr 


spectres    des 

(Head  July  3J.) 


The  Spectra  of  Krypton.    (Aug.)  . 


The  Spectral  Sensitiveness  of  Mer- 
cury in  an  At mospbcrc  of  Hydro- 
gen, and  its  influence  on  the 
hpcctrum  of  tbi1  latter.  (Sept.) 

Ueber  den  Einllnss  kloiner  T'eimon- 
guiigen  zu  einem  (Jas-e  auf  dessen 
Spectrum.  (Oct.) 


Sopra  alcuno  righe  non  mai  osser- 
\ate  nella  regionr  ultrarossitlrllo 
spot tro  doll*  ar^o.  (Head  Nov.  I'.).) 


Note  on  the  Spectrum  of  Silicium. 
(Head  Nov.  23.) 


Jxuii  ol'3-5:JO;  '  liei- 
bliitter,'  *xiv.  2()0_2r,2 
(AU);  *J.  ('horn.  Soc.' 
l.xxMii.  II.  330  (Abs.) 

'('.  If  cxxix.  2RS-28R; 
'J.  de  Phys.'  f»].  >iii. 
Gj2-OGO:  »15dbliitter,' 
xxiii.  1050-1051  (Abs.) 

•  Nature/  Ix.  860  (Abs.) 

•  Science  Abstr.'  ii.  S5H. 

^Astroiibys.  J.'  x.  7IU7i> : 

•  Beiblattcr.'xkir.lOS-lOb 
(Abs.)  ;  '  Science   Abstr.* 
iii.  20. 

«Riit.   Assoc. 
G60.HG1. 


•Ann.  Phys.  n.  Them/ 
[N.  F.],  Ixix.  B08.42.1); 
*  J.  Chem.  Soc.'  Ixxviii. 
II.  1-2  (Abs.);  'Nature/ 
Ixi.  y,'J  (Abt>.) 

'ttend.K.Accad  d.Liiicoi1 
[:>],  Niii.  II.  2W-271; 
4  (iazz.  cbiin.  Ital.'  xxx.  I. 
18S>-1S)1  ;  *  J.  Them.  Soc.' 
Ixxviii.  11.  1SI  (Abs.); 
•Beibl:ittor/xxiv.259-2«0 
(Abs.) 

4  Proc.  Hoy.  Soc.'  Ixv.  449^ 
liil  ;  'Nature/  Ixi.  2«2- 
2G3;  '  P.oibhitter/  xxiv. 


A.  "Wullncr    .        .     Ueber  die  Spectra  derCana  1st  rablen 

I     und  dcr  Cathodenstrahlen.  (Pec.) 

B.  Hasselberg         .     Untcnrachungen  iiber  die  Spectra 

der  Metallo  im  eloctriscbon  Flain- 
1  monbogen.  V.  Spectrum  ties 

Vanads.  (' Handl.  Svonsk.  Vrt. 
•  Akad.'  xxxii.  No.  2,  32  pp.) 

H.  Lehmann .        .     Die     ultraroten     Spcctren      der 
Alkalien.        ('  Arcb.      f. 
rbotogr.'  ii.  210-222.) 


•Thys.  Zeitscbr.'  i.  132- 
l.si;  'Science  Abstr.'  ii. 
531. 


»Boiblsittor/ 
(Abs  )  ;  '  Astropliys.  J.?  x. 
313  3G1  ;  *  ScienceAbstr/ 
iii.  WS. 


4  Beibliitter,1 
(Abs.) 


xxv     27-28 
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L.  Kummel    . 

The  Spectra  of   Oxygen,  Sulphur, 

•  Beibliitter,5     xxiv.     180 

and  Selenium.  ('  Trans.  Hoy.  Soc. 
Victoria   [2],  xii.  11-17.) 

(Abs.) 

1900. 

B.  1'ribram    . 

Uebei  das  Austrium.  (Head  Jan.  4.) 

'Sitzungsb.  Akad.  Wien,' 

c  i  x.      1  1.  n,      1  6  -  2  3  ; 

*  Monatsh.'  f.  Chem.  xxi. 

IIH-165;  'Chem.  Centr.' 

1900,  I.  346  (Abs.);  'J. 

Chem.    Soc.'   Ixxviii.  II. 

347-318  (Abs.) 

F.   Exner    and  E. 

Ucber  die   nltra\ioktten  Funkon- 

1  Sit/ungsb.  Akad.  Wien/ 

Haschck, 

spootra   dor    Klemente.      XVIII. 

cix.  I  La,  103-169. 

und  Gadolinium.]     (Read  Fob  1.) 

C.    Fabry   and   A. 

Sur  la  constitution  des  raies  jaunes 

'C.     11.'    cxxx.    653-655; 

Perot. 

du  sodium.     (Head  March  5.) 

1  Beibliitter/    xxiv.     674 

(Abs.)  ;  *  Nature/  Ixi.  483 

(AbO  ;   4  Science  Abstr.' 

iii.  371). 

! 

A.  T/i'l-nliei..   and  '  IVbor      das       Krypton.        (Head      '  Sitzungsb.  Akad,  Berlin.' 

C.  Kiugel.                   March  22.)                                                1900,212-217;    'Chem. 

! 

1     Centr.1   1900,  I.  915-916 
fAbs.'l:    '  Chora.    News' 

B.  Hasselberg 
E.  Goldstein  . 
V.  Schumann 

W.  Muthmaun  and 
E.  Bauer. 

C.  C.  Schenk  . 
W.  B.  Huff     . 


I  Note  Mir  les  spool  re^  des  deeharges 
I  oscillnntes.  (March.) 

i  Ueber  Spectra  von  Gasgemengen 
;  undvon  Entladungshiillen.  (Read 
i  May  11.) 

|  A  second  Spectrum  of  Hydrogen 
j  bej  ond  A  =  1 85  ju/x.  (May.) 

TCinigc:  Beobachtungen  iibor  Lumin- 
(.•soenzspeotren.     (Read  June  ,1  ) 


{Some  Properties  of   the   Electric 
ypark  and  its  Spectrum.    (June.) 

The  Spectra  of  Mercury.    (June.) 


G.  A.  Hemsalech    . 


Gcber    das    Bandenspectrum    des 
Aluminiums.     June.) 


Ixxxi.  205-207. 

'  J.  de  Physf  [3],  ix.  Ifffl 
155  ;    *  Bei  blatter,'  xxiv. 
472  (Abs.) 

1  Verh.     Deutsch.     Phys. 
Gesellsch.'  li.  110-112. 


'AMrophys.  J.'  xi.  312- 
313  ;  '  Beibliitter/  xxiv. 
910  (Abs.) 

1  Hor.'  xxxiii.  17-1H-1763  ; 
'Chem.  Contr.'  1900,  II. 
233-234  (Ab.s )  ;  •  Bei- 
blattcr/  xxiv.  1126-1127 
(Abs.) 

'  Johns  Hopkins  Univ. 
Circ.'  xix.  < 


'  Johns  Hopkins  Univ. 
Ciro.'  xix.  62  ;  *  Astro- 
phys.  J.1  xii.  103-119; 
4  Ikibliitter,'  xxiv.  1293 
(Abs.);  'Science  Abstr: 
iii.  950-951. 

'Ann.  der  Phys.'  [4],  ii. 
331-334;  'Science  Abstr.' 
iii.  690;  'Nature,'  Ixii. 
335  (Abs.);  'Chem.Centr.1 
1900,  II.  86  (Abs.) 
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B,  Dcmarcay  ,        .     Sur  lo  spectre  du  radium.    (Ecad 
July  23.) 


Sur  le  gadolinium.  (Read  July  30.) 


K.  Exnor   and   E.  !  Note  on  the  Spectrum  of  Silicon. 


HnscJiek. 
E.  Dcmar<;ay  . 


C.  J.  Rollefson 
C.  Range 

J.  Trowbridgo 

II.  Crew 

II.  Kayser      . 
Sir  J.  N.  Lockvor 


(.July.) 

i 

i  Sur    qnclques    nouveaux    spectres 
i    des  terre.s  rares.    (Head  Aug.  0.) 


[  Spectra  of  Mixtures.    (Aug.) 
Teber  das  Spectrum  des  Radiums. 


The   Sppotrum  of   Hydrogen  and  i 
the  Spectrum  (if  Aqueous  Vapour, 


On  the  Arc  Spectra  of  some  Metals 
as  influenced  by  an  Atmosphere  uf 
Hydrogen.  (Oct.) 


Nonunion  aus  dcm  Uogenspoctrum 
dos  Kisons.    (Oct.) 


« C.  R/  cxxxi.  258-259  ; 
'Reibliitter/  xxiv.  1121 
(Abs.);  'J.  Chem.  Soc. 
lxxviii.II.580(Abs.) 

'C.  R/  cxxxi.  343-315; 
1  Chem.  Contr.'  1900,  II. 
557(Abs.);  'Chcm.News,' 
Ixxxii.  97-98. 

*  Astrophys.  J/xii.  48-49; 
1  Snencc  Abstr/  iii.  950. 

•C.  R/  cxxxi.  387-889; 
M.  Chem.  Soc/  Ixxviii. 
II.  05(5  (Abs.)  ;  l  Science 
Atatr.'  iii.  Ml ;  •  Chem. 
News/ Ixxxii.  127. 

'Phys-  Review/  xi.  101- 
10J. 

'  Ann.  dcr  Phys/  [4],  iii. 
7*2-715;  'Nature/  Ixii. 
5GS  (Abs.)  :  *  Science 
Abstr/ iii.  853-854. 

'Amor.  J.Soi/[4],x.22*2- 
230;  'Naturo/  Ixii.  5(iK 
(Abs.V,  -Phil.  Mag/ [5], 
1.  338-3*7;  '  J.  Chem. 
Soc/  Ixxviii.  II.  701 
(Abs.) 

4  Phil.  Mag/   [5],  1.  497- 
,     50.") ;  *  Astrophys.  J/  xii. 
107-175;  *  Nature/  Ixiii. 
Ill    (Abs.)  ;     *  Science 
Abstr/i\.24. 

'Ann.  dor   Phys/  [1],  ii. 
1     ]  .iri.203. 


I  Noto  on  tho  Spoclrum  of  Silicium.  \  'True.    Roy.    Soc/    Ixvii . 
I     /KoadXov  ")  !     402-409:  •  Chem.  Centr. 

i     v  !     liH)l,I.  430  (Abs.) 

W.     Rainsav     and  |  Argon  and  it>  Companions.     (Head  j  'Prop.    Roy.    Soc/    Ixvii. 

M.W.Tnivers.      |     Nov.  15.)  ;     329-333  (Abs.) 

E.  Demaroay.        .  !  Sur  IPS  spoolrps  du  samarium    et  j  '  C    R/    cxxxi.  995-998; 
du  gadolinium.    (Read  Dec.  10)    '     •  Heiblatter/  xxv.l 93-194 
*  '     (^Abs.)  ;    'Choin.    News/ 


G.  D.  Liveing  and 
J.  Dowar. 


G.  Berndi 


j    Ixxxiii.  11  (Abs.) 


On  the  Sped  rum  of  the  moro  Vola-  \ '  'Proc.  Roy.  Soc.  Jxvn. 
tile  Uases  of  Atmo^pliprlc  Air,  i  ir.7-474;  'Cnom.Ncws, 
which  are  not,  condensed  at  the  ,  Ixxxin.  1-2.  W-IB >  ; 
Temperature  of  Liquid  Hydrogen.  ;  'Nature,  Ixm.  189-190 
PreliminaryNotice.  (Read  Dec.  1 3.)  j  (Abs.) 
ITtfber  die  Spectra  von  Radium  I  •  Phy&ikal.  Zeitschr/  ii. 
und  Polonium.  (Dec.)  I  ™"-W  J  '  Bciblatter/ 

v        f  \    xxv.38-39(Abs.);*Chem. 

News/    Ixxxiii.    77-78  ; 
'    '  Science  Abstr/  iv.  225. 
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W.  N.  Hartley 


II.  Lehmann 


G.   Kriiss 
Tbiele. 


and   E. 


G.  Dimmer    . 


D.  F.  Harris  . 


W.  N.  Hartley  and 
J.  J.  Dobbie 


G.  Urbain 


0,  Boudouard 


C.  A.  Scbunok 


II.  Rubens  and  E. 
Aschkinass 


V.  Arnold 


Spectrum  of  Cyanogen. 

Die  ultraroton  Spoctren.  (Frei- 
burg i.  B.  Univ.  Buchdr.  Chr. 
Lehmann  Nachf.,  13  pp.) 

III. 

ABSORPTION  SPECTRA. 

1894. 

Ueber  die  Losungzustand  des  Jod, 
und  die  wahrscheinliche  Ursache 
der  Farbenunterachiede  seiner 
Losungen.  (.Jan.) 

1897. 

Ueber  die  Absorptionsspectren 
von  Didymsulfat  und  Newlyin- 
ammonnitrat.  (Head  Dec.  16.) 


4  Proc.  Roy.  Soc.  Dublin,1 
ix.  289-297. 

1  Beibldtter,'   xxiv.    1119- 
(notice,) 


'  Zeitsohr.  f .  anorg.  Chem.' 
vii.  o2-81  ;  l  J.  Chem. 
Soc.'  Hvi.  IT.  415-416 
(Abs.) 


*  Sitzungsb.  Akad.  \Vien. ' 
cvi.  Il.a,  1087-1102, 


1898. 

Some  Contributions  to  the  Spectro-  j  '  Proc.    Roy.    Soc.    Edin.' 
scopy   of    II.i  -..._'  .'..in    and    its'     xxii.  187-208. 
Derivatives.     ^liV.vl  \\  \  .  7.) 


The  Ultra-violet  Absorption  Spectra 
of  some  Closed-chain  Carbon  Com- 
pounds. (Read  Feb.  17.) 

Notes  on  the  Absorption  Bands  in 
the  Spectrum  of  Benzene.  (Read 
Fob.  17.) 


Sur  une  nouvelle  ra6thode  de  frac- 
tionnement  des  terres  yttiiques. 
(Read  Mar.  14.) 


Sur  le  neodyrno.    (Read  Mar.  21.) 


A  Photographic  Investigation  of 
the  Absorption  Spectra  of  Chloro- 
phyll and  its  Derivatives  in  the 
Violet  and  Ultra-violet  Region  of 
the  Spectrum.  (Read  Mar.  24.) 

Beobachtungen  iiber  Absorption 
und  Emission  von  Wasserdampf 
und  Kohlensiiure  im  ultrarothen 
»Spectrum.  (March.) 

Ueber  die  Heller'sche  P/obe  zum 
Nachweis  des  Blutfarbstoffes  im 
Uarn.  (March.) 


*J.  Chem.  Soc.'  Ixxiii.  I., 
51)S_.«or»;  *Chem.  News,' 
Ixxvii.  10.'}  (Ab.s.) ;  '  Na- 
t lire-,'  1  vii.  430  (Abs.) 

'J.  Chem.   ftor.'  Ixxiii.  I. 

,     «)93  «'J7;  •Chcni   Centr.1 

J89J),I.  19S-19I);  'Chem. 

j     News,1  Ixxvii.  103  (Abu  )  ; 

I     *  Science  Abhtr.'  ii  739. 

I  <C  H.'  cxxvi.  835-838; 
•Chem.  Centr.'  18U8,  1. 
879  (Abs.) ;  '  Chem. 
News,'  Ixxvii.  147-148 
(Abs.) 

« C  R.'  cxxvi.  900-901  ; 
'Chem  Contr.'  1898,1. 
983  (Abs.);  *Chem. 
News,'  Ixxvii.  193. 

'Proc,  Roy.  Soc.'  Ixiii. 
389-390;  M.  Chen,. 
Soc.' Ixxvi.  II.  540  (Abs.) 


'Ann.  Phys.  u.  Chem. 
[N.F.],  Ixiv.  584-601; 
*  Nature,' Iviii.  93  (Abs.) 

•Bcrl.  Klin.  AVochensch. 
xxxv.  283-285;  •  Chem. 
Centr.1  1898,  I.  1002, 

(Ab3.) 
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ABSORPTION  SPECTRA,  1898, 1890. 


JJ,  Demarcay . 

R.  Zsigmondy 
E.  Angstrom . 


Sor  le  spectre  et   la   nature 
neodyme.    (Read  April  4,) 


du 


A.       Etard       and 
Bouilhac    . 

R.  von  Zeynek 


G,  D.  Liveing 

K.  Pcusscn     . 

S.  Forsling    . 

K.  Ibsen 

G.  J.  Kalz      . 

0.  von  Scheele 

II.  Krcuslor    . 
P.  Baccei 


Ueber  wiisserige  Losungon  metal- 
lischen  Goldes.    (April.) 


Om  absorptions  fermogen  hos  en 
sotadyta.    (Head  May  11.) 


I'r6sence  des  clilorophylles  dans  un 
Nostoc  cultiv6  a  Tabri  dc  la 
lumierc.  (Read  July  1 1 .) 

Ueber  das  Uamochromogen.  (July.) 


On  the  Variation  of  Intensity  of  j 
the  Absorption- Bands  of  different 
Did y  minm  Salt  s  dissolved  in  water,  j 
and  its  bearing  on  the  Tonisation  t 
Tht'orj"  of  the  Colour  of  Solutions 
of  Salts.     (Read  Nov.  2«) 

Veber  die  Absorption  des  I'ranyl- 
salze.    l  Dee.)  ] 


Om  praseodidjins  spectra. 


Kin  Beitrag  zum  Blutnachweis. 
(Vierteljahrschrift  fiir  gericht. 
Mod.  1808,  111.) 

Verschiebung  dor  Absorptions- 
streifen  in  \ersohiedenen  Losun^s- 
initteln.  (Inaug.  Diss.  Erlangen, 
33  pp.) 

Ueber  Praseodidym  nnd  (lessen 
wichtigste  Verbindungon. 


1899. 

Eine  oinfaehe  Metbodo  fiir  die 
Unikohrung  des  Natriumepeetruni. 
(.Inn.) 

Sullo '  spettro  di  assorbimento  dei 
gas.  (Jan.) 


'C.  R.'  cxxvi.  1037-1041; 
« Reibliitter/  xxiii.  101 
(Abs.);  1J.  Chem.  Soc.' 
Ixxiv.If.  518-519  (Abs.); 
*  Chem.  News,'  Ixxvii, 
2)9-220. 

'Ann.  Chem.  n.  Pharm.1 
ccci.  29-54;  *J.  Chem. 
Soc/  Ixxiv.  II.  522-523 
(Abs.) 

*Oefvers.     nf     K.  Vet. 

Akad.    Forh.'    Iv.  283- 

295;  '  Beibliitter/  xxiii. 
97-98  (Abs.) 

'C.  Rf  cxxvii.  119-121  ; 
•Chem.  Centr.'  1898,  II. 
493-494  (Abs.) 

'  Zeitschr.  f.  physiol. 
Chem.'  xxv.  492-500 ; 
1  Chem.  Centr.'  1898,  II. 
122-123  (Abs.);  'J. 
Chom.  Soc.'  Ixxiv.  I. 
720  (Abs.) 

1  Proc.  Phil.  Soc.  Camb.1 
x.  40-44 ;  l  Science 
Abstr.'  ii.  379-380  (Abs.) ; 
4  Nature/ lix.  142  (Abs.) 


•Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixvi.  1128-1  14S; 
4  Nature/  lix.  34  7  (Abs.); 
1  Science  Abstr.'  ii.  78. 


till  K.  Vet. 
Sven>k.  Akad.  Handl.' 
xxii.  I.  No.  T»,  20  pp. 

•Chem.    Centr;    1898,    I. 
417-118  (Abs.) 

•  r.oibliitter/  xxii.  774-775 
(Abs.) 


•Xeilsehr.  f.  anorg. 
Chem.'  x\ii.  310-32G; 
',T.  Chom.  Soe.'  Ixxiv. 
II.  519-520  (Abs.) 


'  Chem.  Zeitung,'  xxiii. 
37:  'J.  Chem.  Soc.' 
Ixxvi.  II.  717  (Abs.) 

'II  Nuovo  Cimento'  [4], 
ix.  177-191 ; » Beibliitter/ 
xxiii.  635-636  (Abs.); 
Science  Abstr.' ii.  603, 
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W.  N.  Hartley 


A.  Etard 


C.  A.  Schunck 


G,  D.  Liveing 


A.  Wynter  Blyth. 


ABSORPTION  SPECTRA,  1800. 

Contributions  a  1'etudo  des  chloro-  (  '  C.  R/  cxxviii.  398-400; 
phylles  animales.  Chlorophyllo  'J.  Chein.  Soc/  Ixxvi. 
du  foic  des  invertebros.  (Read  II.  IJ74  (Abs.) 
Feb.  18.) 


W.  N.  Hartley  acd     A  Study  of  the  Absorption  Spectrum 


of  Isatin,  Carbostyril,  and  their 
Alkyl  Derivatives,  in  relation  to 
Tantomcrism.  (Read  Feb.  1l>.) 


|  On  the  Absorption  Spectrum  and  j 
'  Constitution  attributed  to  Cyan-  ' 
1  uric  Acid.  (Read  Feb.  Iti.)  ! 


Les  chlorophylles.    (April.) 


i  Yellow  Colouring  Matters  accom- 
i     panymg    Chlorophyll,   and    then 

Spcct  roscopic    Relations.     (Read 

May  18) 

On  the  Influence  of  Dilution,  Tem- 
perature,and  other  circumstances 
;     on    the    Absorption    Spectia    of 
!     Didymium    and     Erbium    Salts 
;     (Read  June  5.)   ('Trans  Phil.  tfoc. 
Cambridge,'  x\iii.  29S-315.) 

!  The  Ultra- violet  Absorption  Spectra 
of  Albuminoids  in  relation  to  that 
'     of  Tyrosin.     (Read  June  15.) 


W.  N.  Hartley, 
F.  B.  Japp,  and 
J.  J.  Dobbie. 


W.  Muthmann  and 
L.  Stiitzel, 


L.  Puccianti  . 


G.  D.  Liveing 


Report  on  the  Relation  between 
the  Absorption  Spectra  and 
Chemical  Constitution  of  Organic 
Substances.  (Interim  Report.) 
(Sept.) 

Beitriige  zur  Spectral  analyse  von 
Ncodvm  und  Pra^codym.  (Read 
Oct.  4.) 


Ueber  die  Absorption sspectren  der 
KohlenstofFverbindun^en  im 
TJltrarot.  (Vorliiutige  Mitthei- 
lung.)  (Oct.) 

On  the  Influence  of  Temperature 
and  of  Various  Solvents  on  the 
Absorption  Spectra  of  Dldymium 
and  Erbium  Salts.  (Read  Nov. 
27.) 


'J.  Chcm.  Roc.'  Ixxv.  T. 
()10-<>()1;  'Proe.  Chem. 
Soc.'  \\.  47-M  (Abs.); 
« Chem.  News,'  Ixxix. 
101.  (Abs.);  'Chem. 
Centr/  1899,  I.  7«8- 
781)  (Abs  ) 

'Proa.  Chem.  Soc.'  xv. 
40-47  (AUs.);  *Chem. 
News/ Ixxix.  101  (Abs.); 
'Chem.  Centr.'  1899,  I. 
784  (Abs.) 

'  Ann.  Cliim.  ot  Phys.'  [7], 
xiii.  05(1.574. 

'  Pror.  Roy.  Soc.'  Ixv.  177- 
isr, ;  -J.  Chem.  Soc/ 
lxxx\iii  11.  :'»<>-37  (Abs.) 


<  J.  Chem     Sot-.'    Ixxviii. 
11.  ,~>17  (Abt».) 


•  J.  Chem.  Soc/  Ixxv. 
1162.11l»A;<Prfjc.  Chem. 
Soc 'xv.  175-170  (Abs.); 
'Chem.  Centr.'  1891),  II. 
257  (Abs.) ;  '  Chem. 
News/  Ixxx.  :t2  (Abs.) 


1  Hrit        Assoc. 
18W,  31G-H58. 


Report,1 


•Her/  xxxii.  2fifi3-2677  ; 
'Chem.  Centr.'  1899,  II. 
ttil.im  (Abs.);  'J. 
Chem.  Hoc/  Ixxviii.  II. 
18-19  (Aba);  «  Bci- 
blsitter/  xxiv.  478  (Abs.) 

'  Phys.  Xeitschr/  i.  49-52  ; 
•  J.  Chem.  Soc/  Ixxviii. 
II.  585  (Abs.) 

'Proc.  Phil.  Soc.  Cam- 
bridge,'  x.  213-214; 
'  Science  Abstr/  iii.  630- 
531  ;  '  Nature,'  Ixi.  214- 
315  (Abs.) 
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ABSORPTION  SPECTRA,  1899,  1900. 
S.  Forcing     .        .  1  Om  Absorptions«pectrahos Erbium,     'Bihang  till  K.  Vet.  Akad. 


G.  Bode . 

P.  liarcci       . 

V.  Arnold       . 


liolimnm  och  Thulium. 


Uobt:r      Phylloxanthin.        ('  Bot. 
IVntrallil/  xx.  227-230.) 

Sullo  spettro  di  as^orbimento  dollo 
mesrnlanze  p 


Ein  Beitrag  zur  Spccf  roscopic  des 
Blutes.  ('Centr.  mod.  \Viss.1 
xxxvii.  1G3-1G8.) 


Hand].'  xxiv.  I.  No.  7, 
JJfipp.;  'Beibliittcr/xxiv. 
477-  178  (Ate.) 

Them.  Ccntr.'  1809.  II. 
529  (Abs.) 

*  Tl  Nuovo  Cimento  '  [4], 
ix  2  tl -2.13;  '  JJei  blatter/ 
xxin.  G3G-G:{7(Abs.) 

•Chom.  Ccntr.'  1899,  II. 
341  (Abs.);  M.  Chem. 
Soc/ Ixxvii!.  1.127  (Abs.) 


V.  Arnold 


W.  X.  Hartley  and 
J.  J.  Dolihie. 


E.  Marchlewski 


W.  N.  Hartley 


1000. 

Uebor  das  noutralo.  Hamatin-  j 
sfoctium.  ('Contrabl.  t*.  mod.  j 
Wisss/  xxxvii,  83:t-HKf»,  810-831.)  ' 

Tho   Absorption   Spectra   of    Am-  ' 
inniiia,    Mothylanimc,   ll)droxyl- 
amine.  Aldoxime.  and  Acc'toximc. 
(Head  Feb.  1.) 


n.  ein  nruc- 


Ik-mat  dcs 
Frb.  5.) 


Thorn.    Ccntr/    1900,   I. 
209  (Abs.) 


1  J.  Chora.  Soc.*  Ixxvii.  I. 
:U8-:J27;  Troc.  Chom. 
Hoc.'  x\i.  14-15  (Abs.); 
4  Chcm.  News/  Ixxxi.  81 
(Abs.);  'Chein.  Centr.' 
HM»0,  1.  5S1  (Abs.) 

1  Bull.     Akad.      Cracow/ 
V.utt.    G:J.  Gl; 
IMII.  «'>()  (A 


Tlu»  Artion  of  Heat  on  tho  Ab«-orp- 
tinn  Spectra  and  Chemiral  Con- 
stitution of  Saline  Solutions 
(Kend  Ffb  21.) 


•Trans.  Koy.  Soc.  Dublin* 
[2],  \ii  2«:J-:S12:  'Nfa- 
turc,'  Ixiii.  IMI\  (Abs)  ; 
'J.  Chem.  Soc.'  Ixxx.  JI. 
:.:;  (Abs.) 


W  N.  Hartley  anu  I 
J   J.  Dol.l.ie.          j 


mm-m.     'Ihi1  Abyoijition 
i     of  the  Kthyl  Kstoi»»  <>f  I)il)oiiKuU-  | 
!     Miccinic  Acid,     (llond  March  l.> 

M.  l^adais  .  .  |  Sur  la  culture  pure  d'une  aljj-ue 
i  \erte;  foimation  do  chlorophylh1 
j  a  I'obMMiritc.  (Kead  .Alarch  10.) 

B.  Glatzcl  .  .  |  Bfstiiiiniuii£  von  Absorptions- 
I  cootlioienteii  im  ultraviolet  ten 
!  Spectra  Ijrebieto.  (3lay.) 

L.  Tuccianti  .        .  '  Spettri  <li  assorbimonto  di  liquidi 
ncll'  ultrarosso.    (May.) 


\V.  N.  Hartley  and  ',  Tho  Ultra-violot  Absorption  Spectra 


Studies  in  Tauto-  '  '  J.  Chom.  Soc.'  Ixxvii.  I. 


108-000;    'Proc.   Chcm. 
Soe.'  xvi.  f>7  T>S  ;  '  Chom. 


J.  J.  Dobbio. 


of  some  Closed-chain  Caibon 
Compounds.  II.  Pimethylpyra- 
zinc,  Hexametliylcne,  and  Totra- 
hydrobenzeiic.  (Uead  June  7.) 


C.  H:  exxx.  7!>:t-70a; 
4,F.  i'lioin.  fc*<»c.'  lx\\iii. 
II.  M*  (Ab.s.);  'Nature,1 
Ixi.  5:^2  (Ah.s.) 

'Pliys.  Xeitschr.'  i.  285- 
2S7:  'Ik-iblattcr/  xxiv. 
47(>-  177  (Abs.)  ;  *  Science 
Atfrtr.'iii.  (588. 

•  II  Nuovo  Cimento  *  [4], 
xi  211-278;  *  Boi  blatter/ 
xxiv.  1122-1123  (Abs.); 
4  Science  Abstr/  iii.  783. 

4  J.  Chom.  Soc/  Ixxvii.  I. 
Hi(i-8r>0;  'Proc.  Chem. 
Hoc/  xvi.  129-130  (Abs.)  ; 
«  Chem.  News,1  bcxxi. 
307  (Abs.) 
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W.  N.  Hartley,  J. 
J.  Bobbie,  and 
P.  G.  Palliatseas.  | 


L.  Marchlewski  and 
C.  A.  Schunck. 


ABSOBPTION  SPECTRA,  1900. 

A  Study  of  the  Absorption  Spectra 
of  o-Oxycarbonil  and  its  Alkyl- 
derivativcs,  in  Relation  to  Tauto- 
merism.  (Road  June  7.) 


Notes  on  the  Chemistry  of  Chloro- 
phyll.   (Read  June  21.) 


J.  Formanek  , 


P.  Lemoult 


Der  Farbstoff  der  roten  Rcihe  und 
|    sein  Absorptionsspectrum.  (Oct.) 


Relation    entre    la    constitution 

chimique    des  colorants  du  tri- 

;    phlnylmethanc    et    les    spectres  • 

•    d'absorption    de    lenrs    solutions  ; 

!    aqueusos.    (Read  Nov.  19.) 

Sir  J.  N.  Lockyer  .  j  Further  Note  on  the  Spectrum  of 
Silicium.    (Read  Nov.  22.) 


A.  Mictho 


C.  Camicbel  . 


j 

.     Photographische  Plat  ten  zur  Auf-  | 

nahme  von  Absorptionsspectrum.  ! 

(Nov.)  i 


J.  Form&nek . 


B.  Glatzel 


K,  Kobert 


H,  J.  Holler 


Remarques  sur  le  Note  do  M 
Lemoult  intitu!6c  :  Relation  entre 
la  constitution  chimique  des 
colorants  du  triphunylmethane  ot 
les  spectres  d'absorption  de  leurh 
solutions  aqucuscs.  (Read  Deo.  1 0.) 

Nachweis  der  Me  tall  sake  mittels 
der  Absorptions&pectralanalyso 
unter  Verwendung  von  Alkanna. 

L,  ii. 


Quantitative  Untersuchungen  iiber 
Absorption  und  Reflexion  im 
Ultraviolett. 


Beitriige  zur  Kenntniss  dos  Methii- 
moglobine. 


'J.  Chem.  Soc/  Ixxvii.  I. 
839-8(5;  '  Proc.  Chom. 
Soc/ xvi.  130-131  (Abs.); 

I  Chem.  News,'  Ixxxi.  307 
(Abs.) 

'J.  Chem.  Soc/  Ixxvii. 
IOHO-1094 ; '  Proc.  Chem. 
Soc/  xvi.  148-149  (Abs.) 

•J.  prakt.  Chem/  [2]  Ixii. 
310.314;  'J.  Chem.  Soc/ 
Ixxx.  35  (Abs.) 

*(\  R/  cxxxi.  839-842; 
'  Reibhitter/  xxv.  :J6 
(Abs.) ;  '  Chem.  News/ 
Ixxxii.  290-291 ;  'Nature/ 
Ixiii.  124  (Abs.) 

'Proc.  Roy.  Soc/  Ixvii. 
403-109. 

'  Zcitschr.  f.  anftcw.  Chom/ 
1900,  1199-2000;  'Chem 
Centr'  1901,  1.  12-13 
(Abs.) 

<C.  K/  cxxxi.  1001-1002; 
'Chem.  News/  Ixxxiii. 

II  (Abs);  •  Bcibluttor,1 
xxv.  ;j(J  (Abs  ) 


'  Zoitschr.  anal.  Chem/ 
xxxix.  409-131,  073-093 ; 
'('hem.  Centr.'  1900,  II. 
711  (Abs.);  M.  Chem. 
Soc.'  Ixxviii.  II.  087 
(Abs),  Ixxx  II.  128- 
129  (Abs.) 

'Phys.  Zcitsclir.'  ii.  173- 
178;  ;  Beibliltter,'  xxv. 
35  (Abs.);  'Science 
Abstr/iv.  223-221. 

'Arch.  f.  d.  gesammte 
Physiol/  Ixxxii.  603- 
G:'..);  'Chem. Centr '1901, 

1  51-52     (Abs.);     'J. 
Chem  Soc./  Ixxx.  I.  242- 

2  IB  (Abu.) 


Ueber   gefiirbte   Gliiser.     II.  Die  |  'Chom.  Centr/  1900,  II. 

spectralanaJytische       Untersucli-  ,    128(5-1287  (Abs.) 

ung  der  Gltiscr  ('  Ber.  Dmtsch.  j 

pharm,  Gesellsch/  x.  234-204.)  ; 
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II.  TK  Simon 


IV. 

PHYSICAL   RELATIONS. 
1890. 

|  Ucber  c-in  ncucs  photographisclics 
1  Photo!iietrim;rfahrcn,  and  seine 
1  Anwendung  auf  die  Photometric 
des  ultraviolctten  fcpeclralge- 


<Ann.  Phys.  u.  Chem.1 
[X.F.],lix.  90-115;  'As- 
trophys.  J.1  v.  C9-70 
(Abs.)  ;  '  Science  Ab&tr.' 


J.  Wiilmark   . 
A.  Kiinig 
D.  Dijkc-n 

W.  Kunfc 

IT.  r.e<V]iUTcl . 

T.  I'rentuii 

»» 
II.  Piccqucrcl . 

P.  C'arnazzi    . 
T.  W.  Engolmanu 


1897, 

Om  griinscn  for  det  synliga  spcc- 
i     irum.    (Head  May  12  ) 


•  I)io  Ablmnpitfkeit  der  Farben-  und 
!     llclligkeitsgluliungen  \oiiderub- 
I     solnten  Intensiiat.     (Head  July 
20.) 

Die  Molooularrc  fraction  und  Dis- 
,     perbion  iuisKjrst  vrrdiinnter  Sal/.- 
Insuiiireii  untor 
der  Di.* 


Kinfachu  Demonstration   dcs  Zee- 
uianVcheii  Phiinoiiien>. 

Sur  une  interpretation  applicable 

an  phonomi'iio  di-  Faraday  et  au 

,     ])h6noinr>ue  de   Zcexnan.      (Keatl 


Kiidiation   Plu'iiomena  in  a  strong 
:     Magnetic  Field.  J.  (Head  Dec.  22  ) 


Tho  %i*einan  KITcrt  photographed. 
CDcc.) 

cxpi'ri- 


Explication    do 

do  M.  CJ.  lo  lion. 


i.  55. 


*  Oef  vers.  af  K.  Vet.  Akad. 
Forh.1      liv.      287-307 ; 
4  Kcibliitter,'     xxii.     573 
(Abs.) 

1  Sitzungsb.  Akad.  Berlin,1 
1S'.»7,  «71-,S82;  'liei- 
blatter/  xxii.  575-576 
(Abs.) 

'Zeitsclir.  f,  physikal. 
Cht'ui.' xxiv.  81-li:$;  «J. 
Cliom.  Soc.'  Ixxiv.  II.  1 
(Abs.) 

•  Ann.     Phys.    u.    Chem.' 
[XF],  Ixiii.     268-272; 
•  Science  Abstr.'  i.  131. 

4C1.  Il/cxxv  079-685;  M. 
de  Phys.'  [»],  vi.  681- 
C8S :  <'Science  Abstr/  i. 
M  -58  ;  4  Nat  lire, '  l\ii.  72 
(Abs.) 

4  Trans.  Hoy.  Soc.  Dnbl.' 
[2]\i  3Sfi~:W2;  'Nature/ 
1\  ii.  231)  (Abs.) ; '  Science  ' 
Abstr."  i.  538. 

4  Nature/ Ivii.  173. 

•J.  dePhys.'  f.T],  vi.  525- 
528;  'Nature/  hi.  611) 


Influonzadella  pressionesuH'indice     *  II  Nuovo  Cimento'  [4], 
di  rifraxione  dei  ga^  vi.  385-tOO;  «Bciblsitter/ 

xxii.  <HJ1  (Abs.);  4Scienro 
i    Abstr.'  i.  383-384. 

Tafeln  und  Tabcllen  zur  Dnrstel-  :  '  Uoibliitter/    xxii.    62-63 

lung  dor  Ergebuis.se  spi'ctroM'op-  !    (notice), 

ihclion  D.  spectrophotoniotrischon  , 
Beobachtungen.    (Book,  Leipzig.) 


A     Perot    and   C. 
Fabry. 


IStKS. 

Sur  uno  nouvelle  nu'thode  do  spec- 
troscopic  interfgreiitielk.  (Head 
Jan.  3.) 


•  C.  R.1  cxxvi.  34-3(> :  *  Nfa- 
turc/  Ivii.  263  (Abs.); 
4  Heiblatter/  xxii.  567 
(Abs.) 
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A,  Cornu        • 
T.  Preston      . 

A.  Cornu 
P.  Daude 

G.  J.  Burch  . 
H.  A.  Lorcntz 

P.  Zecman 
G.  Abati 

J.  Stschcglayew 

A.  Gotten 

A..  A.  Michelson 

E.  Cavvallo    . 

B.  A.  Lohfelclt 


W.  N.  Hartley  and 
11.  Rainagc. 


PHYSICAL  RELATIONS,  1898. 

Sur  quel(]ucs    r6sultats    nouveaux 

relatifs  an  ph£nom&ne  decouvert 

par  M.  lo   Dr.   Zecman.     (Head 

Jan.  17.) 

On  the  Modifications  of  the  Spectra 
of  Iron  and  other  Substances 
radiating  in  a  Magnetic  Field. 
(Read  Jan.  20.) 

Additions  j\  ma  note  preW'dente 
sur  le  phtinomene  de  Zecman. 
(Read  Jan.  24.) 

Die  optische  Con.stanten  des  Na- 
triums. (Jan.) 


On  Artificial  Temporary  Colour- 
blindness, with  an  Examination  of 
the  Colour  Sensations  of  109  Per- 
sons. (Head  Feb.  37.) 

Optisohe  Ver*chijnselcn  die  met  de 
Lading  en  de  Massa  der  loncii  in 
Verband  stand.  (Itcud  Feb.  26.) 


Measurements  concorning  ftarlia- 
tion  Phenomena  in  a  Magnetic 
Field.  (Feb.) 

Ueber  des  Refractions-  mid  Disper- 
-ion-u  iMSi'o'ii  de.s  Siliciums  in 
seinen  Vorumdimgen.  (Feb.) 


Ueber  das  Brechiing.svermo<£cn  des 
mit  Flussigktiiten  getrtinkten  lly- 
drophans.  (Feb.) 

Sur  les  expL'rirnces  d'Kgorofl  ct 
Georgiewskv,  ot  Implication  de 
Lorcnz.  (Feb.) 

Radiation  in  a  Magnetic  Field. 
(Feb.) 


Recherches  de  precision  sur  In.  dis- 
persion infra-rouge  du  quart/. 
(Read  March  7.) 

I  On  the  Properties  of  Liquid  Mix- 
tures.  Part  II.   (Uciid  March  11.) 

A  Determination  of  the  Wave- 
lengths of  the  Principal  Lines  in 
the  Spectrum  of  Gallium,  showing 
their  Identity  with  two  Linos  in 
the  Solar  Spectrum.  (Head  March 
10.) 


'C.  R/  cxxvi.  181-180; 
'Nature/lvii.3lO(Abs.); 
1  Science  Abstr/  i.  59. 

*  Proc.  Roy.  Soc  '  Ixiii.  20- 
:U;     '  Iteibliittcr,'    xxiii. 
21)9-300  (Abs.) ;  •  Science 
Abhtr.'  i.  380. 

'0.   R.'    cxxvi.    300-301; 

•  Nature,  Mi.  335  (Abs.) 

'Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixiv.  159-162 ; 
•J  CUicm.  Soc.'  Ixxiv.  II. 
273-274  (Abs.)  ;  'Science 
Abstr.'  i.  382. 

•Phil.  Tnins'  cxci.  1-34; 

•  Proc.    Hoy.   Soc.'   Ixui. 
35-38  (Abs.) 

•Ziltingsvorsl.  d.  K.  Vot. 
Akad.  Amsterdam,'  vi. 
51KU52I),  555-500  ;  '  Bci- 
bhitter,'  xxiii.  51-53 
(Abs.) ; '  Nature,'  Iviii.  48 
(Abs  ) 

'Phil.  Ma«.'[5],xlv.  JD7- 
201;  'Science  Ab.str.'  i. 
250. 

'  Zeitschr.  f.  ))hysikal. 
Chem.1  xxv,  353-3(M ; 
'Heibliittor,1  xxii.  397- 
398  (Abs  )  ;  «  Oliem. 
News,' Ixxvii.  271  (Abs) 

•  Ann.    Phys.    n.     ('hem/ 
[NF.],    Ixiv.      325-332; 

•  Science  Abstr.1  i.  382. 

'  L'lfclairape     61cctrique/ 
xiv.    299-300;    'Science 
!     Abstr.'  i.  390. 

!  'Astrophys.  J.'  vii.   131- 
!     J38;    -Phil.    Max.*    [6], 
i     xlv.   31H-350 ;    'Science 
Abstr.1  i.  537-538. 

1  C.  R:  cxyvi.  728-731  J 
'  tteibliitter,'  xxiii.  31- 
32;  (AlH.);  'Nature/ 
Ivii.  472  (Abrt.) 

1  Proo.  Phys.  Soc/  xvi, 
H3-102. 

'  Trans.  Hoy.  Soc.  Dublin  ' 
[2],  vii.  1-0  ; '  Astrophys, 
,I/ix.  214-220;'HoibUt- 
ter/xxiv.107, 108  (Abs.); 
'  Science  Abstr/  ii.  81C- 
817. 
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A.  Cotton 


PHYSICAL  RELATIONS,  189«. 

Kadiations  dans    un  champ  mag-  ,  '  L'Kclairago     61ectrique/ 

netique.      II.   Rcnversoment   dcs  i  xiv. 510-547; 'Beibliittei/ 

raies  de  sodium,  ct  application,  i  xxii.  890-891  (Abs.) 


(March.) 


H.  P»ecquercl    and     Contribution  it  Pctudo  du  phOno- 
II.  Deslandrcs       '    mene  de  Zeernun.  (Read  April  4.) 


E.  S.  Ferry 


II.  G.  Madan  . 


II.  Dufet 


T.  Pre.ston 


T.  C.  Porter 


Ueber  das  Verhiiltniss  der  Span- 
minp    des    clectrisehen    Stroiuos 
mid  der  Btiirke  der  tttraliluiiK  der 
Spectra  reiner  Gaso  in  Vukuum-  ; 
rohren.     (Road  April  13.) 

On  some  Organic  vSubstanoes  of 
High  Refract ivity,  available  for 
Mounting  .Specimen^  for  Exami- 
nation undrr  the  Microscope. 
(Kead  April  20  ) 


»Sur  lea  propriety's  o]»tiques  du 
I  calomel  (protochloruro  de  mer- 
,  cure).  (Head  April  21.) 

!  Radiation  Phenomena  in  the  Mag- 
i     net ic  Field.     (April.) 


Contribution*    !•»    the    Mudy    uf 
Flicker.    (Kend  May  2(5.) 


«C.  R.'  cxxvi.  097-1001; 
1 J.  ('hem.  Soc.'  Ixxiv. 
II.  4'j:U4!M  (Abs.)  ; 
1  Science  Abstr.1  ii.  12. 

'Oefvers.af  K.Vet.Akad. 
Forh.'lv.  1S1M98;  •  Boi- 
bl.it  ter,f  ixil.  900-901 
(Abs.) 


4  J.  Roy.  Micro.  Soc.'  1SQ8, 
273-281,  3S.i-38«i;  'Bei- 
bhitter/  xxii.  709-770 
(Abs.) 


4  Bull.  Soc.  Fran?.  Min.' 
xxi.iK)-!»i  ;  '  Beiblatter,1 
xxiii.  32-.KJ  (Ab.-.) 

'  Phil.  Mair.'  [*,].  xlv.  325- 

;w,»:    •  Heibfiilter,'    xxii. 

(Abs.) 


Roy.    Soc.'    Ixiii. 

iii  :  *  ^?l•i^  nreAbstr.' 

W)2;  •  Beibliitter,1 


D.  Etlser  and  C.  P. 
Butler, 


C.  Klein 


1*.  Zccman 


H.  A.  Lorcnlz 


1  A  Simplr  Mi»lh«Mi  of  lledui'infrPris. 
I     mat ic  Spectra.     (Kc.ul  May  27.) 


4  Nature,'  Iviii.  lS}<(Ats.) 

•  Proc.  Phys.  Soo/xvi.207- 
21  S;  •PhilMag.1[6]xlvi. 
20  7-2  HJ;  'Nature,'  Iviii. 
JlJ»(Ah«.);  HMiom  Xcws,' 
Ixxvii.  200  (Al».) 

•  Sitzungsb.  Akad.  Berlin,' 
1898,  :U7-:J3l. 


Die  Anwenduni;  dor  Metl'.ode  dor 
Tolal-rellexion  in  clerPetrogra]  »hie. 
(Head  May  2«».)  , 

l)\or     con«    Asymmetric     in    de  I  4  Zittingsvcr>l.  d.  K.  Vet. 
V<  raiidcrin^r   der   Speotraallijuen  i     Akud.    Anibtcrduiu/  vii. 
van  Ij^en  bij  Stralin^  in  eon  mag-  I 
Vel<i.     (Kead  June  25.)       } 

iiL»cn  over  dem  Invloed  • 
van  i»on  magnet  i^ch  Veld  op  de  : 
llit.straling  van  Licht.  (Uead  ; 
June  2.").)  | 


C.  E.    Mcndenhall     The  Knorgy  Spoctrum  of  an  ahso- 


and  F.  A.  fcJaun- 
ders. 


lutely  Black  Body.     (June.) 


A.  Trowbridgc  .  |  ll*»bcr  die  Dispersion  des  Sylvius, 
!  und  das  ]{»llexiniiHverin«"^(>ii  der 
1  Mdallc.  (June.) 


122-124 ;  '  Beiblatter,1 
xxii.  8S)0  (Abs  ) 

7attin^sversl.  d.  K.  Vet* 
Akad.  Amsterdam/  vii, 
113-122:  •Beiblatter/ 
xxiii.  W-C1  (Abs.) 

John*  Hopkins  Univ. 
t'irc'  xvii.  65;  k  Naturw. 
Kiindsfhau/  xiii.  157  ; 
4  Beibliitter/xxii.  770-771 
(Abs.) 

Ann.  Phys.  u.  Chcm.1 
[N.R],  Ixv.  695-G20; 
'  Science  Abbtr.1  i.  090. 
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C.  L.  Poor  &  S.  A, 
Mitchell, 


PHYSICAL  RELATIONS,  1898. 

The  Concave  Grating  for  Stellar  | 
Photography.     (June.)  i 


L.  E.  Jewell  .        .  I  The   Structure  of  the  Shading  of 
the  H-  and  K-  and  some   other 
Lines  in  the  Spectrum  of  the  Sun 
I     and  Arc.     (June.) 

Some  Notes  on  the  Zeeman  Effect. 
(June.) 


J.  S.  Ames,  R.  F. 
Curhai  t,  and 
II.  M.  Reese. 

0.  M.  Corbino 


H.   Becquerel    and 
II.  Deslandres. 


E.  Aschkinasa 
A.  Konig 
A,  Rigid 


E.  S.  Ferry     . 


J.  A.  Reed      . 


J.  Stscheglayew 


F.  F.  Martens 


A  propos  de  rinterpr6tation  du 
phenomene  de  Zeeman  donnue 
par  M.  Cornu.  (June.) 

Observations  nouvelles  sur  le  ph6- 
nomenedc Zeeman.  (Read  July  t.) 


Ueber  die  Emission  des  Quarzes  in  - 
demSpectralbereiche seiner  metal-  \ 
lischen  Absorption.  (Read  July  8.) 

Ueber  *  Blaublindheit.'  (Read  ! 
July  8  ) 

i 

Di  un  nuovo  mctodo  sperimentale  j 

per    lo    studio  dell'  assoibimcnto  ] 

della  luce  nel  carnpo  magnctico.  j 

I.     (Read  July  17.)  j 


Sur  1'absorption  de  la  lumifcre  pro- 
duitc  par  un  corps  place  dans  un 
champ  magnetique.  (Read  July 
25.) 


On  the  Relation  between  Pressure, 
Current,  and  Luminosity  of  the 
Spectra  of  Pure  Gases  in  Vacuum 
Tubes.  (July.) 

Ueber  den  Einflubs  derTemperatur 
auf  die  Brechung  und  Dispersion 
einiger  Krystalle  und  G  laser. 
(July.) 

Nachtrag  zu  der  Abhandlung 
4  Ueber  das  Brechungsvermogen 
des  mit  Fliissigkeiten  getninkten 
Hydrophans/  (July.) 

Streifen  gleicher  Helligkeit  beirn 
Durchgang  des  Lichtes  durch 
zwei  grob  getheilte  Gitter.  (Aug.) 


'  Johns  Hopkins  Univ. 
Circ.'  cxxxv.  61-02  ; 
'  Astrophys.  J.'  vii.  157- 
1(52  ;  '  Nature,'  Ivii.  520 
(Abs.) 


1  Johns     Hopkins 
Circ.'  xvh.  02. 


Univ. 


c  Astrophys.  J.'  viii.  48-50 ; 
1  Johns  Hopkins  Univ. 
Circ.'xvii.53;  'Beibliitter/ 
xxii.  892  (Abs.) 

4  L'Eclairage  61cctrique,' 
xv.  548-550;  'Beibliitter/ 
xxii.  891  (Abs.) 

'  C.  R'  cxxvii.  18-21; 
4  Beibbitter, 'xxii.  89 1-892 
(Abs.);  'Nature,'  Iviii. 
204  (Abs.) ;  '  Science 
Abstr.'ii.  12-i;j. 

'Verb,  pliys.  Ges  Berlin/ 
xvii.l01-105;'Beiblatter,' 
xxiii.  357-358  (Abs.) 

4  Sitzungsb.  Akad.  Berlin/ 
1S98,  718-731;  4  Bei- 
bliitter,'  xxii.  575  (Abs.) 

'  Rend.  R.  Accad.  d. 
Lincei'  [5],  vii.  II.  41- 
4(> ;  4  II  Nuovo  Cimento/ 
[4],  viii.  102-109;  »  Hei- 
blatter,'  xxiii.  300-302 
(Abs.);  4  Science  Abstr.' 
ii.  601. 

'C.  R.'  cxxvii.  216-219; 
'  Sitzungsb.  Akad.  Berlin,' 
xxviii.  600-601 ,  '  Bei- 
bhitter,'  xxiii.  800-302 
(Abs.);  'Nature/  lix.  263 
(Abs  ) 

4  Phys.  Review/  vii.  1-9; 
4  Science  Abstr.'  ii.  15; 
4  Nature,' Iviii.  463  (Abs.) 

'Ann.  Phys.  u.  Chem.' 
[N.P.],  Ixv.  707-744; 
'  Science  Abstr/  i.  690. 


1  Ann.    Phys.    u, 
[N.F.],lxv.  745. 


Chem/ 


4  Zeitschr.f.Instrnmonten- 
kunde  '  («  BeibUitter'), 
1898,  121;  'Science 
Abstr.'  ii.  163-164, 
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T.  E.  Doubt 


PHYSICAL  RELATIONS,  1898. 

.  J  Colour  Measurement.    (Aug.)  !  '  Phil.Mag.'[f>],  xlvi.  21G~ 

I  ,222:  'Science  Abstr/ ii. 

:  !     03-94. 


I 


D.    Macaluso    find     Sopra  una  nuova  a/done  die  Li  Ince 
O.  M.  Corbino.       '     subisceattraversandoalcumvapori 


1  Rend.R.Accad.d.Lincei,' 
L  5],  vii.  II.  292-301;  viii. 


metallic!  in  un  campo  magnet ico.  I     I.  .'18-11  :  *  11  Nuovo  C'i- 


(Rcad  Sept.  22.) 


monto*  [41,  viii.  2."57- 
259;  «Tk>ibl:ittor,'  xxiii. 
G72-Q73  (Abs.) 


S.P.Thompson      .  '  On  the  Discovery  by  Righi  of  the  j  'lint    As<oc.   Kep.'  1898, 
;     Absorption  of  Light  in  a  Magnetic       7S9-790. 
Field.     (Sept.)  ! 


I).   Macnluso     and     Snr  ure  nouvelle  action  subio  par  '  '  ('.  U.1    cxxvii. 


0.  M.  Corbino 


W.  Voigt, 


II.  Ilccijuorcl  . 


R.  W.  Wood 


('.  Pulfrich 


J.  llartinann  . 


W. 


A.  C'otton 


t  Bccqiiorcl . 


1901. 


la    Inmiore    tra^ersant 

]i)6talli(jucs     dan>     un 
magni'tique.     (Head  Oct. 


IVher  d.  Zusammcnhan^  zwi'-chen 
dem  /oomanVchon  und  di-m 
FaradayV'hon  Phanomcn.  (Read 
Oct.  29*.) 


r>cil>liitter,'  xxiii.  298- 
U!W  (Abs);  'Science, 
AlMr.'ii.  1(57-101);  '  Xa- 
turc,'  hiii.  *}',\r>  (Abs.) 

•Gull.    Xaolir.1    1SU8,  [\; 
:l.L»f.»  -M-l: 4  Science  AUtr.1 


1   Rcnuirquos  sur  l;i  polaiis-ation    n>-    *  ('    R.'    cx>*vii.  lU7-fi"l. 

tatoire  maunotiquo  et    In   dispcr-        *  Nature,'  1L\.  17(AI»s.) 
1     .-.ion  aiinnuilf    A  l'o(  ca.Mon  d'une 

ox]M'rionce      nou  voile      <lt»      MM. 
;     Maraluso  et  O.  M.  C'orrin...  (Read 

Oct.  :u.) 

! 

On     the    anomalous  DKpei'Mon 
C'yanin.     (t)ct.) 


Ui'brr  «lio  Anwendbarkcit  dor 
Mrthodo  dor  Totsiln»'Ui\ion  auf 
kloiin*  und  inan^olhufti1  Krystal- 
ihichon.  (Oct.') 

Uehor  dio  Scale  de>  KiivhliofT- 
'-chen  Nmneiuspecuuni.  (Head 
Nov.  17  ) 

Doppclbroehunv:  \nu  im  Magnet - 
i'cldo  bolinilhcheju  Natrnnu- 
(iaip.pf  in  dcr  Itirhtung1  nonu.il  /u 
don  Kraft linien.  (Read  Nov.  2(1.) 

AliMtiptiuu  dans  un  champ  maj;- 
net'Kjue.  (Read  Dec..")) 


Sur  la    ilisporslon   anomale   ei     !«• 
])Diivnir  rotatoiro   magnet i«]iie  de 
ceitainrs  vapours 
(Road  Dec.  fi.) 


•  Phil.  Mng'pJ.slvi.  380. 
!i^»»  :  'Science  Ab.str/ii. 
L'TU  ^Abs  )  :  •  Beibliitter,' 
xxiii  i»S:j  (Ahs.) 

'  Xeit-chr.  f.  KryMnllogr.' 
\x>.  ru'iS-.-iSG:  *Hei- 
blatter/  xxiii.  M5I-3,Vi 
(Abs) 

4  Sit/un^b.  Akad.  Uerlin/ 
181)8,712  7.")t>;  Science 
AbMr'  ii.  317. 


-  ;!>i;o.  4  science  Absti.' 


c  Ab>lr;  ii.  Kit-- 


I  or.. 


•('.  R'  cxxvii.  SO!1~OOI  ; 
4  Piriblattf  r/  xxiii.  o()l) 
(Abs);  '  Nature;  lix.l<>7 
(Abb);  'Science  Abutr/ 
ii.  16<». 
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J.  Dowar 


W.     Ramsay     and 
M.W.  Travcrs    . 


E.    Hagcn  and    II. 
Rubens 


A.  lliglii 

K.fl.  Fciry  . 
E.  vim  Aubcl. 

Pt.  Dnngicr  . 
I.  KanoimikofT 
E.  S.  King  . 
E.  Matthirssson 

A.E.Scbiotz 
E.  8.  Shepherd^ 
E.  E.  Sundwik 


PHYSICAL  RELATIONS,  1898. 
Application  of  Liquid  Hydrogen  to 
the  Production   of  High  Vacua, 
together  with  their  Spectroacopic 
Examination.    (Read  Dec.  15.) 


The  Preparation  and  some  of  the 
Properties  of  Pure  Argon.  (Read 
Dec.  15.) 


Ueber  das  Reflexionsvermogen  von 
Metallen.     (Read  Doc.  10.) 


Di  un  nuovo  mctodn  speiimentalo 
per  lo  studio  dell'  assorbirnento 
della  luce  ncl  campo  magnetico. 
II.  (Head  Dec.  18.) 

A  Photometric  Study  of  the  Spectra 
of    Mixture*    of    Gases  at     Lnw  j 
Pressures.     (Dec.)  I 

Act  ion  de  magnet  i^me  sin  les  spec-  j 
tres  den  gaz. 


'Proc.  Roy.  Roc.1  Ixiv. 
231-238 ;  'Science  Abstr.1 
ii.  217  (Abs.);  'Nature/ 
lix.  280-281 ;  <  Chcm. 
News,'  Ixxix.  73-75 ; 
*Chem.  Centr.'  1890,  I. 
HI  0-820  (Abs.);  «J. 
thoiii.  Soc.'  Ixxvi.  II. 
71J-7-J2(Abs.) 

4  PJOC.  Roy.  Sou.'  Ixiv. 
183-192;  'Nature/  lix. 
308-300  (Abs.);  •Chcm. 
News/  Ixxix.  37-30,  49- 
50;  'Chem.  Centralbl.* 
1800,  I.  400-470  (Abs.) 

'  Verh.  Deutsch.  phys. 
Cesellsch/  xvii.  1 13-147 ; 
'Science  Abstr.'  ii.  439- 
HO. 

f  Rend.il.  Acoacl.  d.  Lincoi  ' 
f5],vii.  II.  333-338;  '  II 
Nuovo  Cimento1  [  i],  ix. 
20r>-:j()2;  '  P.ciblatter,' 
xxiii.  ri7()-071  (Abs.) 

1  IMi\s.  Review,1  vii.  21M5- 


Methodo  de  controle  do  1'orientat  ion 
des  faces  polics  d'nn  quartz  epais 
normal  s\  1'axe. 

Ueber  Ijiciljtbrechuni;svcrn«"igender 
Ivorper  intlussigemnnd  gasiormi- 
gem  Zustandc. 

Conversion  of  Piisnmt ic  into  Normal 
Spect  ra .  (llarvan I  As!  ronornical 
Conference.) 

Ueber  den  Kinlluss  des  I'lozcnt- 
^ohaltt's  uud  dei  Teropur«itur  auf 
das  i!rechiin<;svermo!>eii  von  emi- 
{<en  Zuckerhniun^on.  (Inauj;.  Dts>. 
Rostock,  18!>K.  SUpp.) 

Ueber  das  Spectrum  der  Kathoden- 
htrahlen  ('  Christiania     Vidcntsk. 
Sulsk.  Forh.'  18iis,  r,  j)p.) 

Photographic,  platen  nnd  the  spec- 
trum. ('  Journ.  Cdineia  Club,'  xii. 
No.  150  ) 

Ueber  dio  Refraction  von  Losungen 
und  ein«i  eintache  Methode  den 
Gehalt  der  Losung^n  vermittelbt 
der  Refractiou  zu  Bcstimmen. 
(Chem.  Ccntr.  Halle,  xxxix.  681-  < 


'  J  de  1'liys  '  [3]  vii.  40S_ 
40i»;'(Jhcm.  Ccntr.1  1808, 
II.  IKto  (Abs.); 'Science 
Abstr.'  ii.  170. 

'.I.  dePhys.'[3],  vii.  643- 
<>JS  ;  'Science  Abstr.'  ii. 
277. 

1 ,1.  Huss.  phys.-rheni.0es.* 

\xx     0<;r»-07.">;    « Chem. 

Centr.'  1HOO,  J.5X1  CAbs.) 

1  Nat  urc,1  lix.  330  (Abs.) 


'  P>eibliitter.'      xxiii.     [0], 
(title). 

'  Nature,'  hx.  s;5-Ni  (Abs  ) 


'Chora.  Centr.'   180y,   II. 
W  (Abs.) 


B.  Thalen 


P.  Zeeman 
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Ueber  der  absolute  Bestimmung 
der  Wellenlangen  einiger  Strahlea 
des  Sonnenspectrums.  (*  Roy.  Soc. 
Upsala '  [3]  (1898.) 

Sur  les  doublets  et  les  triplets  pro- 
duits  dans  le  spectre  par  des  forces 
magnetiques  exterieures. 


•  Beiblatter/xxiv.  472-473 
(Abs.) 


'Arch,    norland,'   [2],  if 
383-392. 


A.  Righi 


D,    Macaluso    and 
0.  M.  Corbino     . 


II.  Becquerel 


T.  Preston 
Sir  J.  Conroy 

H.  A,  Lorentz 
A.  Cotton 


G.     Johnstono 
Stoncy. 

T.  Preston      . 
C.  E.  Guillaumo 


C.   Fabry   and    A. 
Perot. 

A.  Schuster  and  G 
ftemsalecb. 


1899. 

Sur  Tabsorption  de  la  lumiere  par 
un  corps  plac6  dans  un  champ 
magn^tique.  (Read  Jan.  2.) 

Sulle  modificazioni  che  la  luce 
subisce  attraversando  alcuni  va- 
pori  metallic!  in  un  campo  mag- 
netico.  (Read  Jan.  8.) 

Sur  la  dispersion  anomale  de   la 
vapeur  de  sodium  incandescente, 
et  sur  quelques  consequences  dece  j 
ph6nomene.     (Read  Jan.  16.)          j 


Radiating  Phenomena  in  a  Strong 
Magnetic  Field.  Part  1 1.  Magnetic 
Perturbations  of  the  Spectral  Lines. 
(Read  Jan.  18.) 

On  the  Refractive  Indices  and 
Densities  of  Normal  Solutions  and 
Semi-normal  Aqueous  Solutions 
of  Hydrogen  Chloride  and  the 
Chlorides  of  the  Alkalis.  (Read 
Jan.  19.) 

Trillingen  van  electrisch  geladen 
Stelsels  in  een  magnet isch  Veld. 
(Read  Jan.  26.) 

Birefringence  produite  par  le  champ 
mapnotique,  Ii6e  au  phenomena 
de  Zeeman.  (Read  Jan.  30.) 


'C.  R/  cxxviii.  47-484 
*  Beiblatter/  xxiii.  510 
(Abs.) ;  '  Science  Abstr/ 
ii.  167. 

1  Rend.  R.Accad.  d.  Lincei' 
[5]  viii.I.38-41 ; '  Science 
Abstr/  ii.  346, 

«  C.  R.'  cxxviii.  145-151 ; 
« Beiblatter/  xxiii.  352- 
353  (Abs.);  <  J.  Chem. 
Soc/  Ixxvi.  II.  266 
(Abs.)  ;  '  Science  Abstr/ 
ii.  442-443;  'Nature/ 
lix.  311  (Abs.) 

'  Trans.  Roy,  Soc.  Dublin ' 
[2],  vii.  7-22;  *  Nature/ 
Ivii.  431  (Abs.) 

« Proc.  Roy.  Soc/lxiv.  308- 
318;  *  Science  Abstr/ ii. 
505-506  ;  '  J.  Chem.  Soc/ 
Ixxvi.  II.  717  (Abs,) 


Illusory  Resolution  of  the  Lines  of 
a  Spectrum.     (Jan.) 

Radiation  Phenomena  in  the  Mag- 
netic Field.     (Jan.) 

L/echello  du  spectre.    (Jan.) 


Theorie  et  applications  d'une  nou- 
velle  m6thode  de  spectroscopie 
interf6rentielle.  (Jan.) 

On  the  Constitution  of  the  Electric 
Spark.  (Read  Feb.  2.) 


'  Zittingsversl.  d.  K.  Vet. 
Akad.  Amsterdam/  vii. 
320-340. 

'  C.  R/  cxxviii.  294-297  ; 

'  Beibliitter/   xxiii.  509- 

510    (Abs.);     *  Nature/ 

!     lix.  359  (Abs.);  'Science 

!     Abstr/ ii.  220-221. 

I  '  Nature/  lix.  294-295. 

i 
i 

!  '  Nature/  lix.  224-229. 

I  l  Rev.        guii6rale        des 
1     Sciences/  x.  5-8  ;  «  Bei- 
bliitter/ xxiv.  259  (Abs.) 

4  Ann.  Chim.  et  Phys/  [7], 
xvi.  115-144. 

'  Phil.  Trans/  cxciii.  A. 
189-213;  *  Beibliitter,' 
xxiv.  552-554  (Abs.) 
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REPORT — 1901. 


0.  Lummer  and  E. 
Pringsheim. 


D.     Macaluso     and 
0.  M.  Corbino. 


0.  M.  Corbino 


T.  Preston 


TIYSICAL  RELATIONS,  1899. 

Die  Vertheiluug  dcr  Energie  im  ,  'Verb.     Deutsch.  _  phys 
Spectrum  der  scbwarzen  Korper. 
(Read  Feb.  3.) 

Sulla  relazione  Ira  il  fenomeno  di 
Zeeman  e  la  rotazione  magnetica 
nnomala  del  piano  di  polariza- 
zione  della  luoe.  (Read  Feb.  13.) 


0.  M  Corbino 

Lord  Rayleigh 
D.  A,  Goldharamer 

T.  Preston 

A.  A.  Michelson     , 

A.  Righi 

F.  Paschen    . 

Lord  Rayleigh 
H.  C.  Lord     . 

Sir  J.  N.  Lockyor  . 


Sui  battimenii  luminosi  e  will1 
impossibility  di  produrli  ricor- 
rendo  al  fonomeno  di  Zeeman. 
(Read  Feb.  JO) 

Magnetic    Perturbations    of    the     '  Nature/  lix,  367. 
SpectralLines.  Further  Resolution  1 
of  the  Quartet.    (Feb.)  I 


Gesellsch/      i.      23-41  J 
'  Science  Abstr.'  ii.  664. 

•  Rend.  R.  Accad.  d.  Lincei ' 
[5],viii.  I.  116-121;  '11 
Nuuvo  Cimento1  [4],  ix. 
384-389 ;      •  Heibljitter,' 
xxiii.  673-674  (Abs.) 

•  Rend.  R,  Accad.  d.  Lincei ' 
[5],    viii.     I.     171-175  ; 
'  Science  Abstr.'  ii.  346. 


Radiation  Phenomena  in  the  Mag- 
netic  Field.  Magnetic  Perhnba- 
tions  of  the  Spectral  Lines.  (  Feb.) 

Sulla  dipendenza  tra  il  fenomeno 
di  Zeeman  e  le  nltro  modifica- 
zioni  che  la  luce  subisco  dai 
vapori  metallici  in  un  campo 
umgnetico.  (Read  March  5.) 


Transparency  and  Opacity. 
March  21.) 


(  Read 


Das  Zeeman'sche  Phiinomen,  die 
magncti&chc  Circularpolai  isation, 
urid  die  inagnetische  Doppelbre- 
chung.  (March.) 

Radiation  in  a  Magnetic  Field. 
(March.) 

Radiation  in  a  Magnetic  Field. 
(March.) 

Intorno  alia  questione  delhi  pro- 
duzione  di  un  carnpo  magnet  ico, 
per  opora  di  un  uig^io  luuiinoM) 
polarixzato  circolaincnto.  (Ttuad 
April  0.) 

Uebcr  die  Vcrthcilung  dor  Eneigio 
im  Kpcctium  dcs  t-chwsir/eu 
Korpers  bei  niuderen  Tempt-ia- 
turen.  (Read  April  27.) 

The  Interferometer.    (April.) 

On  a  Graphic  Method  of  Comparing 
the  Relative  Efficiencies  of  Differ- 
ent Spectroscopes  (April.) 

A  Chapter  in  tho  History  of  Spec- 
trum  Analysis.  (April.) 


'  Phil.  Mag.' [5]  xlvii.  1(55. 
178;  'Science  Abstr.'  ii, 
4KI-144. 

'  Rend  R.  Accad.  d.  Lincei ' 
[6],  viii.  I.  250-255. 


*  Proc.  Roy.  Inst.'  xvi.  110- 
1111;  'Nature,"  Ix.  04-65 
(Abs.) 

'  Ann.  Phys.  u.  Chom.' 
JNF.].  Ixvii.  ri!UU70l  ; 
'  science  Abhtr/  ii.  278- 
279. 

4  Nfitnro,'  lix.  485  ;  '  Uei- 
blattcr,'  xxiv.  835  (Abs.) 

'Naturo,'  lix.  440-441; 
•Jk'ibhittiT,1  xxiv.  835 
(Abs.) 

1  Atti  U.  Accad.  d.  Lincei ' 
[5],  viii.  I.  325-320; 
•  Science  Abstr.'  ii.  liOl. 


*  Rilznngsb.  Alcnd. 
1W)1>,  405-420;  *  Uei- 
bluttc-r/  xxiv.  31-32 
(Abs  )  ;  *  Science  Abstr.' 
ii.  601. 

1  Naturo,'  lix.  533;  'Boi- 
bliitUT,'  xxiv.  835  (Abs.) 

'Astrophys.  J.'  ix.  191- 
202 ;  '  Science  Abstr.'  ii. 
824  ;  '  neibliitter,'  xxiii. 
776-777  (Abs.) 

'  Nature,'  lix.  535-539. 
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Lord  Raylcigh 
R.  W.  Wood  . 
L.  K.  Jewell  . 

A.  Cotton 

J.  \V.  Briihl    . 

Sir  J.  X.  Lockyr 
T.  Preston 

A,  Riphl 

II.  Wanner    . 


PHYSICAL  RELATIONS,  1899. 

Transmission  of  Light  through  an 
Atmosphere  containing  Small 
Particles  in  Suspension.  (April.) 

An  Application  of  the  Diffraction 
Grating  to  Colour  Photography. 
(April.) 

j  The  Wave-length  of  H5,  and  the 
Appearance  of  the  Solar  Spectrum 
near  the  Hydrogen  Lilies.  (April.)  j 


1  Phil.  Mag.1  [6]  xlvii.  375- 
384  ;  •  Science  Abstr.'  ii. 
731. 

•  Phil.  Mag/  [5]  xlvii. 3G8- 
372. 


1  V  l  .-.  J.*  ix.  211- 
21.,;  -science  Abstr.1  ii. 
S2:*»:  '  Hei  blatter,'  xxiii. 
7SO  (Abs.) 

The  Present.  Status  of  KirchhofTs  '  *  Astrophyb.    J.'  ix.  237- 


Law.    (April.) 

Physikalisehe  Eigenschaften  eirnger 
i  Camphcrarten  und  venvandtcr  '' 
|  Kiirper.  ; 

!  On  Spectrum  Series.     (Lecture  to  \  '  Nature,'  Ix.  308-370, 392 - 
1     Woiking  Men.    May  1.)  i    MO. 


2<5S. 

Ber.'  xxxii.  1222-1230; 
'(liem.  Centr.*  189U,  I. 
(Abs.) 


Magnetic    Perturbations    of    the 
Spectral  Lines.     (Read  May  12.) 


SulP  a**nrhimpntn  dolla  luce  ]»f-r 
paite  <ii  un  i:ax  poMo  nol  c-niupu 
magnet  ico.  (K^11^  ^:0r  -s  ) 

Xotiz  ubtT  die  Yerbreitevuny  der 
D  Link'ii.  (May.) 


1  Proc.  Roy.  Inst.'  xvi.  151- 
!(>.'{;  'Nature,'  Ix.  175- 
180;  *  Science  Abstr.'  ii. 
Gli2-fifi3. 

'II  Xuovo  Ciineiito  '  [4], 
x.  21).  42  :  f  I  U'i  blatter,' 
xxiii.  ()<;r»_r,T()  (Abs.); 
*  Nature/  Ix.  27l>  (Al>s.) 

*  Ann.    Phys.     u.    Chem.' 
IX.K.],  Ixviii     1|:UH4; 
Abstr.'  ii.  1503- 


M.  llaray       .  '  Sur  la  detniiiination  do  ]>oiiits  de  • 

ri'lHTr    dans    le    .^pectre.     (Head  • 
June  5.) 

A.  llallor  and  P  T.      Sur  li«a  refractions  nioleculaiie^,  la 

Miillvr.  dispersion  moleoulaire,  et   le  pou- 

voir  s|uVifi<pio  des  romhinai^Diis 

du  oampliie  avec  quc'lcjues  alde- 

hydc*  aiouiati<iues.  (Read  June  ,"».> 


W.deW.  Abncy    . 


The  Colour  Sensations  in  Term*  of 
Luminosity.     (Head  June  15.) 


C.  Bender  .  .  \  Ttivchungsexpoiumten  reinen  Was-  I 
,  sors  und  nonualen  Ralzlosun^ren.  j 
I  (June,) 


W.  W.  Campbell  .  I  The  Influence  of  the  Pnrkinjo 
j  1'henomenon  on  Observations  of 
]  Faint  Spectra.  (June.) 


'C.Pv'cxxviii.  1380-.1382: 
4  Seienre  Abstr.'  ii.  727 
(Abs  ):  •  Bciblatter,'  xxiii. 
777-77S  (Abs.) 

*r.  irexxvm.i:J70-i:i7:J: 

•('hem.  Centr/  1S'.K»,  II. 
11(1-117  (Ahs..);  '('hem. 
Now*.1  Ixxx  11  (Ab.O; 

*  Nature,'  Ix.  lt>7  (Ahs  )  ; 
',r   Them.  £t>c.'  Ixxvi.  II. 
(Y2'2  (Abs.) 

4  Phil  Trans.'  exeiii.  259- 
2S7;  «Proc  Hoy.  Soc.' 
1^2-28^  (Aba.);  'Nature/ 
1\-  237-2:^8  :  *  Science 
Alvtr.Mii.  30IJ. 

'Ann.  Phys.  u.  Chem. 
[X.K.]  Ixviii.  343-349; 

*  J.  Choui.  Soc.1  Ixxvi.  II. 
(>21     (Abs.);      'Science 
Abstr.'  ii.  «59, 

»Astrophys.  J.'  x.  22-24; 

*  Heibliitter/    xxiii.    77(5 
(Abs.) 
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H.  M.  Reese  . 


F.  A.  Saunders 


J.    M.    Eder    and 
E.  Valenta. 


J.  Wilsing      , 

T.  C.  Shedd    .        . 

W.  Scdgwick. 

VV.  \V.  RandaU       . 

VV.  Konig       , 

T.  W.  Gifford . 
3.  J.  Burch    . 

T.  Preston      . 


Fttrst    B.    Galitzin 
and  J.  Wilip. 


:>.  N.  Rood    . 
2.  B.  Frost 


REPORT — 1901. 
PHYSICAL  RELATIONS,  1899. 
Notes  on  the  Zeeman  Effect.  (June.) 


Notes  on  the  Energy  Spectrum  of  a 
Black  Body,  and  on  the  Absorp-  | 
tion    of    Ice    in    the    Ultra-red. 
(June  ) 

Normalspcctren  einiger  Elcmouto 

zur   W  "  i."1  '•  •  *  •••';• 

aussers-  •  •      I  \.    \           •  '.'..'.' 

July  13.)  ! 

Ueber  don  Einfluss  des  Prucks  auf  i 
die  Wellenhingen  der  Linicu  des  j 
WasscrstolTsspectrums.  (Read  ; 
July  27.)  I 

! 

An  Interferometer  Study  of  Radia-  j 
tion  in  a  Magnetic  Field.  I.,  II.  i 
(July.)  ! 

Spectrum  Series.    (Aug.) 

On  the   Permeation  of  Hot  Plati- 
num by  Gases.     (Aug.) 


'  Johns  Hopkins  TTniv. 
Circ.'  xviii.  59;  'Phil. 
Mag.'[5]xlviii.:il7-319; 
*  Beibtttter,'  xxiv.  130- 
131  (Abs.) 

1  Johns  Hopkins  Univ. 
Circ.'  xviii.  58-59. 


4  Dcnkschr.  Akad.  Wien  ' 
Ixviii.  5:U-554  ;  •  Bei- 
blatter,'  xxiv.  474-475 


*  Sitznngsb.  Akad.  Berlin,' 
IS'.M),  75()-7.'52;  4Asfrro- 
phys.  J.'  x.  2ti<J-271  ; 
'  Beibluttcr,'  xxiv.  475 
(Abs.) 

•Phys.  Review,'    ix.  1-19, 


Dispersion&inessungen 
(Sept.) 


Temperature  and  the  Dispersion  in 
Quartz  and  Calcite.  (Sept.) 

On  the  Spectroscopical  Examina- 
tion of  Contrast  Phenomena. 
(Sept.) 


Preliminary  Report  of  the  Com- 
mittee on  Radiation  from  a  Source 
of  Light  in  a  Magnetic  Field. 
(Sept.) 

Untersuchungen  tiber  daa  Bre- 
chungsverhsiltniss  des  Aethyl- 
iithers  in  der  Niihc  des  kritischen 
Punktes.  (Read  Oct.  G.) 

Colour  Vision   and   the    Flicker 
Photometer.    (Oct.) 


On  Titanium   for   a 
Spectrum.     (Oct.) 


Comparison 


•  Nature,' Ix.  412. 

1  Amer.  Chem.  ,1.'  xix.  682- 
GSil ; '  Chem.  News/  lxx\  i. 
168-170. 

•  Ann.    Phvs.     u.     Chem.1 
[N.F.],    "ixix.      1-11; 
1  Science  Abstr.'  ii.  819- 
820  (Abs.) 

1  Bi  i t.  Assoc.  Report,'  1 899, 
(ill  1-662;  •  lioibliittcr,' 
xxiv.  791  (Abs.) 

1  Brit.  Assor,.  Repeat/  1S99, 
624  ;  *  Electrician/  xliii. 
811-812;  •  Nature/  Ix. 
585;  'Bcibliitter/  xxiv. 
272  (AKs.) 

1  Brit.  Assoc.  Report,'  1899, 
611-64  ;  '  Nature,'  Ix.  586 
(Abs.) 

•  Bull.  Akad.  St.  Petersb.1 
[6],    xi.  117-196;    •  Bri- 
blatter/    xxiv.     418-450 
(Abs.);   'J.  Chem.  Soc.' 
Ixxviii.  II.  461-462  (Abs.) 

4 Amer.  J.  Sci/  [I],  viii. 
25U260;  'Nature,'  Ix. 
till  (Abs.) 

'Astrophys.  J/  x.  207- 
208;  •Science  Abstr.'iii. 
20-21. 
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PHYSICAL  RELATIONS,  1891). 

O.     Lummer    and  «  I.  Die  Vertbeilung  der  Knergie  im 
E.  Pringshcim.      i    Spectrum  des  schwfirzen  Kcirpers 
'     und    des    blanken    Platins.    II. 
Ti  i':;  <  i. iiiirii  -:!••::!•:•   •        fester 
e'li.J.-  ii-irr  K»!j.«  -.   'Ji(i:i  !  Nov.  3.) 

F.  Gand         .        .     Sur     la     spcctropbotomotric     des  I 
lumiores  electriqucs.    (Read  Nov. 
13.) 


A.  Chilcsotti 


Sul  poiere  rifrangente  di  alcuni 
idrocarburi  a  nuclei  benzolici  con- 
densati.  (Read  Nov.  19.) 


Sir  J.  N.  Lockyer  .     Preliminary  Table  of  Wave-lengths 
ot'Enbaneed Lines.  (Read  Nov.  23.) 


C.  Bender  .  .  Breclmngsexponenten  reinen  Was- 
ser.«  und  normaler  Falzlosungen. 
II.Abth.  (Nov.) 

E.  15.  Krcwt  .  .  Corrections  to  Determinations  of 
absolute  Wave-length.  (Nov.) 


1  Verb.      Deutsch.     pbys 
Gesellsch/  [2],  215-235. 


'C.  R.'  cxxix.  759-760; 
« Nature,'  Ixi.  «)f>  -  9« 
(Abs.)  ;  'Science  Abstr.' 
iii.  10. 

'  Gazz.  clnrn.  Ital.*  xsx.  I. 
IW-Mi'j;  *  11  Nuovo  Ci- 
mento' [i],  xii.  290-293 
(Abs.)  ; k  beiblatter,'  xxv. 
283  (Abs.) 

4  Prne.  Roy.  Soc.'  Ixv.  452- 
4T,1  ;    •Ik'ibliltter,'  xxiv. 
2«2-2«3(Abs.);  'Nature/ 
Ixi.  2C.;i  (Abs.) 

•Aun.  Pbys.  u.  Cliem.1 
[N.F.]  ,  Ixis.  r)7G-079  ; 
4  Science  Absir.'  iii.  13 
(Abs.) 

•Avtruphys.  J.'  x.  2K.'U 
2S,"i ;  *  Science  Abstr.'  iii. 


T.  Preston      .        .  ,  Some  Remarks  on  Radiation  The-     'Nature-/  Ixi.  1 1-13. 
1     nomuna    in    a    Magnetic    1'Vld. 


K.  Pasclien 


A.  1  Taller  and  P.  T. 
Miiller. 


A.  Righi 


\V.  JI.  Pcrkin 


P.  Zecman 


A.  Wulluer 


Vobcr  die  Vortheihmg  dor  Knorgio 
im  Spectrum  do*  schwariou 
Kdrpers  boi  hohoron  Tempera- 
turen.  (Road  Doc.  7.) 

Sur    Irs    n'fiactionH   moloculairos, 

I     la  dis]u.TMon    moloculaire,   ot    lo 

pou\oir    rotaloiro    hpocifiquo    do 

i     quolquos  alcoylcampbres.     (Read 

Doc.  11.) 

Sul  fononieno  di  Xoeiuan  nel  caso 
j^onerale  d'un  ratrgio  lumino.so 
comunquc  mclinato  sulla  diro- 
•/iono  dollii  forza  magnet  ion. 
(Road  Doc.  17.)  (Mem.  Accad. 
Bologna  [5],  *\\i.  2(i;i-2i«4.) 

Tliu  Refract  iveand  Magnetic.  Rotaiy 
Power  of  some  Hon/enoid  Ilydro- 
caibons.  Tbo  Refractive  Power  of 
Mixtures.  An  Improved  Spectro- 
met  or  Scale-render.  (Read  Dec  .2 1 .) 

Waarnemingen  over  cone  a>ym- 
motrische  vorandering  van  ijzer- 
lijnen  bij  straling  in  een  magnet - 
iscb  veld.  (Read  Dec.  30.) 

Ueberdie  Spectra  der  Canalstralilen 
und  Cathodenstrah Jen.  (  Dec. ) 


1  Silzunpsb.  Akad.  Berlin/ 
1  Si>9,  959-970. 


'('.  R.'  cxxix.  1005-100S; 
4 1 'hem.  Contr.'  1$MH).  1. 
21)7  (Al>s.)  ;  l  Nature,' 
l\i.  102  (Abs.) 

4 11  Nuo\o  Cimc'iilc1/  si. 
177-200  :  •  Bciblattei,' 
xxi^.  C11-5H  (Abs.); 
*  Science  Abstr/  iii.  l>SiK 


*,1.  Chom.  Soc/  Ixxvii. 
207-21)  I  :  *  Beiblattor/ 
xxiv  1)25)-  930  (Abs.)  ; 
•Them  Centr.'  1900,  1. 
7'.*7-7i)S(Abs.) 

•/ittingsvei-sl.  R.  Akad. 
Amsterdam/  1 8!W-1'JOO, 
Dool  viii.  :^8»331 ;  4  Hei- 
bliitter/  xxiv.  835  (Abs.); 
4 Nature/  Ixi.  408  (Abs.) 

•Phys.  Zeitschr.*  i.  132- 
131;  4  Beiblatter/  xxiv. 
31J-315(Abs.) 
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REPORt — 1901. 


Sir  W.deW.Abney 


E.  van  Aubel . 


W.  Hallwachs 


O.  A.  Hemsalech 


PHYSICAL  RELATIONS,  1899,  1900. 

Ueber  die  Zerlegung  dcs  Spectrums  | 

des  elect-rischen  Lichtesin  Leucht- 

kraftmengen    von    drei    Farben. 

(Jabrb.  f  .  Photogr.  1899,  338-350.) 

Uebcr    die    Brechimgsexponenteii 
der  Mctalle. 


Refractive    Indices    of    Solutions.  ' 
(Sitzungsb.  I&is.) 

Sur  le  spectre  des  dechaiges  oscil- 
lantes. 


*  Zeitechr.     f.     physikal. 
Chem/    xxx.     565-5(57  ; 
4Chein.  Centr.'  1900,  1. 
ItSl    (Abs.)  ;   'J.   Chem. 
«oc.'     Ixxviii.     II.     125 
(Abs.) 

'Naturc/lx.32K-329(Abs.) 

*  J.  dePhys.'  [3],  viii.(>52- 
GGO;  *  Nature,'  Ixi.  258- 
259  (Abs.) 


J.  J.  Manley  . 
H.  Rubens 

D.  P.  Brace     . 

E.  Aschkinass 


S.  Younj:  and  E. 
Forte  v 


('.    Fahry    and 
Perot . 


A.    Perot    and 
Fabry. 


M.  Hamy 


W.  VoiRt 


E.  Ilaoen  and 
Rubens. 

0.  Viola 


C. 


H. 


1900. 

An  Optical  Method  of  determining 
the  Density  of  Sea-water.  (Read 
J.in.  8.) 

ttfcherchi's  sur  le  spectre  infra- 
louge.  La  resonance  £li»diique 
des  rayons  de  cbaleur.  (Jan.) 

On  a  Xe\v  System  for  Spectral 
Photoxncti  ic  Work.  ^Jan.) 

Ueber  anomale  Dispersion  im  ultra- 
roteii  Spectralgcbk-tc.  (Jan.) 


Xote  on  tl»e  Refraction  and  M;i£- 
netic  Rotation  of  Hoxninothylem1, 
Chlorohexamethvleiu',  and  Dichln- 
rohcxniucthylene.  (lU-adFob  i:>) 

Xouvelle  .source  do  la  lumuTc 
pour  le  speotTonu'trio  de  pre- 
cision. (Rnad  Feb.  12) 

DL- termination  de  noiiveaux  points 
de  repere  dan.s  le  spectre.  (Read 
Feb.  19.) 

&ur  la  determination  de  points  de 
repere  dans  le  spectre.  (Read 
Feb.  19,  March  12.) 


TJeber  cine  Dissymmetric  der  Xec- 
inan'schen  normalcn  Tiiplets. 
(Feb.) 

Pas  Reflpxionsvermogen  von  Me- 
tallen  und  ))elegten  Glasspicgeln. 
(Feb.) 

Uebcr  die  Mini  ma  der  Lichtablen- 
kuiitf  dnrch  Prismen  anisotroper 
Mcdien.  (March.) 


*  Troc.  Roy.  Soe.  Edinb. 
xxiii.  35-43  ;  »  Natme,' 
Ixi.  28(i  (Ab^.) 

'  Re\.  gun6ralc  dcs 
Sciences/  xi.  7-13. 

•Astrophys.  J.'  xi.  IU24  ; 
1  Nature/  Ixi.  521  (A Is.) 

•Ann  der  Pliys '  [I],  i. 
t2_(»S;  4Phv.s  Zcitschi.' 
i  03-5  J ,  *  Science  Ab-^tr.' 
lii.  237-23S 

' ,].  Cliom.  Sot1.'  Ixxvii. 
372  ,'17t  ;  k  lloiblatter,1 


T.    ll/    CKXX.     10(1-409; 
'Xatiiu','  Ixi    107  (Al«s  ) 

«('  II*  cxx\.  192-495; 
:  •  lieibhittcr/  xxiv.  473- 
!  47J(Ahs.);  '  Nature/ Ixi. 
,  135  (Abs.) 

I  «('  R'cxxx.  IH9-492.700- 
I  701  ;  *  Nature/  Ixi  435 
(Abs.);  'Science  Abstr/ 
I  iii.  377,  461  ;  •  ISciblut- 
I  ter.'  xxiv.  472  (Abs.) 

|  *Aim.   der  Pbys/   [4],  i. 
i     370-388. 


•Ann.  der  Phys.'  f4]f  i. 
353-375  ;  «  Nature/  Ixi. 
555  (Abs.) 

*  Xeitscbr.  f.  Kryst.  u. 
Min.1  xxxii.  545-550 ; 
1  Jlftihliitter,'  xxiv.  1292- 
1293  (Abs.) 
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PHYSICAL  DELATIONS,  1900. 

E,  H.  J  Cunacus    .     Die  Bestimmung:  des  Brechun^s-  i  *  Phys.  Zeitscbr.'  i.   316- 

vermogen    als   Methode  f  iir   die  j    317 ;  '  Science  Abstr.'  iii. 

Untersuchuiitf     der     Xnsammen-  |     730. 

setzungder  coexistirenden  Phasen  ' 
|     bei  Mischungcn  von  Acuton  und 

i    Aether.    (April.)  | 

Lord  Blythswood  The  Echelon  Spectroscope  and  its  i  '  Phil.  Mag.' [5],  xlix.  384- 
and  K.  W.  Mar-  Application  to  investigate  the  P>e-  ,  403;  '  Science  Abstr.'  iii. 
chant.  haviour  of  the  Chief  Lines  of  the  '•  IJ75-370. 

Mercury  S]ject  rum  under  the  Inllu- 

ence  of  a  Magnetic  Field.  (April.) 


L.  K.  Jewell  . 


D.  AV.  Murphy 


T.  Preston 


A.  Righi 


K,  Goldbtein  . 


|  The  Uso  of  the  Linns  of  Titanium  i 

for  Comparison  Spectra  and  their 
',  Prominence  in  the  Chromosphere, 
i  (April.) 

A    Method    of    Determining    the 
I     Luminosity   Curve  of    the    Solar  - 
J     Spectrum.     (April ) 

The  Interferometer.     (April) 


Ucbt-r  das  Zecman'sche  Pliiinomen 
in   dein   allL'emeinen   Kalle  eines 


4  Astrophys.  J.*  xi.  243- 
214 ;  *  Science  Abstr.'  iii. 
691. 

•Astrophys.  J.'  xi.  220- 
225  ;  '  Beiblatter,'  xxiv. 
\n  0-911  (Abs.)  -/Scienco 
Abstr.'  iii.  G9 1. 

•Nature,'  lix.  005;  '  Bei- 
blatter,'  xxiv.  835-836 
(Al*.) 

•Phys.  Zcitsclir.1  i.  329- 
33  i. 


maunetisolicn 
Lichtsl  rahkj>. 


Kraft 
(April.) 


I'ebcr  S]>fi(ttra   von 
und 
May  11.) 


,  *  Verb.  Deutsch.  phys 
Gi'sellseh.'  f2"|.  ii.  110- 
112;  •  lieibhitter,1  xxiv. 


W.  S.  Adams  .  The  Curvature  of  the  Spectral  Lines 

in  the  .Sj-ectioliulio^raph.     (May.)  - 

C.  Bender  .  .  Urcchun^exjumcnlen  iionuah-r 
Sal2l<>sungcn.  111.  (May  ) 

A.  Laur.  .  .  (Yber  den  normalen  lefraetome- 
trischen  Worth  von  Butter.  (May.) 

(}.  •!.  Bureh  .  .  On  the  Sprrt ro»»copH*  Kxnmination 
of  Colour  pioducfti  by  Sinmltane- 
ous  Contrast.  (Bead  June  21.) 

A.  Partheil  and  J.      Die    Grundlngen   der  refract oine- 
von  Velsen.  trischen          Butteruntersucluin^. 

(June.) 

A.  Schmaus  .  .  ITebcr  nnoinale  electromagnet  ische 
Hotationsdispersion.  (June.) 

V.  Schumann  .  The  Transparency  of  Thin  Films  of 
Glycerin.  (June.) 

G.  Pellini  and  A.     Sul  potere  rifrangcnto  del  tellurio 
Menin.  in  alcuni  suoi  conniositi.    (Read 

July  30.) 


'Astrophys.  J.'  xi.  300- 
:J11;  *  Bcibliitter/  xxiv. 
W8  (Abs.) 

'Ann.  cU-i.  Phys.'  [II  ii. 
18<;~HM>:  '.l.Chora.Soc.' 
Ixxvni.  IF.  4til  (Abs.) 

'  Chem.  Xvituiif;/  xxiv. 
3IM-30."):  M.C  hem.  Soc.' 
Ixxviii.  II.  r.34  (Ab.s.) 

*  Proc.    Uoy.    Soc%.'    Ixvii. 
•21! 4-228  ;  "'  Nature.'  Ixii. 
t>l,r>  -1>H)  (Abs.);  '  Science 
Abstr.1  iii.  181. 

'Arch.  Pharni.'  ccxxxviii. 
201-279 ;  'Chem.  Centr.' 
1901),  II.  216-21G  (Abs.) 

•Ann.  d.  Phys.'  [4],  ii. 
280-291;  'Nature/  Ixii. 
,"»3r>(Abs.) 

•  Them.  News,1  Ixxxi.  267- 
2158. 

,  'Gazz.  chim.  Ital.'  xxx, 
II.  465-47R  ;  «  J.  Chem. 
Soc.'  Uxx.  II.  04  (Abs.) 


186 


REPORT — 1901. 


G.  A.  Ilemsalech 


E.  Hoppe 


C.    Runge   and  F. 
Paschen. 


E.  Carvallo    . 

VV.  Marshall  Watts 

N.  E.  Dorsey . 
S.  P.  Langlcy 
II.  M.  Reese  . 

C.  Riviere 


A.    Perot    and    C. 
Fabry. 

J.  Meyer 

O.  Lummer  and  E. 
Jahnke. 

S.  P.  Langley 


II.  B.  Dixon  . 
R.  W.  Wood  . 


PHYSICAL  RELATIONS,  1900. 

Sur    les    spectres    des    decharges 
oscillantcs.    (Aug.) 


Spectroscopische     Boobachtungen 
am  Wehneltunterbrecher.    (Aug.; 


Studium    des    Zeemaneffcctcs   im 
Quecksilberspcctrum.    (Aug.) 


Sur  la  dispersion  exceptionnelle  du 
sputh  d'Islande. 


On  Wave-length  Tables  of  the  ! 
Spectra  of  the  Elements  and  Com-  ' 
pounds  [containing  Index  toTahlcs  ' 
in  the  Reports  fiom  1881  to  1900.] 

Prism  and  Grating  Spectroscopes.  | 

•     (Sept.)  | 

;  | 

|  On  the  Infra-red  of  the  Solar  Spec-  j 
I    trum.     (Sept ) 

,  An  Investigation  of  the  Zocman 
I  Effect  with  Reference  to  Zinc,  Cad- 
1  mi  urn,  Magnesium,  Iron,  Nickel, 
'  Titanium,  Carbon,  Calcium,  Alu- 
;  minium,  Silicon,  Mercury,  kc. 
1  (Sept) 

I  Tndice  de  infraction  ct  dispersion 
|  du  brome.  (Rend  Oct.  22  ) 


'  J.  de  Phys.'  ix.  437-444  ; 

*  ISeibliitter.'  xxiv.  1283- 
1284  (Abs.) 

'  EUctrotechn.  Zeitschr. 
xxi.  507-508;  'Beibhitter, 
xxiv.  J  026-1027  (Abs.) 

'Phys.  Zeitschr.'  i.  480- 
481 ;  •  Beibliitter,'  xxiv. 
1329-1330  (Abs.); 

*  Science  Abstr.'  iii.  949- 
950. 

'J.  de  Phys.'  [3],  4<>5- 
470;  'Science  Abstr.1  iv. 
17-18. 

4  Brit.Assoc.  Report,' 1900, 
193-297. 


'Astrophys.  J.'  xii.  1G4- 
1(55;  '  Science  Abstr.'  iv. 
25-2G. 

1  Brit.  Assoc.  Report/  ISM  M), 
r.:,9  (title  only) ;  '  Nature/ 
Ixii.  502  (Abs  ) 

'  Astrophys  J  '  xii.  120- 
135;  '  Bciblattcr,'  xxiv. 
1329  (Abs.) 


Mi'thodo  intorf6rcntiellc  pour  la 
mesuro  dt  s  longueurs  d'onde  dans 
le  spectre  holaire.  (Read  Oct.  29.) 

Die  Photographic  der  ultrarotcn 
Strahlen.  (Oct.)  ; 

ITeber  die  Spectral^leic-hung  des  ! 
schwarzcn  Korpers  und  des  j 
blankcn  Platins.  I.  (Oct.)  , 

Sur  les  dernicrs  n' suit  at  s  ubtonuH  | 
dans  lYitude  de   la  partie  infra- 
rongo  du  spectre  solaire.     (Read  ! 
Nov.  5.) 

Reversal  of  Lines  of  the  Spectrum 
of  an  Kxplosion  Wave.  (Read 
Nov.  13.) 

The  Anomalous  Dispersion  of  Car- 
bon. (Read  Nov.  23.) 


T.  R'  cxxxi.  C,71-f,72; 
4  liei blatter,'  xxi\.  1275 
(Abs.);  'J.  Chem.  Sue' 
Ixxx.  II.  1  (Abs  ) 

*C.   R'    cxxxi     700-702 
'  Ili'iblattor/  xxiv.  1291- 
1292  (Abs.) 

'Phys.   Zeitsdir.'    ii.   «i7 
'  Science?  Abstr.'  iv.  24. 

•  Ann.  der  Pliys.'  [4J,  ii. 
283-297. 

'C  R.'  cxxxi.  734-730; 
'  Nature,1  Ixiii.  75  (Abs.) ; 
'  Science  Abstr.'  iv.  24- 
25. 

'Mem.  and  Proc.  Man- 
chester Phil.  Soc.'  1900- 
1901,  4-5. 

'  Proc.  Phys.  Soc.'  xvii. 
051-663;  'Nature,'  Ixiii. 
122  (Abs.);  'Chem. 
News,'  Ixxxii.  2U7  (Abs.) 
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PHYSICAL  RELATIONS,  1900. — FLUORESCENCE,  1899, 1900. 

Indices  de  refraction  de  solutions  !  'Arch,  nfierland.'  [2],  v. 
du  chlorure  du  calcium.  !  202-213  ;  « J.  ('hem.  fcJoc.' 

Ixxx.  II.  141  (Abs.) 

Refractive  Index  and  Alcohol-sol-  ,  '  Chem.  News/  Ixxxii.  88 
vent  Powers  of  a  Number  of  Clear-  I     (Abs.) 
ing  :iiid  Mounting  Media.  ('Kansas 
Univ.  Quarterly,'  vii.  No.  I.) 

TheAbnormal  Dispersion  of  Cyanin.  •  IJeiblatter,'  xxv.  36 
('Bull.  Univ.  Wisconsin,'  ii.  217-  (Abs.);  4  Nature,'  Ixiii. 
290.) 

Serirs    in   Spertra  ('  J.    Franklin 
Inst.'  cxJix.  l'J3-20<>.) 

Notes  on  the  Refractivities  of  the 
Inactive  Gases. 


G.  J.  W.  Bremcr 
C.  E.  McClung 

C.  E.  Magnusson 

E.  A.  Partridge 
W.  Ramsay    . 

II.  M.  Reese  . 

F.  Ricglcr 

J.  K.Rulberg 
K.  Stockl 


R.    W.  Wood  and     The     Anomalous     I)i*persion 
C.  K.  Magnusbon  ,     Cvanin. 


210  (Abs.) 
*  Science  Abbtr.'  iii.  465. 


Arch,  norland.'  [2],  v. 
:i5ti-of>(.)  ;  '  J.  Chem.  ttoc.f 
Ixxx.  H.  Ill  (Abs.) 

Science  Abstr.'  iii.  853. 


I 


P.  Zeemun 


I  The  Xeeman  Phenomenon.  ('  Klec- 
I  trical  World  and  Engineer,'  xxxvi. 
,  2J8-21I».) 

;  Tlie    Ifefractometry    of    Mineral  |  '  Chem.  News,'  Ixxxii.  78. 

Watfis.    ('IJuletinul  Societatiido  j 
!     le  Semite  d.  ljucure>ci,  Romania,' 

ix.  2.-il.) 

Distribution    «»f    Spectrum    Lines.  • 
•     cl^'P011     °f    t'l(;     International 
PlnMOcTl    Congre>s    at    Paiis,'    ii. 
lti-171.) 

Mc.^suniicn  ubt-r  dir  l)isperMoii  und      *  P.cibliittcr,'    xxiv.    1276. 

Absorption  \on  Liisunjrrn  nnomal       (Abs.) 
;     brci'hrndei     Subsinn/t-n     bis     xu 
pro.sst'ii  Vcrduniiuiigoii.     ('  Inauir. 
Divert.  Miincht-'n/  11>00,  31  pp.) 

*  Proc.    Phys.    8oc.'    x\ii. 
•Arch,  necrluiid.'     [2].  v. 


/ur      nnsMinnctri^clKMi 
g  der  Spn'tiallinien   in 
Magnet  foldc, 


V. 


Sir  W.  Crookcs 


F.  K.  Kester  . 


P.  Lewis        . 


Pliotofrrnphic  RoNcarclios  on  Phos-  §  Proc.  Roy.  Soc.'  Ixv.  237- 
phorescimt  ttpurtra.  On  Virtorium,  I  243;  '  Nature,'  Ix.  317- 
a  N«w  Element  Associated  with  j  3J*J  ;  'Chem.  Ncws,'Jxxx. 
Yttrium.  (Read  May  4.)  ;  l'J-51 ;  4J.  Choin.  Soc.' 

;    Ixxvi.    II.     751    (Abs.); 

1     *  Science  Abstr.'  ii.  707. 


A  Method  for  the  Study  of  Phos-  |  'Phys.  Rev.'  ix.  161-175; 
phorchcent  .Sulphides.  i     *  lleibhittcr:  xxiii.  988- 

,     J)8U  (Abs.) 


1'JOO. 

»  Ucbor  Kluorcsconx  und  Nnchleucht- 
!  en  bei  der  rlectriM'hen  Kntladung 
I  in  StiokstotY.  (,!uly.) 


'Ann.    der  Phys.'   [4],   i. 
»,V.»-4fiH;   'Nature,1  Ixii. 
1    3SI  (Abs.) 
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VI. 

ASTRONOMICAL  APPLICATIONS 

1882. 

S.  J.  Perry      .        .  j  The  Solar  Eclipse,  1882,  May  16.  ,  '  Monthly  Not.  R.  A.  S. 
i    (June.)  |    xhi.  408-410. 

1885. 
.  |  The  chromosphere  in  1884     (Feb.)  |  •  Observatory,'  viii.  53. 


8     J.    Perry     and 
A.  L.  Cortie 


1880. 

Comparison  of  the  Spectrum,  be- 
tween C  and   D,    of  a  Sun-spot 
observed    188 i,     May     27,    with 
!    another  of  1889,  May  7.  (June  ) 


*  Monthly  Not.   It.   A. 
xlix.  410-418. 


1800. 

A.  L.  Cortie   .        .  |  Observation  of  the  Spectra  of  Sun-  j  '  Monthly   Not.  R.  A.  S. 
1     spots,  in  the  region  H-D,  made  at  j     li.  76-78. 
Stonyhurst  College  Observatory,  I 
1882-1889.     (Read  Dec.  12.)  ; 


J.  N.  Lockyer 

\V.  Sidgreaves 
A.  L.  Cortie  . 

W.  Sidgreaves 
A.  L.  Cortie    . 

n  • 

W.  Sidgreaves 


1891. 

On  the  Causes  which  produce  the 
Phenomena  of  Ni'vv  Stars.  (Read 
Apiil  1C.) 

1802. 

The  bright  Solar  Piominence  of 
1801,  Sept.  10.  (Jan.) 

The  large  Sun-spot  Group  of  Aug. 
28-Oct.  •!,  1801.  (Fob; 

The  Spectrum  of  Nova  Auriga;. 
(Read  May  13  ) 

Some  Rucent  Studios  in  the  Molar 
Spectrum.  (May.) 

Notes  on  the  Spectra  of  »Sun-spots 
(Aug.) 

Xova  Aurigic  (Aug.) 

Roport  of  the  Solar  Spectroscopic 
I  Section  of  the  British  Astronomi- 
|  cal  Association.  (Read  Oct  2G.) 

!  The  Nova  of  1892.     (Oct.) 


1  Phil.  Trans.1  clxxxii.  A. 
397-448;  •  Heiblatter/ 
xv ii.  1007-1U6S  (Aba.) 


'Astron.   and   Astrophy*.' 
xi.  06-67. 

'  Observatory,1  xiv.    363- 

3(i(i  ;  *  Abtum.  and  Astro- 

1 xi.  130-133. 


A.  L.  Cortie  . 


1893. 

Errata  to  •  Note  on  the  Revival  of 
Nova  Aurigje '  in  'Astron.  &nd 
Astrophys.'  xi.  883  (note).  (July.) 

The  Temporary  Star  in  Auriga. 
(Jane.) 


*  Mem.  R.    Astr.   Soc. 
20-13. 

4  Action,  and  Astrophys.1 
xi.  303-407. 

'Astron.   and  Astrophys.' 
xi.  587-503. 

'Astron.  and   Astrophys.' 
xi.  ti04-G07. 

Mour.  Brit.  Astron.  Assoc.1 
iii.  31-35. 


'  Jour.  Brit.  Astron. 
Assoc.' iii.  22-24;  'Obser- 
vatory,' xv.  361-365. 


1  Astron.    and  Astrophys.' 
xii.  560. 


'Astron.  and  Astrophys.' 
xii.  521-539. 
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ASTRONOMICAL  APPLICATIONS,  1893,  1894, 1890, 1897,  1898. 


W.  Sidgroaves        .  |  The  Variable  Spectrum  of  0  Lyras 
in  the  region  F — h.     (Deo.) 

.  |  The  Physical  Constitution  of  the 
i     Nun.     (Nov.) 


'Month.  Not.  II. A.  S.'  liv. 
94-99. 

'Astron.  and  Astrophys.1 
xii.  826-834. 


1894. 

Notes  on  Solar  Observations  at 
Stonyhurst  College  Observatory. 
(Nov.) 

189(5. 

Stellar  Spectrum  Photography  at 
Stonyburht.  (Lecture  Jan.  15.) 


1  Month.  Not.  R.  A.  S.'  Iv. 
6-12. 


1  Jour.  Brit.  Astr.  Assoc.' 
\i.  196-197  (Ab«.) 


K.  McClcan 


1H97. 

K.  McClcan    .        .     Comparative  Photographic  Spectra 
of  Stars  to  the   3j,    Magnitude.  | 
(Head  April  S.)        "  i 

W.  Sidgreaves         .     The  Spectrum  of  j8  Lyra?  as  observed  ' 
nt  Stonyhurst  College  Observatory 
in  1S95.     (May.) 

A.  Relopolsky  .  New  Researches  into  the  Spectra 
of  /3  Lyrai  and  TJ  Aqnihu  (in  Rus- 
sian). (Nov.) 

C.  G.  Abbott .  .  Report  of  the  Work  of  the  Astro- 
phyMcal  Observatory  for  the  year 
ending  June  30,  1S9T. 

H.  Deslandres         .      Observation  de   Veclipse  du  soleil 
'•    du  1G  Avril,  1N!»3. 

A.  C.  Maury   .         .     Spectra  of  Hright  Star>. 


1S9S. 

A.  J.  Cannon  .        .     A  Variable  P.iiiiht  Hydrogen  Line. 
(Jan.) 

E.  C.  Pickering       .     A  New  Srcetroscopic  Tlinar> .  (Jan.) 


'  Phil.  Trans.'cxci.  A.  127- 
138  ;  •  Science  Abstr.'  ii. 
•1W-436  (Abs.) 

'Month.  Not.R.A.S.'lvii. 
515.531. 


T>ull.  Acad.  St.  Peters- 
burg1 [5],  vii.  Soj-S?!; 
•Nature,'  Ixii.  70  (Abs.) 

1  Smithsonian  In^t.  Rep.* 
IS1.*", 


4  Ann.  du  Bureau  des 
Longitudes,*  1897,  c.  1- 
71. 

*  Annals  of  Harvard  Coll. 
Obs.'  1897,  xxviii.  I.  ; 
'Nature/  Ivi.  ?06-208  ; 
'  Xatnrwr.  Rundschau, 
sii.  581-583. 


'Harvard  Coll.  Obs.  Circ.' 
No.  il  :  'Nature,'  Ivii. 
281  (Abs.) 

'  Harvard  Coll.  Obs.  Cire.1 
No  1M  ;  •  Nature,'  Ivii. 
US  I  (Ab.s.) 

MVoc.  Roy.  Soc.1  Ixii.  117- 
42» ;  '  Astrophys.  J.'  vii. 
M7-372:  •  Nature/  Ivii 
405      ^Vbs);      'Science 
r.'i.  635-636. 


H.  Deslandres 


Comparison  of  Oxypcn  with  th« 
Extra  Lines  in  the  Spectra  of  the 
Helium  Stars  3  ('rucis,  \('.  Also 
Summary  of  the  Spectra  of  South- 
ern Stars  to  the  3 J  Magnitude,  and 
I  their  Distribution".  (Read  Feb.  3.) 

The  Total  Eclipse  of  the  Sun.  '  Nature,'  Ivii.  265-267. 

Nouvelle  s6rie  de  photographies  de     '  C.   R.'    cxxvi.  879-882 ; 
la  chromosphere  enticrt*  du  soldi. 
'Read  March  21.) 


1  Science  Abstr.'  i    470- 
471. 
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Total  Eclipse  of  the  Sun,  January 
22,  1898.  Preliminary  Account 
of  the  Observations  made  by  the 
Eclipse  Expedition  and  the 
Oiliceis  and  Men  of  H  M.S. 
*  Melpomene/ lit  Viziadrug.  (Read 
March  28.) 


f  Proc.  Roy.  Soc.'  Ixiv.  27- 
42. 


J.  Fcheiner    . 

"XV.  Sidg  reaves 

A.  L.  Cortie  . 
R.  Copeland  . 


E.  II  Hills  and  II. 
V.  N'ewall 


On  the  Spectrum  of  Hydrogen  hi  the 
Nebnhu.    (April.) 


'  Astrophys.  J.'  vii.  2!>1- 
2:38  ;  *  Beibhitter,'  xxii. 
811  (Abs.);  •  Science 
Abstr.'  i  r>M;  'Nature,' 
Iviii.  11  (Abs) 

« Month.  Not.  R.  A.  S.' 
Iviii.  311-353. 


The  Spectrum  of  o  Ceti  as  photo- 
graphed  at  Stonyhurst  College 
Observatory.  (April.) 

On  the  Level  of  Sun-spots  and  the  i  «  Astrophys    J.'  vii.   239- 
Cause  of  their  Darkness.   (Ai>ril  )  '     2  is. 


Total  Solar  Eclipse  of  January  22, 
181)8.  Preliminary  Report  on 
Observations  made  ab  Ghoglee, 
Central  Provinces.  (Read  -May 
10) 

Total  Solar  Kelipse  of  1808.  Jan- 
uary 22  Picliniinary  Heimit  on 
t  he  ( )bserv»t  ions  made  nt  Pulpiun, 
India  (Read  May  25.) 


A.  L.  Coitie  . 
W.  II.  S.  Monck     . 
E.  C.  Pickering      . 

Vanadium  in  the  Spectrum  ((J-  -  1))  ! 
of  Sun-spots.     (May.;                        | 

The  Spectra  and  Proper  Motions  of  i 
Stars.     (June.)                                   i 

Stars     having    Peculiar    Spectra. 
(Juno.)                                                i 

4  Proc.  Roy.  Soc.'  Ixiv.  21- 


1  Proc  Roy.  Soc.'  Ixiv.  43- 
01. 


•Month     Not.    R.    A.   S.' 
Ivni.  :i7 


C.  Runge 


\  L.  Poor  »ml  S. 
A.  Mitchell 


A.  J.  Cannon. 

L.  E.  Jewell  . 
J.  I?  Hydberg 
A.  lielopolbky 

J.  E.  Kceler  . 


i  On  the  Relative  Intensities  of  the 
,  Lines  in  the  Spectrum  of  the 
|  Orion  Nebula.  (June.) 

The  Concavo  Grating   for  Stellar  | 
Photography.     (.June.) 

Additional  Hydrogen  Lines  mNtais  | 
resembling  £  Puppis.     (June.) 

The  Concave  dating  for  Stellar 
Photography.  (June.) 

Metargon  and  tho  Inteiplanetaiy 
Medium.  (July.) 

Ucber  ein  Versuch  die  Geschwm- 
digheit  im  Visionsradius  der  Com- 
ponenten  von  y  Virginia  und 
7  Leonis  zu  bestimmen.  (Aug  ) 

The   Hydrogen   Atmosphere    sur-  | 
rounding    the   Wolf-Rayet    Star  | 
(Aug.)  | 


4  Astrophys.  J.'  viii.  28-31. 

•Harvard  Coll  Obs  Ciro.' 
Xo.  32;  4  Nature,'  Iviii. 
MS  (Alis.) 

'Astrophys.   J  '   viii.    :\2 
3<J;     •  l»eibl:ir,tcr,'    :v.\ni. 

:iri2.:iK3  (Abs.) 

1  Astrophys  J.'  \iii.  157- 
HJ2  ;  4  KeuMice  Absti  '  i. 


1  Harvard  C1oll.  Obs  Circ.' 
No.  ;J2  ;  *  Nature,'  Iviii. 
23N  (Abs.) 

*  Johns    Hopkins      Univ. 
Circ.'xvii.  «U(>2. 

•Nnfurc,1  Iviii.  310.  '  Rei- 
blatter,1  xxiii.  3U5  (Abs  ) 

•  Astr.  Nach/cl.  (No.  3r>JO), 
00-04;    'Nature/    Iviii. 
400-401  (Abs) 

•Astrophys.  J.'  viii.  113- 
1U;  'Nature/  Iviii.  463 
(Abs.) 
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H.  C.  Lord 


K.  D.  Nargamvala 


II.  Peslandres 


Sir  J.  N.  Lockyer 


\V.W.  Campbell 


A.  <'.  Mauiy 


11.  t'.  Viipel    . 


ASTBONOMTCAL  APPLICATIONS,  1898, 

i  Some  Observations  on  Stellar  Mo- 
I    lions  in  the  Line  of  Sight  made  at 
I    the  Emerson  McMilliri  Observa- 
tory.   (Aug.) 

Photograph  of  the  Spectrum  of  the 
•  Flash'  at  tho  Eclipse  of  Jan.  21 
1898.  (Aug.) 

The  Nebula  of  Andromeda.   (Sept  .) 

Photographic  de  la  \itessc  radialo 
des  e(  oilcs.  (Srpt.) 


The  Chemistry  of  the  Stars.    (In-  ' 
augural     Address,      Birmingham 
and  Midland  Institute.     Oct.  20.) 

Some  Stars  with  Great  Velocities  in 
the  Line  of  Sight.  The  Variable 
Velocit  y  of  97  Pegasi  in  the  Line  of 
Siirht.  (Oct.) 

The  K  lines  of  0  Auriga?.    (Oct.) 


lTcbor  das  Spectrum  von  o  Aquihe, 
und  fiber  die  Hewcuung  de< 
St ernes  im  VWonsradius.  (Head 
Nov  17.) 


1899. 

•  Astrophys.  J.'  viii.  65-69  ; 
1  Beibliitter,'  xxiii,  180 
(Abs.) 

'Astrophys.  J.'  viii.  120- 
121;  l  Nature,1  Iviii.  51>G 
(Abs.) 

'Nature,'  hiii.  ."jlS. 

'Bull.  Soe.  Astron.  de 
France,'  xii.  :J87-»J90 ; 
'  Nature,'  Iviii.  490  (Abs.) 

Mature,'  lix.  32-HO; 
•Ohem  News/  Ixxviii. 
5>;j:i-2:i5  (Abs.) 

*  Astrophys.  J.1  viii.   1H7- 
ICO;  '  lieibliitter,' xxxiii. 
180  (Abs.); 'Nature,' lix. 
,     4»  (Abs.) 

i  'Astrophys.  J.*  viii.  17.V 
1     175;   •  Beiblatter,'  xxiii. 
1SI  (Abs) 

,  '  Sitxungsb/Akad.  Berlin.' 
!Si)8,  721-7:54;  '  Bei- 
blatter,'xxiii.  1S1  (Abs.); 
4  Astrophys.  J.'  ix.  1-15  ; 
*  Si-icnee  Abstr.'  ii.  43l;— 


Sir  J.  N.  Lucky  er 


Mi>.  Fleming 


G.E.  Hull' 


AV.  \V.  Campbell 


11.  Deslandre* 


Preliminary  Note  on  the  Spectrum 
of  the  Corona.     (Head  Nov.  24.) 


Stars    of    tho   Vth  Type   in  the 
Magellanic.  Clouds.     (Nov.)  j 

Classificationol  Spectra  of  Variable  . 
Stnrs  t>f  Long  Period.  (Nov.) 

On  the  Speetrn  of  Stars  of  Serein's  j 
Fourth  Type.  (Nov  )  j 

The  Variable  Veloeities  of  <»  Leonis  I 
and  of  x  Diaeonis  in  the  Line  <>f  j 
S»»h1.  '(Dec  )  \ 

llemarques  Mir  lc^  methocleN  em-  I 
pltiyees  clans  la  ii-choiche  des  i 
\itess<-sradiale^dcsji.stres.  ^IVe.) 

i 

S.iucrMolT  auf  <ler  Sonne.  Xn- 
Nanmenf.issung  tier  KeMiltate  j 
Mm  Kungro  iiucl  Vasehcn,  Jnu>son. 
Huner,  Schuster,  und  Je\\ell. 
('  Ilimmel  und  Krrlo,1  x.  J'J."i.) 


;  •  Proc.  Kny.  Soc.'  Ixiv.  ] 
170;  'Nature,'  lix.  279- 
2«0:     'J.    Chem.     Soc.' 

\    Ixxvi.  11.  717-718  (Abs.) 

!  'Astrophys.  J.'  \iii.  232; 
,  '  Nature",1  lix.  P>30  (Abs.) 

,  'Astrophys.  J.'  viii.  233  ; 
4  Nature",'  Hx  IWO  (AlK.) 

j  •  Astrophy*.  J.'  viii.  2:17- 
|  2:',S;  'Nature,'  lix.  31, JO 
j  (Abs.) 

I  *  Astniphys.   J/  \  lii.  291 
|     'JH2;   '  Beihtuttei.'    xxiii. 
:     :W2(Ab*.) 

I  •  Astr.  Nachr'exhiii.2:? 
j     L*S  ;    *  Astrophys.  J.'ii 
1  <J7-1 72:  'Science  Abstr. 
i    ii.  72s. 

'  k  Beiblaller/  xxii.  501.562 


W.  \V.  Catnpbcll  .  The  Variable  Radial  Velocity  of 
!  <  Gcminorum  in  the  Line  of  Si^ht. 
I  (Jan.) 


'Astrophys.     ,L'    ix.    8G; 
'  Nature,' Ix.  Ill  (Abs.) 


192 
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A.  Mulle 
A.  Cornu 

H.  C.  Duner  . 
3.  E.  Hale  . 
Mrs.  Fleming 
Sir  J.  N.  Lockyer 


D.Gill   . 

CJ.  E.  Hale  . 

0.  E.  Hale  . 

J.  Wilsing  . 


Variation  of   Spectrum  of    Orion 
Nebula.    (Jan.) 


Note  on  the  Enhanced  Lines  in  the 
Spectrum  of  a  Cygni.  (Read 
Feb.  2.)  ( 

I 
I 

On  the  Order  of  Appearance  of  ' 
I    Chemical  Substances  at  Different 
Stellar  Temperatures.  (Read  Feb. 
23.) 

Les  trois  types  spect  rales  des 
Stoiles.  (Feb.) 

La  1 1.i-:  •.  i:"«  des  spectres 
d'-'-,  •-.  J!  I  March  1.)  | 

Spectra  of  Stars  of  Class  III.  b.' 
(March )  j 

The  Spectrum  of  Saturn's  Kings. 
(March.) 


A      New 
(March  ) 


Star     in     Sagittarius. 


The  Chemistry  of  the  Stars  in  Re- 
lation to  Temperature.  (March.) 

On  the  Distribution  of  t  he  \  arious 
Chemical  Groups  of  Stars.  (Lec- 
ture to  Working  Men.  April  10.) 

On  some  Recent  Advances  in 
Spectrum  Analysis  relating  to 
Inorganic  and  Organic  Evolution. 
(Lecture  to  Working  Men.  April 
21.) 

On  the  Presence  of  Oxygen  in  the 
Atmospheres  of  certain  Fixed 
Stars.  (Head  April  27.) 


*  Astr.  Nachr.'  cxlviii.  (No. 
3311)  207;  'Nature,'  lix. 
379  (Abs.) 

1  Proc.  Roy.  Soc.'  Ixi v.  320- 
.°,22;  '  Beiblatter.'  xxiii. 
Ml  (Abs.) ;  •  Science 
Abstr.'  ii.  435. 

1  Proc.  Roy.  Soc.'  Ixiv.  396- 
401 ;  'Chem,News/Jxxix. 
115-  147;  •  Beiblsittcr,' 
xxiii.  792  (Abs.) 

'  Rev.  Scientifique,'  xi. 
238-242. 

1  Bull.  Soc.  Astron.  de 
France,'  Sept.  1899,  378- 
382. 

*Astrophys.  J.'  ix.  119- 
]32:  •  Nature/  Ls.  IS 
(Abs.) 

'Astrophye.  J.'  i*.  186- 
18<>;  *  Nature,'  lix.  595 
(Abs.) 

<  Harvard  Coll.  Obs.  Circ.' 
No.  42;  'Nature,' lix.  56 1 
(Abs.) 

•Natme,'  lix.  463-166. 

'Naturo,'  Ix.  617-620,  Ixi. 
8-11. 


'Naturo.'lx.  103-108. 


I 


'  Proo.  Roy.  Soc.'lxv.  ls)0- 
I  20G;  'Sat  me,'  Ix.  190 
j  (Abs  )  ;  '  J.  Chem.  Soc  ' 
j  Ixxvi.  II.  718  (Abs.); 
I  *  Science  Abstr.'  ii.  729 
I  (AKs.) 

Comparison  of  Stellar  Specti  a  of  I  ho.  ',  '  Ast  rophys.  ,1.'  x.  273-274. 
Third  ani  Fourth  Types.     (April.) 

'  •Astiopbyh.  J.'    ix.   2IJ9 ; 
j     '  NaturoV  Ix.  88  (Abs.) 

'  Astro] >h vs.  J.1  ix.  271- 
272;  'Nature.'  Ix.  18C- 
187  (Abs.) 

*  Sitzun^sb.  Akad.  Berlin,' 
1899,  426-430 ;  '  Science 
Abstr.1  ii.  728-729  ; 
'Astrophys.  J.'  x.  113- 
125. 


Photographs  of  the  New  Star  in 
Sagittarius.  (April.) 

Spectra  of  Stars  of  Sccchi's  Fonith 
Type.  (April ) 

Ueber  die  Deutung  des  typi^chen 
Spectrums  der  neuen  Sterne. 
(Read  May  4  ) 
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Sir  ,T.  N.  Lockvor 


A.  Belopolsky 


(I.    B.    Hale     and 
F.  Kllennan. 


W.  W.  Campbell     . 
J.  Schoincr  . 

W.  W.  Campbell    . 

W.  n.  Wright 

E.  B.  Frost     . 

W.  W.  Campbell    . 


ASTRONOMICAL  APPLICATIONS,  1899. 

On  the  Chemical  Classification  of     <  Proc.  Hoy.  Soc.'  Ixv.  186- 
the  Stars.    (Head  May  4.) 


A.  Bclopolsky 

C.K.  Hnlo     . 
Sir  J.N.Lockyer 

J.  Liint- 

A.  Belopo!sky 
J.  Fenyi 

1901. 


Ueber  die  BowegiinK  von  £  Gemi- 
nornm  in  don  Ocsiehtblinie. 
(May ) 

The  Spool ra  of  Stars  of  SecchiV 
Fourth  Type.  (July  ) 


New  SpectroRoopio  Multiple  Star 
(Polaris).  (Sept.) 

Ueber  die  photoijrapliisch-photo- 
mctrihchen  Untersuchun#en  des 
Heirii  Keeler  am  Orionnebel. 
(Ort.)  (Ilcply  of  J.  Keeler,  '  Astr. 
Xachr.1  cli.  (No.  3001)  3-1.) 

The  Variable  Velocities  in  the  Line 
ot  hight  of  €  Libia?,  A  Draconis, 
\  Andromeda^,  €  Fixe  Minoiis,  8 
Urssw  Minoris,  and  w  Draconis. 
(Oct.) 

Observations  of  Comet  Spectra. 
(Oct.) 


191, 

'Astr.  Nachr.'  cxlix.  (No. 
35GTi)  239;  •  Nature/  Is. 
Ill  (Abs.) 

•  Astrophys.  J.'  x.  87-112  ; 
1  Jteiblsittcr,'  xxiv.  110- 
111  (Abs.);  *  Nature,'  Ix. 
429  (Abs.) 

« Nature,1  Ix.  513  (Abs.) 


1  A-?tr.     Xnchr.'    cl.    (Xo, 
3503)  2»l.»-3l)2  ;  *  Astro- 
phys.  J.'  x.  1G4-1U8. 


'Afttropbys.  J.f  x.  175- 
183;  'Xature,'  Ixi.  114 
(Abs.) 


The  Variable  Velocity  of  Polaris. 
(Oct.)  *  j 

Tho  Spttctrohcopic  Binary  Capella. 
(Oct.) 


Tin;  Wave-length  of  the  (ircen 
Coronal  Line,  and  other  Data  re- 
suiting  from  tin  At  tempt  to  Deter- 
mine tho  Law  of  Notation  of  the 
Solar  Corona.  (Oct.) 

Uebor  das  Spectrum  von  P  Cygni.  , 
(Nov.)  •          j 

Carbon  in  the  Chromosphere.  (Xo\ .) 
The  Pihcian  Stars.    ( Head  Dec.  1 4.) 


On  tho  Origin  of  t-ort-ain  Unknown 
Lines  in  the  Spectra  of  Stars  of 
the  /3  Crucis  Typo,  and  on  the 
Spectrum  of  Silicon.  (Read 
Dec.  14.) 

Xotcs  on  the  Spectrum  of  P  Cygni. 
(Dec.) 

The  Great  Sun-spot,  September 
1898.  (Dec.) 


1  Astrophys  J.'  x.  1 73-1 70 ; 
•Beiblsil'ter,'  xxiv.  481- 
J82  (Abs) 

4  Astrophys.  J.'  x.  1 8 1-1  S3 ; 

•  Nature,1  Ixi.  Ill  (Abs.) 

*  Astrophys.    J.'    x.    177 ; 
•Katun?',' Ixi.  Ill  (Ab>.); 
4  Heiblutter;    xxiv.    482 
(Abs.) 

4  Astrophys.  J.'  x.  ISO- 
li»2,  30(5-307;  '  Uei- 
bhitter;  xxiv.  183  (Abs.) ; 

*  JScienco  Abstr.'  iii.  17(i. 

'Astr.  Xachr.'  cli.  (No. 
3li03)  37-10;  4  Nature,' 
Ixi.  137  (Abs.) 

*  Astrophys.  J.'x.  2S7-2S8. 

1  Proc.  Hoy.  Soc.'  Ixvi.  120- 
110;  '  Boiblsittor;  xxiv. 
780-790(Abs.);  •Nature/ 
Ixi.  21 3  (Abs.) 

*  Proc.  Roy.  Soc.'  Ixvi.  4  l- 
T>0;    *  Astrophys.   J.'   xi 
202-20!)  ;      *  Beibliitter/ 
xxiv.  012-913  (Abs.) 

« Astrophys.  J.'x.  319-321. 

*  Astropbys.    J.'    x.    333- 
33G  ;  *  Science  Abstr.'  iii. 
300. 

O 
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C.  A.  Young  . 

W.  Sidgreaves 

H.    C.    Vogel    and 
J.  Wilsing  . 

C.  A.  Schultz-Stcin- 
hcil. 

A.  Elvins 
C.  Dufour 

0.  a.  Abbot  , 
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I  The  Wave-longth  of   the    Corona 
!     Lino.    (Dec.) 


Notes  on  the  Spectra  of  y  Cassio- 
peia and  o  Ceti. 

Untersuchungen  iibcr  die  Spectra 
von  528  Sternen.  ('Publ.  d. 
Aslvophys.  Observat.  zu  Potsdam,1 
xii.  I.  73  pp.) 

Thcs  Kotation  of  the  Sun.     (Lund 


'Astrophys.  J.'  x.  306- 
307;  4  Beibliitter,'  xxiv. 
480  (Abs.)  ;  «  Science 
Abstr.'  iii.  200-300. 

'  Month.  Not.  R.  A.  S.'  lix. 
502-512. 


1  Nature,'  Ix.  577  (Abs.) 


Observatory.) 

l  Sun-spot  of  September  and  October,  |  'Science  Abstr.'  iii.  176- 
j     1S08.    (Proc.  Canadian  Instit.  ii.       177. 
35-38.) 

Comparaison  entro  la  lumiore  du     'Arch,  do    GemVe,'  viii. 
|     soleil  et  cclle  de  quolques  etoiles.  |       209-217. 

i 


Report  of  the  Work  of  the  Astro- 
physical  Observatory  for  the  year 
ending  June  30,  ISM. 


Sir  J.  N.  Lockycr 
and  A.  Fowler. 


A.  Belopolsky 

II.  Deslandrcs 

Sir  J.  N.  Lockyer  . 

H.  C.  Vogel   . 

W.  II.  Wright 
K.  Sohwartzchild  . 
W.  W.  Campbell   . 
Sir  J.  N.  Lockyer  . 


1900, 

The  Spectrum  of  a  Aaiulro. 
Feb.  8.) 


(Head 


XTeber  cine  Methode  zur  Vorstiirk- 
ung  schwacher  Linier  in  Stern- 
spectrogrammon  (in  Russian ) 
(Read  Feb.  9.) 

Variations  rnpklos  do  la  \itesso 
radiale  de  I'ctnilo  5  Oiionis. 
(Read  Feb.  12.) 

Preliminary  Note  on  the  Spectrum 
of  the  Corona.  (Read  Feb.  22.) 

I'ebcr  die  irn  letzten  Deconnium  in 
dor  Pii'-iiiiimuiig  dor  Sternbewc- 
gnng  in  tier  (JjcMchtslinie  crreich- 
ten  Fortsc;hritto.  (Read  March29  ) 

The  Or]>it  of  the  Spectroscopic 
Binary  x  Draconis.  (March.) 

Kin  Verfahrcn  dcr  Bahnbesiini- 
mung  der  spcc.iroscopi.sohen  Dop- 
pelsternen  (March.) 

The  Variable  Velocity  o£  3  llcrcnlis 
in  the  Line  of  Sight.  (March.) 

A  Short  Account  of  the  Physical 
Problems  now  being  investigated 
at  the  Solar  Physics  Observatory 
and  their  Astronomical  Applica- 
tions. (Phys.  Soc.  April  27.) 


1  Smithson.  Insl.  Report/ 
1S99;  'Nziture,'  Ixi.  516 
(Abs.) 


4  Proc.  Roy.  Soc.'  Ixvi.  232- 
238  ;  •  Ben)]jitter,'  xxiv. 
095  (Abs.) 


'Bull.  Acud.  St. 
[5'J,  xn.  205-210  ;  4  Bei- 
blutter,1  xxv.  131-132 
(Abs) 

1  C.  II.'  cxxx.  370-382  ; 
4  Nat  ure,'  Ixi.  407  (Abs.) 

'  Pi  oo.  Roy.  Soc.'  Ixvi.  180- 
102  ;  '  Science  Abslr.1  iii. 
52  U525. 

«  Sitzungsb.  Akad.  Berlin,1 
1000,  373-300. 


•Aslrophys.  J.'  xi.  131- 
134;  •  Beiblattcr,'  xxiv. 
00(5  (Abs.) 

'Astr.  Nachr.'  clii  (No. 
3020)  66-7-1  ;  '  Niiture/ 
Ixi.  521-522  (Abs.) 

•Astrophys.  J.'  xi.  140; 
'  Iteibliitter,'  xxiv.  700 
(Abs.) 

'  Nature,1  Ixii.  23  (Abs.); 
1  Chem.  News,'  Ixxxi.  214 
(Abs.) 
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ASTRONOMICAL  APPLICATIONS,  1900. 


L.  E.  Jowoll  . 


W.  W.  Campbell    . 


A.  P>elopolsky 


II.  Deslandres 


W.  IF.  M.  Christie 
and  F.  M.  Dvson. 


J.  Evershcd    . 


Sir  J.  N.  Lookvcr 


Spectroscopic  Determinations  of 
Motion  in  the  Line  of  Sight,  &c. 
(April.) 


Some  Spectrographic   Results   ob-     '  Astrophys.   J.'   xi.    226- 


H    II.  Turner  and 
II.  I'1.  NeNvall. 


II.  Deshmdres 


W.  H.  ,Tuliu.s  . 


T.  de  I  Icon     . 


'  Ablrophys.  J.'xi.234-240 ; 
« Science  Abstr.'  iii.  691. 


233. 


tained  at  the  Indian  Eclipse  by  \ 
the  Lick  Observatory  Crocker  i 
Expedition.  (April.)  | 

KinVcrsuch  die  Piotations^eschwin- 
digkeit  des  Vonusie-quator  nuf 
spectrographischem  \Vege  xu  be- 
btimmcn.  (May.) 

Observations  do  lY-olipsn  totale  du  !  'C.  H.'  cxxx  lODl-lfi!).1) ; 
soleil  le  28  Mai  1  MO  j\  Argamasilla  |  '  Nature,'  Isii.  2:*3  (Abs.) ; 
(Espagne).  (lieud  June  18.)  I  *  Astrophys.  J.'  xii.  287- 

I     290 ;     '  Beibliitter,'  xxv. 
40.  (Ab*.) 


'Astr.  Nachr/  elii.  (No. 
:S6n)2<M  27<>;  *  Nature,' 
lxii.l(50-l(51  (Abs) 


Total    Eclipse   of    the   Sun,   1900,      '  Proe.    Hoy. 
May  2H.     Preliminary  Account  of  ,     3!»2-l()2. 
the   Observations  made  at   Ovar,  ', 
Portugal.    (Head  June  2H.) 

Solar  Eolipso  of  May  2S,  1000.  ; 
Preliminary  Report  of  the,  Kxpe-  \ 
dition  to  the  South  Limit  of  I 
Totality  to  obtain  Photographs  of 
the  Flash  Spectrum  in  High  Solar  ( 
Latitude*.  (Head  June  28.)  > 

Total  Eclipse  of  the  Sun,  May  2S,  i 

1UOO.    Pi eliminary  Account  of  the  I 

Obsen  at  ions  made,   by  the  Solar  | 

Physics  Observatory  Eclipse  Expo-  i 

dition  and  the  ollicors  and  men  of  • 

H  M.S.  *  Theseus'  at  Santa  Pola.  ', 

(Road  June  28.)  ; 

Total  Solar  Kelip^o  of  1MO,  May  28.  I 

Preliminary  Report  on  the  Oliver-  ! 

vat  ions  made  at  Bou/areah  (in  the  - 

grounds  of   the  Algiers  Observa-  I 
t  ory ) .     (Head  J  uiie  2tf . ) 

Sur    les   images   spout  rales    do   la 
chromosphere     et     des     protubc-  | 
ranees,    obtenues    a     1'aide      de  j 
la,  chambre  prismatique.      (Head  ' 
July  30.) 

Premiers  result  at  s  des  recherc.hes 
faites  sur  la  reconnaissance  do  l.i 
eouronne  solaire  avec  1'aide  des 
rayons  caloriliques.  (Read  Oct.  !•"">  ) 

Solar  Phenomena,  and  Anomalous 
DisperMon.  (Oct.) 

Constatation  de  (pielques  faits  re- 
latifs  aux  stratilieations  des  tubes 
j\  vide  et  au  spectre  qu'iU  pn'»- 
sentent.  Conjecture  sur  le  nie- 
chanisme  de  ce  phenomene.  ( Head 
Nov.  3.) 


Soc.'    Ixvii. 


Proc.    Hoy.    Soc.'    lx\ii. 
370-385.  * 


*  Proc.    RON      Soc.'    Ixvii. 
337-34(5.  " 


1  Proc.    Ptoy.    Soc.'    Ixvi 

' 


•C  R;  cxxxi.  328-330; 
'tteihliitter,1  xxiv.  112  U 
11 2:i  (Abs) 


4(1     H.'    cxxxi.    (i,1» 

*  Nature,'  Ixiii.  07  (Abs.) 


*A.siro]»h}s    •!/    xii.    18.") 
200;  *  Science  Akstr.'  iv. 
14. 

•Bull.  Acad.  Bel^.1  1900, 
803-81 1 ,  *  Brfbliitter J  xxv. 
15-t(Abs.) 
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ASTRONOMICAL  APPLICATIONS,  1900 — METEOROLOGICAL  APPLICATIONS,  1808, 1899. 


Sir  J.  N.  Lockyer 


W.  W.  Campbell 


E.  B.  Frost 


W.  J.  Knight 


On  Solar  Changes  of  Temperature 
and  Variations  in  Rainfall  in  the 
llegions  -•-!»  •:•  T-  "ic  Indian 
Origin.  (I!  \  •  -J1; 

The  Visible  Spectrum  of  Nova 
Aqnilio.  (Nov.) 


1  Proc.  Roy.  Soc.'  Ixvii.  409- 
431. 


'Astrophys.  J.'  xii.  258; 
'  Beibhitter,'  xxv.  41 
(Abs.)  ;  •  Nature,'  Ixiii. 
260  (Abs.) 


Spectroscopic  Results  obtained  at  i  *  Astrophys.  J.1  xii.  307- 
the  Solar  Eclipse  of  May  28, 1000.  |  :*.51  ;  <  Hei blatter,'  xxv. 
(Dec.)  "  I  267-2(58  (Abs.) 

Can  Spectroscopic  Analysis  furnish     *  Nature,'  Lxiii.  180. 
us  with  precise  Information  as  to  | 
the   Petrography  of   tho    Moon  \  \ 
(Dec.) 


J.   F.   Mohler  and  j  The  Rovers  ing  La3*er  photographed 


F.  C.  Daniel. 


J.  Wilsing 


A.  Berberich 


J.  Hartmann  . 


with  a  Concave  Rowland  Grating. 


Unterriuchungen  fiber  das  Spec- 
trum des  Nova  Aurigie.  («Publ. 
d.  Astrophys.  Obscrvat.  5511  Pots- 
dam,' xii.  77-102.) 

Die  Sonnencorona.  ('  Naturw. 
Rundschau,'  xv.  29-30.) 

Anwendung  der  Photoaraphie  zur 
spectral  photometrischen  Mcssung 
der  Helligkeit  von  Himmelskor- 
pcin.  ('Jahrb.  f.  Photogr.'  1900, 
240-244.) 


*  Astrophys.  J  '  xii.  36 J- 
365;  *  Beiblatter,'  xxv. 
26H-26II  (Abs.) 

'  Beibliitter,'  xxiv.  995-90G 
(Abs.) 


« Beibliitter,'     xxiv.     480 
(Abs.) 


E.  C.  Pickering      . 

A.  Schuster    . 
Sir  W.  Crookes 

T.  W.  Backhoiuso   . 
C.  Runge 

A.    de   la    Baume 
Pluvinel. 


vn. 

METEOROLOGICAL  APPLICATIONS. 

1898. 

Harvard  Coll.  Obs.  Circ.' 


No  28;  •Astrophys. 
vii  392,  'Bc'il»l:itter,'xxii. 
843  (\bs.);  'Nature,' 
Ivii.  Bill  (Abs  ) 


Tl^e  Pin  «.-;-r:1!ll!:i'  Spectrum  of  the 
Aurora.     (May.; 


Tho  OH»  in  of  tho  Aurora  Spectrum,  j  •  Nature1,1  Iviu    1">1. 
(Juno)                                               | 

Helium  in  the  Atmosphere.    (Oct.)  i  •  Chem  Now^/ Ixxviii.  08 ; 

j     l  Bcihljitter,'    xxiii.    317 
I     (Abs) 

Tins  OiiginoC  the  AuioraSpectiuni.  •  '  Naluie,1  lix.  127. 
(Nov.)                                                  ; 

The  Origin  of  the  Aurora  Spoclrum.  :  *  Nature,'  lix.  29. 


18JM). 

Observation  du  groupe  des  raies  B 
du  spectre  solaire  faite  au  sommet 
du  Mont  Blanc.  (Read  Jan.  30.) 


1  C.  R.'  cxxviii.  269-272  ; 
4  Beiblatter,'  xxiii.  359 
(Abs.);  'Science  Abstr' 
ii.  437-438;  'Nature,' 
lix.  359  (Abs.) 


ON  THE  BIBLIOGRAPHY  OF  SPECTROSCOPY. 


197 


METEOROLOGICAL  APPLICATIONS,  1899.— CHEMICAL  RELATIONS,  1896, 1897. 


B.  Hassclberg 
Paulson 


B.  Hassclberg 


A.  Wrublcwbki 


i.  Hassclberg 


G.  Abati 


B.  llasselbcrg 


A.  de  Gramont 


W.  N.  Hartley  and 
II.  Ramage. 


[  Note  sur  la  diffusion  cosmique  de 
vanadium. 

Sur  le  spectre  des  aurores  polaires. 
(Read  March  5.) 


Vlli. 

CJJKMICAL    RELATIONS. 

1896. 

Ucber  das  Vorkommen  des  Vanads 
in  den  Scandinavibchen  Rutilarten. 
(Head  Dec.  9.) 


1897. 

Anwund  img  des  Glan'schcn  Spektro- 
photometers  auf  die  Thierchomie. 
I.  Quantitative  Buhtimmung  des 
Oxyhiumoglobin  iin  Blute.  II. 
Quantitative  Bestimmung  der 
Rhodansalze  im  Speichel. 

Zur  chemistihen  Constitution  des 
Kutils,  (Head  March  10.) 


Sul  potero  rifrangente  e  dispersivo 
del  .silicic  nei  suoi  compost  i. 
(Read  June  12.) 


Note  on  the  Chemical  Composition  i 
of  the  Mineral  Rutilc.     (June.)       | 

I 

Observations  sur  les  spectres  des  | 
composes.    (Read  July  23.)  ' 

!  ! 


Spectres  de  dissociation  des  scls 
fondus.  Metaux  alcalins.  sodium, 
lithium,  potassium.  (Read  July 
23.) 

Spectres  de  dissociation  des  scls 
fondus ;  me>talloideslchlore,bromc, 
iode.  (July.) 


The    Spectrographic    Analysis    of 
Minerals  and  Meteorites.    (Aug.) 


•Mem.  Soc.  Spettr.  Ital.' 
xxviii.  li:i -119; 'Nature,' 
Ix.  487  (Abs.) 

CC.  R/  cxxx.  655-656; 
'Itaibliittex/  xxiv.  479- 
480  (Abs.);  •  Nature/  Ixi. 
021  (Abs.) 


*  IMhang  till  K.  Vet.  Akad. 
Handl.1  xxii.  Afd.  i.  No. 
7,  7  pp. ;  '  Zeitschr.  f . 
anorg.  Chem/  xviii.  85 
(Abs.)  ;  •  Chem.  Centr.' 
1898,  II.  10GH  (Abs.); 
1  Chem.  News,' Ixxvi.  112- 
113. 


<C.  R.  de  TAcad.  des 
Sci.  de  Cracovie,1  1896, 
386-390 ;  *  Chem.  Centr/ 
1SJ)7,  II.  532  (Abs.);  •  J. 
Them.  Soc.'  Ixxiv.  II. 
-115  (Abs.) 

'Bihang  till  K.  Vet.  Akad. 
Handl.'  xxiii.  Afd.  i.  No. 
3,  8  pp. ;  «  Zeitschr.  f . 
anorg.  Chem.'  xviii.  85 
(Abs.);  'Chem.  Centr/ 
Ib'JS,  II.  1UG8  (Abs.) 

1  Gaxz.  chim.  Ital/  xxvii 
II.  437-455  ; '  JJeibhitter,' 
xxii.  557  (Abs.);  'J. 
Chem.  Soc/ Ixxiv.  II.  274 
(Abs.) 

'  Astrophys.  J/  vi.  22-  26  ; 
'  nhem. News,' Ixxvi.  102 
104. 

k  Bull.  Soc.  Chim/  [3]  xvii. 
774-778;  'Chem.  News,1 
Ixxvi.  277  (Abs.);  'J. 
Chem.  Soc/  Ixxvi.  II. 
197-198  (Abs.) 

«  Hull.  Soc.  Chim/[3]xvil. 
778-782;  Them.  News,' 
Ixxvi.  244-2 Iti ;  *J.  Chem. 
Soc/ Ixxvi.  II.  198  (Abs.) 

•  Bull.  Soc.  Chim/  [3]  xvii. 
897-901;  'Chem.  News,' 
Ixxviii.  28-29  ;  '  Science 
Abstr/  i.  247-248. 

1  Brit.  Assoc.  Report/ 1897 
6 10  (Abs  VChem.  News, 
Ixxvi.  231  (Abs.) 
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CHEMICAL  RELATIONS,  1897,  1898. 


C.   Range  and 
Paschen. 


F.  Kchrmann 

A.  de  Gramont 
H.  Kayser 

A.  de  Gramont 


P. 


Ueber  die  Serienspectra  der  Elc- 
mcnte,  Saucrstoff,  Schwefel  und 
Selen.  (Aug.) 


Ueber  die  Constitution  dcr  Oxazin- 
Faibstoffe  und  den  vierwcrtliigen 
Sauerstoff.  (Read  Oct.  0.) 

Dissociation  Spectra  o£  some  Fused 
Salts.  (Oct.) 

Ueber  die  Spectren  der  Elemente 
der  Platingruppe,  (Head  Dec.  2.) 

Spectres  de  dissociation  dcs  sels 
tondus ;  soufru,  phosphore,  com- 
poses phosphoreux  solides.  (Read 
Dec.  24.) 


'Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixi.  041-086  ; 
•  Brit.  Assoc.  Rep/  1897, 
655;  'Chem.  News/  Ixxvi. 
255-256. 

'Ber.'xxxii.  2601-2011. 


'Chem.  News,'lxx\i.  201- 
204. 

•  Abhandl.  Akad.  Berl.' 
18<J7, 4-1  pp. ;  •  Beibltitter,' 
xxii.  6«7  (Abs.) 

1  Bull.  Soc.  Chim.'  [3J,  xix. 
54-51);  'J.  Chem.  Soc.' 
Ixxvi.  II.  315  (Abs.) 


W.    Ramsay    and 
M.  W.  Travcrs. 


J.  Wcrder 


J.  J.    Dobbie  and 
F.  Marsdcn. 

P.    Schutzenberger 
andO.Boudouard. 

J.  Thomsen    • 


£.  Brauncr  . 
A.  Boudouard 
G.  Urbain 


1898. 

Tho  Companions  of  Argon. 
Jan.  29.) 


(Read 


The    Homogeneity 
(Read  Jan.  29.) 


of     Helium. 


Das  Refractomcler  in  der  Wachs- 
untersuclmng.  (Jan.) 

Preparation  and  Properties  of 
Ort hochlorobromobcnzene.  (Read 
Feb.  17.) 

Sur  les  terres  yttriques  contonues 
dans  Ics  .sables  monazitcb.  (Read 
Feb.  25.) 

Deber  Abtrcnnung  von  Helium  aus 
cinor  natiirhchen  Verbindung 
unter  starkcs  Licht  und  Wjum- 
entwick  clung.  (Feb.) 

On  Praseodidymium  and  Ncodidy- 
mium.  (Read  March  17.) 

Sur  la  n6odyme.  (Read  JMarch  21.) 


Sur  la  nature  du  didyme  qui  :ic- 
compagno  Tyttria  provonant  des 
sables  monazitC's.  (Read  March 
25.) 


'  Proc.  Roy.  Soc.'  Ixiii. 
4:J7-440;  'Science  Abstr.' 
i.7]8(Abs.);<Bciblalter/ 
xxii.  51.3-514  (Abs ) ; 
1  Keitschr.  f.  physikal. 
Chem.'  xx\i.  501- 507 
(Abs.) 

1 1'roc.  Roy.  Soc.'  Ixii. 
31tf-;j24  ;  •  Chem.  News/ 
Ixxvii.  01  -01  ;  '  Chem. 
Ccntr.1  1898,  I.  707 
(Abs.) 

4  Chem.  /eituiig,'  xxii.  38, 
59;  'Chem.  Contr.'  1898, 
I.  477,  6:U-5H2  (Abs.) 

'J.  Chem.  Soc.'  Ixxiii. 
254-255;  « Chem.  Contr.' 
1898,  I.  110:j  cAbs.) 

'Bull.  Soc.  Chim.'  [3], 
xix.  227-24 J. 

'Zeilschr.  f.  physikal. 
Chem.'  xxv.  112-114; 
'Chem.  Centr.1  1«98,  I. 
05(J-057. 

'Proc.  Chem.  Soc.'  xiv. 
70-72;  'Chem.  Centr.' 
1898,1.919-920. 

'C.  R.'  cxxvi.  900-901; 
4  J.  Chem.  Soc.'  Ixxiv.  11. 
518  (Abs.'i 

'Bull.  Soc.  Chim/  [3], 
xix.  38U382;  •Chum. 
News,'  Ixxviii.  74  ;  '  J. 
Chem.  Soo.'  Ixxvi.  II. 
424- 125  (Abs.) 
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A.  de  Gramont 


J.  W.  Briihl   . 


A.  do  Gramont 


J.  \V.  Brtthl 


F.  Kriigcr 


CHEMICAL  RELATIONS,  1898. 
Analyse    spectrale    dcs    composes 
non    conducteurs    par    les    sels 
fondus.     (Read  April  18.) 


Spoctrochc'inio       des 
VI,    (Read  May  12.) 


Stickstoffs, 


! 

i  Analyse  spectrale  de  quelques 
•  iiiinfraux  non  conducteurs  par 
I  le*  sels  fondus  ct  reactions  des 
i  elements.  (Head  May  23.) 

|  Spectrochemie  dcs  Stickstoffs ; 
VT1.  Sauerstoffverbindungen  des 
Stickstoffs  im  gelo'stem  Zustandc. 
(Head  May  23.) 


Die  BestimmunK  des  Ilumoglobin 
im  Katzenblute.     (May.) 


W.     Ramsay     and 
M.  W.  Truvers. 


A.  Boudouard 


Sir  W.  Crookcs       . 


W.     Ramsay     and 
M.  W.  Travcrs. 


A.  de  Gramont 


W.     Ramsay    and 
M,  VV.  Travels. 


Stir  im  nouvol  <.'• lament,  const  i- 
tuant  d«  1'air  atjuosphcrique. 
(Ueud  June  6.) 


Sur  les  terrcs  yttriqiies  continues 
dans  les  Cables  mouaaites.  (Read 
June  G.) 

On  the  Position  of  Helium,  Argon, 
and  Krypton  in  the  System  of 
Elements.  (Read  June  y.) 

On  a  New  Constituent  of  Atmo- 
spheric Air.  [Krypton.]  (Read 
June  ».) 


Spectres  de  dissociation  des  sels 
fond  us ;  metalloides,  carbone. 
(Read  June  10.) 

Spectres  dc  dissociation  des  sels 
fondus ;  inetalloYdes,  silicium. 
(Read  June  10.) 

Nouveaux  gax  dc  1'air  atmo- 
spli6rique.  [Neon.]  (Read  June 
20.) 


'C.  R.'cxxvi.  1155-11E7; 
4  Nature,  '  Ivii.  (>21  (Abs.)  ; 
1  Chem.  News,'  Ixxvii. 
118-119. 

•  Zeitschr.      f.      physikal. 
Chem.'     xxv.     577-(>50  ; 
^Ber/  xxxi.   1350-1370; 
•  .F.  Chem.  fioc.'  Ixxiv.  II. 
302-363  (Abs.)  ;  «  Cliem. 
News,'  Ixxix.  202  (Abs.) 

•  C.  R:  cxxvi.  1613-1515; 

1  •  J.  Chem.  fcoc.'  Ixxiv.  II. 
C3.1-63G  (Abs.)  ;  «  Chem. 
News,'  Ixxviii.  2  -3. 

4  Zeitpchr.  f  .  physikal. 
Chem.'  xxvi.  47-70; 
'Her.'  xxxi.  1465-1477; 
'Beibliitter,'  xxii.  (561- 
662  (Abs.);  'J.  Chem. 
Soc.'  Ixxiv.  II.  417-418 
(Abs.);  'Chem.  News,1 
Ixxix.  215  (Abs.) 

•  Zeitschr.       f.      physiol. 
Chem.'     xxv.     256-257  J 
Them    Cuntr/  1898,  II. 
494  (Abs.) 

«C.  R.'  cxxvi.  HS10-1G13; 
4  Them.  Centr.1  1S9S,  II. 
Kl  (Abs.);  •Chem.  News,1 
Ixxvii.  270  (Abs.)  ;  4  Na- 
ture,' Iviii.  167  (Abs.) 

•C.  R.1  cxxvi.  1618-1651; 
4  J.  ('hem.  Soc.'  Ixxiv.  II. 
587(Abs.);  4Chern.News,' 
Ixxviii.  28. 

•Proc.    Roy.    Soc/    Ixiii. 
•'OS-Ill;     «  Zeitschr.    f 
.  Chem.'xviii.  72-76. 


•Proc.  Roy.  fc>oc.'  Ixiii. 
405-408;  «  C.  R.'  cxxvi. 
1610-1613;  *  J.  dePhys.' 
[3],  vii.  393-396;  *  Bei- 
bliitter,' xxii.  513-514 
(Abs.) 

•  Bull.  Soc.  Chiui.'  [3]  xix. 
548-550  ;  «  Chem.  News,* 
Ixxviii.  270-271. 

•  Bull.  Soc.  Chirn.'  [3],  xix. 
r>51;      4Chem.      News,' 
Ixxviii.  258  (Abs.) 

4C.  R.'  cxxvi.  1762-1763; 
4  Chem.  Centr.'  1898,  II. 
81  (Abs.);  'J.  Chem. 
Soc.'  Ixxiv.  II.  574  (Abs.) 
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a.  Urbain 


A.  dc  Gramont 


R.  Nasini,  F.  An- 
derlini,  and  R. 
Salvadori. 


J.  Dewar 
O.  Neovius 


W.     Ramsay     and 
M.  W.  Travcrs. 


A,  de  Gramont 


H.  R.  Procter . 


W.  Ramsay  and  M. 
W.  Travcrp. 


W.  Ramsay    . 


E.  Eiegler 


A.  J.  S waving 


CHEMICAL  RELATIONS,  1898. 

Sur  les  terres  yttriques  provenant 
des  sables  ruonazit£s.  (Read 
July  11.) 


Analyse  spectralc  des  corps  non- 
conducteurs  par  les  seis  fondus. 
(Read  July  22.) 

Sulla  probabile  presenza  del 
coronio  e  di  nuovi  element! 
nei  gas  dell  a  Solfatara  di  Pos- 
suoli  e  del  Vesuvio.  (Read 
Aug.  7.) 

Metargon.     (Aug ) 

Ueber  das  •vcrmuthlichc  Vorkom- 
men  eines  bis  jetzt  unbckannten 
Stoffcs  in  der  Atmosphiire. 
(Sept.) 


On  the  Extraction  from  Air  of  the 
Companions  of  Argon,  and  on 
Neon.  (Sept,) 


Observations sur  quelques  spectres; 
aluminium,  tellure,  selenium. 
(Read  Nov.  28.) 


The  Refractive  Constant  in  Oil  and 
fat  analysis.     (Nov.) 


The  Preparation  and  some  of  the 
Properties  of  Pure  Argon.  (Read 
Dec.  15.) 


•C.  R.'  cxxvii.  107-108; 
'  Chem.  Centr.'  1898,  II. 
408  (Abs.)  ;  '  Chem. 
News,'  Ixxviii.  61. 

'  Bull.  Soc.  Chim.'  [3],  xix. 
742-74(5 ;  '  Chem.  Centr.' 
1898,  II.  788  (Abs.) 

*  Atti  R.  Accad,  d.  Lincei ' 
[5],  vii.  73-7 i;  '  Chem. 
Centr.'  1898,  II.  (317 
(Abs.) ;  '  J.  Chem.  Soc.' 
Ixxvi.  II.  482-183  (Abs.) 

1  Nature,'  Iviii.  319;  '  Bei- 
blatter/  xxiii.  395  (Abs.) 

*Ann.  Phys.  u.  Chem.' 
[N.F.],  ixvi.  102-169; 
4  Chem.  Centr.'  1898,  II. 
252  (Abs.)  ;  «  Science 
Abstr.'  ii.  52;  'Nature/ 
lix.  46  (Abs.) 

'Brit.  Assoc.  Report/  1898, 
828-830;  'Chem.  News/ 
Ixxvii.  154-155  ,-  (  Chem. 
Centr/  1898,  II.  852-853 
(Abs.) 

'0.  R/  cxxvii.  866-868; 
'Chem.  Centr.'  1899,  I. 
14 (Abs.);  '  J.Chem  Soc/ 
Ixxvi.  II.  199  (Abs.); 

'  Chem.  News/  Ixxix.  35 
(Abs) 

'J.  Soc.  Chem.  Ind/  xvii. 
1021-1025;  'J,  Chem. 
Soc/ Ixxvi.  If.  258 (Abs.); 
'Chem.  Centr.'  1899,  I. 
233-234  (Abs.) 

'  Proc.    Roy.     Soc/     Ixiv. 
183-192;  'Chem.  News/ 
Ixxix.  49-50;   *  Zeitschr. 
i     f.  physikal.  Chem.'  241- 
i     250. 

Ueber  die  neuerdings   entdeckten  '  Ber.'    xxxi.    3111-3121  ; 

Gase    und    der    Beziehung    xum  'Chem.   Centr.'    1899,  I. 

peiiodischen  Gesetz.     (Read  Dec.  !     323-324 
19.) 


Eine  neue  Methode  zur  Bestim- 
mung  der  Phosphorsilure  auf  re- 
fractometrischem  Wege.  ('  Bule- 
tinul  Soc.  Sci.  Bucarest/  vii.  172- 
174.) 

Ueber  die  practische  Verwendung 
des  Refractometers  fiir  die  Buttei- 
untersuchung.  ('  Landw.  Ver. 
Stat/  xlix.341~347.) 


(Abs.)  ;  *  J. 
Chem.  Soc.'  Ixxvi.  II. 
21 1-212  (Abs.);  «  Science 
Abstr/  ii.  370-371. 

'Chem.   Centr.'  1898,   II. 
313-314  (Abs.) 


4  Chera.    Centr/ 
352  (Abs.) 


1898,    L 
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H.  Zikes 


CHEMICAL  RELATIONS,  1898,  1899. 
Refractometrische         Bieranalyse  |  <Chem.    Ccntr.'    1898, 


nach  Herkules  Tornoe.  ('  Oesterr. 
Chem.  Zeitung,'  i.  7-9.) 


1311  (Abs.) 


Sir  J.  Conroy 


A.  Nabl  . 


B.  Hassclberg 


M.  Wager 


W.  N.  Hartley  and 
H.  Ramage. 

Sir  J.  N.  Lockyer  . 
W.  Hallwachs 


R.  T.  Giinther  and 
J.  J.  Manley. 

M.  Berthelot  . 
P.  Lewis 


C.  Benedicks  . 


J.    B.    Fiankforter 
and  K.  P.  Hard- 


A   Chilesotti  . 
Sir  J.  N.  Lockyer  . 


1899. 

On  the  Refractive  Indices  and 
Densities  of  Normal  and  Semi- 
normal  Solutions  of  Hydrogen 
Chloride  and  the  Chlorides  of  the 
Alkalis.  (Read  Jan.  19.) 

Ueber  farbende  Bestandtheile  des 
Amethysten,  Citrins,  und  gebrann- 
ten  Amethysten.  (Read  Feb.  3.) 

Note  sur  la  diffusion  cosmique  de 
vanadium.  (Read  March  8.) 


Oel-  und  Firnisanalyse  mittels  Re- 
fractometers.     (March.) 


A  Spectrographic  Analysis  of  Iron 
Meteorites,  Siderolites,  and  Me- 
teoric Stones.  (April.) 

The  Present  Standpoint  in  Spec- 
trum Analysis.  (April.) 

Ueber  ein  Doppelrefractometer 
und  Untersuchungen  mit  dem- 
selben  au  Losungen  von  Brom- 
cadmiurn,  Zucker,  I)i-  und  Tri- 
chloressigsiiure,  sowie  deren 
Kaliumsalze.  (May.) 

On  the  Waters  of  the  Salt  Lake  of 
Urmi.  (Read  June  15.) 

1  Nouvelles  recherches  sur  1'argon  et 
,     ses  combinaisons.  (Read  July  10.) 

!  Ueberden  Einftuss  kleiner  Beimen- 
gungen  zu  einem  Uase  auf  dessen 
Spectrum.  (July ) 


Beitrilge  zur  Kenntnis  des  Gado- 
liniums.   (Sept.) 


A  Chemical  Study  of  Wheat.  (Sept.) 


Sul  potere  rifrangente  di  alcuni 
idrocarburi  a  nuclei  benzolici  con- 
densati.  (Read  JSov.  14.) 

The  Methods  of  Inorganic  Evolu- 
tion. (Nov.) 


1  Proc.  Roy.  Soc.'lxiv.  308- 
IJ18. 


'Monatsh.  f.  Chem/  xx. 
272-281;  '  J.  Chem.  Soc.' 
Ixxvi.  11.561  (Abs.) 

*  Oefvers.  K.  Svenska  Vet. 
Akad.  Furhandl.'  Ivi.  131- 
140;  'J.  Chem.  Soc,' 
Ixxx.  II.  251.  (Abs.) 

4  Zeitschr.  f.  angew.Chem.' 
1899,  297-300;  4  Chem. 
Ceritr.'  1899,  I.  1004- 
1005  (Abs.) 

'  Astrophys.  J.'  ix.  221- 
228. 

'  Nature,'  lix.  585-588. 

'Ann.  Phys.  u.  Chem.* 
[N.F.],  Ixviii.  1-4  ;  4J. 
Chem.  Soc.'  Ixxvi.  II. 
4G1-4G2  (Abs.)  ;  *  Science 
Abstr.'  ii.  597. 

*  Proc.    Roy.     Soc.'    Ixv. 
312-318:     'Nature,'    Ix. 
359-360  (Abe.) 

'  C.  R.'  cxxix.  71-84 ; 
'  Nature/  Ix.  288  (Abs.) 

'Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixix.  398-125 ; 

*  Astrophys.   J.'  x.  137- 
163;  '  Science  Abstr.'  iii. 
181. 

*  Zeitschr.  f.  anorg.  Chem.' 
xxii.    393-421;    'Chem. 
News,' Ixxxi.  61-53,  62- 
63,  77-78. 

« J.  Amer.  Chem.  Soc.' 
xxi.  758-769;  'J.  Chem. 
Soc;  Ixxviii.  II.  37  (Abs.) 

*  Qazz.  chim.  Ital.'  xxx.  I. 
149-109  ;  '  Chem.  Centr.' 
1000,  I.  797  (Abs.) 

'  Nature,'  Ixi.  129-131. 
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A.  Haller  and  P.  M. 

Miiller. 


F.  Stolle 


J.  Formiinek  , 


V.  Arnold 


CHEMICAL  RELATIONS,  1899,  1900. 

Sur  les  refractions  moleculaires,  la 
dispersion  moleculaire,  et  le  pou- 
voir  rotatoire  do  quolques  alcoyl- 
camphres.  (Read  Dec.  11.) 

Untersuchungen  iiber  Karamel- 
korper.  II.  Quantitative  Bestim- 
mung  des  Karamels  in  wasserigen 
Losungen  mittels  des  Spectro- 
scops. 

Ueber  den  spectroscopischen  Nach- 
weis  der  organischen  Farbstoli'e 
('  Z.  Unters.  Nahr.-Genus.'ii.  260- 
273.) 

Ein  Beitrag  zur  Spectroscopie  des 
Blutes  ('  Centralbl.  f.  nied.  Wiss.' 
xxxvii.  465-468.) 


1  C.  R.'  cxxix.  1005-1008  ; 
•  Beibliitter,'  xxiv.  448 
(Abs.);  'J.  Chem.  Hoc.' 
Ixxviii.  I.  182  (Abs.) 

1  Zeitschr.  ver.  Ruben- 
s'ucker-Industr/  xlix. 
830-842 ;  *  Chem.  Centr.' 
1899,  II.  1099  (Abs.); 
'J.  Chem.  Soc.'  Ixxviii. 
11.  2 19-250  (Abs.) 


1  Chem.    Centr.' 
947  (Abs.) 


1  Chem.   Centr.' 
344  (Abs.) 


1899,    I. 


1899,   II. 


S.      Young      and 
Emily  C.  Fortey. 

\V.  N.  Hartley  and 
J.  J.  Dobbie. 


A,   Ladenberg  and 
C.  Kriigel. 


E.  Demarc;ay . 


J.  Formanek  . 


Sir  J.  N.  Lockyer  . 


E.  Demarcay 


GK    v.    Georgievics 
and  E.  Valenta  . 


E.  Demarcay . 


1900. 

Note  on  the  Refraction  and  Mag- 
netic Rotation  of  Hexamethylune. 
(Read  Feb.  15.) 

Spectrographic  Studies  in  Tauto- 
merism.  The  Absorption  Curves 
of  the  Ethyl  Esters  of  Dibcr.zoyl- 
succinic  Acid.  (Read  March  1.) 

Ueber  das  Krypton.     (March.) 


Sur  le  Samarium.  (Read  April  30.) 


Ueber    Acetophenon  Azobilirubin. 
(April.) 


On  the  Chemical  Classification  of  j 
the  Stars.    (Read  May  4.) 


Sur  les  terres  inconnues  contenucs 
dans  la  samarine  brute.  (Read 
May  28.) 

Ueber  die  Azofarbstoffe  aus  ]8- 
naphtol  und  den  Monosulfosiiuren 
des  a  -  naphtylamins.  (Read 
June  15.) 

Sur  le  gadolinium.  (Read  July  30.) 


*J.  Chem,  Hoc.5  Ixxvii. 
372-374;  True.  Chem. 
Soc/xvi.  41  (Abs.) 

'J.  Chem.  Soc.'  Ixxvii. 
498-512;  Troc.  Chem. 
fSoc.'  xvi.  57-58  (Abs.); 
*  Chem.  News,'  Ixxxi.  141 
(Abs.) 

4  Sitzungsb.  Akad.  Berlin,' 
1900,212-217;  4J.Chem. 
vSoc.'  Ixxviii.  II.  540 
(Abs.) 

'C.  11.'  cxxx.  1185-1186; 
'Chem.  Centr.'  1900,  I. 
1 1 99-1 200(  Abs); 'Chem. 
News,' Ixxxi.  251  (Abs.)  ; 
•J.  Chum.  Hoc,/  Ixxviii. 
II.  459  (AbsO 

4  Zeitschr.f.physiol.Chem.' 
xxix.  411-115;  *  Chem. 
Centr.'  1900,  II.  129 
(Abs.) 

« I'roc.  Roy.  Soc.'  Ixv.  186- 
191;  *  Nature,' Ix.  52-54  ; 
4  J.  Chem.  Soc.'  IxKvi.  II. 
718  (Abs.) 

'C.  R.'  cxxx.  1469-1472; 
4  Chem.  Centr.'  1900,  II. 
19-20  (Abu);  4Chem. 
News,' Ixxxi.  311  (Abs.) 

'Monatsh.  f.  Chem.'  xxi. 
831-844;  'Chem.  Centr.' 
1901, 1.  222  (Aks.)  ;  '  Bei- 
bliitter,' xxv.  194  (Abs.) 

•C  R.'  cxxxi.  343-345; 
4  J.  Chem.  Soc.'  Ixxviii. 
II.  597-598  (Abs.) 
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CHEMICAL  RELATIONS,  1900.— THEORETICAL  PAPERS,  1897,  1898. 


P.  Lewis 


C.  Riviere      . 


W.     Ramsay     and 
M.  W.  Travers   , 


W.  N.  Hartley  and 
II.  Ramage . 


W.  Muthmann  and 
L.  Stiitzel   . 

F.  Enrich 
K.  Tbsen 

G.  Hiifner      . 
J.  A.  Grober  . 


Ueber  den  Einiluss  kleiner  Bei- 
incngungen  ssu  einem  Gase  auf 
dessen  Spectrum.  II.Abth.  (July). 


Indicc  do  refraction  et  dispersion 
du  brome.     (Read  Oct.  22.) 

Argon  and  its  Companions.     (Read 
Nov.  15.) 


On  a  Simplified  Method  for  the 
Spectrographic  Analysis  of  Mine- 
rals. (Read  Nov.  15.) 

Beitriige  zu  Spectralanalyse  von 
Praseodyiu.  (Nov.) 

/5ur  Empfindlichkeit  der  Spectral  - 
reactionen.  (« Wien.  Anz.'  1900, 78.) 


•Ann.  der  Fhys.'[4]  i.417- 
458;  '  Nature,'  Ixii.  381 
(Abs.);  'Astrophys.  J.' 
xii.  10-23;  '  J.  Ohem. 
Soc.' Ixxviii.  I.  701  (Abs.) 

«C.  U.'  cxxxi.  671-072; 
1  Nature,'  Ixiii.  21  (Abs.) 

*  Proc.  Roy.  Soc.'  Ixvii. 
329-333 :  4  Nature/  Ixiii. 
105;  *  Oheni.  News,' 
Ixxxii.  257-258. 

'  J.  Ghern.  Woe.'  Ixxix.  61- 
71  ;  'Proc.  Chcm.  Soc.' 
xvi.  191  (Abs.);  'Chem. 
News,'  Ixxxii.  277  (Abs.) 

•Bcr.1  xxxii.  2653-2071; 
1  Chem.  News,'  Ixxxii. 
282  (Abs.) 

<  Beibliitter,'  xxiv.  471 
(Abs.) 


Ein    weiterer    Beitrag  zurn  spec-  \  *  Chem.    Centr.'    1900,    i. 
tralen   Blutnachweis.     ('Viertel-        088-689. 
jahrb.  f.  ges.  Med.' xix.  1-9.) 

Ueber    die      1<  '••V.-'.r  -.-    Bestim-  |  '  Chem.   Centr.'    1900,    i. 

mun£  zweiti    1'ai i •-!•:!••  im  Blute  i     512-513 

mit  Iliilfe  des  Spectrophotometer.  j 
(•  Arch.  f.  Physioi;  1900,  39-48.) 

Quantitat  iven  /juckerbestimmun- 
gen  mit  dern  Kintauschrefracto- 
meter.  ('  Centralbl.  f.  inn.  Med.' 
xxi.  201-217.) 


Chem.   Soc.'  Ixxviii.    II. 
459  (Abs.) 

•Choin.    Centr.'    1900,    i. 
020-627  (Abs.) 


G.  F.  KitzGerald 
A.  Cornu        . 


II.  A.  Lorenti'. 

P.  Drude 

A.  Schuster    . 


IX. 

THEORETICAL   PAPERS. 

1897. 
Xeeman's  Phenomenon.     (Sept.) 

Sur  Vobservation  et  Interpretation 
cin6matique  des  phenomenes  d6- 
couvertes  par  M.  le  Dr.  Zeeman. 
(Read  Nov.  5.) 

j  Ueber  don  Eintluss  magnet ischer 
Krilfte  auf  die  Emission  des 
Lichtes.  (Dec.) 

1898. 

Die  optische  Constanten  des  Na- 
triums. (Feb.) 


•  Nature,' Ivi.  168. 

'  Stances  do  la  Soc.  Franc, 
de  Phys.'  1897, 138-143. 


'Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixiii.  278-284; 
•Science  Abstr.'  i.  387- 
388 


'Ann.  Phys.  u.  Chem.' 
[N.F.],  Ixiv.  159-162; 
''Nature/  Ivii.  500  (Abs.) 

Prof.  C.  Runge  and  F.  Paschon's  '  •  Nature,'  Ivii.  320-321 ; 
Researches  on  the  Spectra  of  Oxy-  '  *  Ann.  Phys.  u.  Chem.' 
gen,  Sulphur, and  Selenium.  (Feb.)  ("N.F.],  Ixi.  041;  '  Dei- 

'    bliiitcr  '  xxii.  400  (Abs.) 
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G.  F.  FitzGerald 


A.  Pfliisrer 


J.  G.  Leathern 
J.  Wilsing      . 

A.  Righi 

H.  A.  Lorentz 

S.  A  Mitchell 

Lord  Kelvin  . 
C.  A.  Mebius . 

W.  Voigt 
A.  Bovida 


THEORETICAL  PAPER?,  1898, 

Note  on  the  Connection  between 
the  Faraday  Rotation  of  Plane  of 
Polarisation  and  the  Zceman 
Change  of  Frequency  of  Light  Vi- 
brations in  a  Magnetic  Field. 
(Read  March  10.) 

Pr  lifting  der  Ketteler-Helmholtz- 
'schen  Dispersionsformeln  an  den 
optischen  Constanten  anomai- 
dispergirender  fester  FarbstoiTc. 
(April.) 

Nachtrag  zu  der  Abhandlung 
*  Priifung  der  Ketteler-Helm- 
holt  z'schen  Dispersionsf  ormeln 
an  den  optischen  Constanten 
anomal  -  dNpi-iuiivnder  fester 
Farbstoffe.'  (\prii.) 

Priifung  der  Cauchy'schen  Formeln 
der  Ivletallreflexion  und  den  opti- 
schen Constanten  des  festen  Cya- 
nins.  (April.) 

On  the  Possibility  of  Deducing 
Magneto-optic  Phenomena  from  a 
Direct  Modification  of  an  Electro- 
dynamic  Eneigy  Function.  (Head 
May  16.) 

Theoretical  Considerations  respect- 
ing the  Dependence  of  Wave- 
length on  Pressure  which  Messrs. 
Humphreys  and  Mohler  have 
observed  in  the  Arc  Spectra  of 
certain  Elements.  (May.) 

Sulla  interpretazione  cinematica 
del  fenomeno  di  Zeemau.  (Head 
June  11.) 

Beschouwingen  over  den  Invloed 
van  een  magnetisch  Veld  op  de 
Uitstraling  van  Licht.  (Read 
June  25.) 

Notes  on  the  Concave  Grating. 
(June.) 

TheDynamical  Theory  of  Refraction 
and  Anomalous  Dispersion,  (Sept  ) 

Om  B.  Galitzin's  teorie  for  spectral- 
liniernas  utbredning.  (Read  Oct. 
12.) 

Zur  Theorie  der  von  den  Horrcn 
Macaluso  und  Corbino  enfcdeckten 
Erscheinungen.  (Read  Nov.  26.) 

La  luce  monocromatica  come 
vibrazione  aminortita.  (Nov.) 


4  Proc.  Roy.  Soc.'  Ixiii.  31- 
35  ;  *  Science  Abstr.'  i. 
386-387  ;  '  Beibliitter/ 
xxiL  869-870  (Abs.) 


*  Ann.  Phys,  u.  Gheni.' 
[N.F.],  Ixv.  178-213  ; 
'Science  Abstr.'  i.  637- 
638. 


'Ann.     Phys.    u.     Chem/ 
[N.F.],  Ixv.  225-228. 


1  Ann.  Phys.  u.  Chem/ 
[N.F.],  htv  214-224; 
'Science  Abstr.'  i.  639 
(Abs.) 

'Trans.  Phil.  Soc.  Camb/ 
xvii.  16-40;  « Proc.  Phil. 
Soc.  Camb/  ix.  530-531 
(Abs.)  ;  '  Beibhitter/ 
xxiii.  257-258  (Abs.) 

4Astrophyrf.  J/  vii.  317- 
329;  « Beibltitter/  xxii. 
558-559  (Abs  )  ;  '  Sciencj 
Abstr/  i.  0:l.9-61(). 


1  Rend.  R.  Accad.  d.  Li-  ce  ' 
[6],  vii.  I.  295-301  ; 
*  Science  Abstr/  ii.  165- 
167. 

'  Xittingsversl.  R.  Akad. 
Amsterdam/  1898-9, 
Deel,  vii.  113-122  ; 
4  Nature,'  Iviii.  360  (Abs.) 

1  Johns  Hopkins  Univ. 
Circ/xvii.  56-58  ;  *  Astro- 
phys.  J/  viii.  102-112. 

'  Brit.  Assoc.  Report/  1 898, 
782-783. 

*  Oefvers.af.  K  Vet.  Acad. 
Forh/  Iv.  485-495  ;  '  Bei- 
bhitter/  xxiii.  419-420 
(Abs.) 

'Gott.  Nachr/  1898,  IV. 
349-354. 

4  Rivista  scientifica,'  xxx. 
225-236; « Science  Abstr/ 
ii.  599-600. 
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R.  v.  Kovesligethy 


J.  Uarlmann . 


Ch.  Fabry  and  A. 
Perot.  * 


D.    Macaluso    and 
0.  M.  Corbino. 


A.  Cotton 
Lord  Kelvin  . 

0.  M.  Corbino 

J.  Larmor 
F.  Schlcsinger 
II.  Poincaru   . 
IT.  Veilluii      . 

W.  Voigl 


Lord  Ray  lei  gh 
W.  Voigt 


THEORETICAL  PAPERS,  1898. 

Per  beiden  Parametcrgleichungen 
der  Spcctralanalyse. 


Ueber  ein  cinfacbe  Interpolations- 
formel  fiir  das  prismatisclie  Spec- 
ti  mil.      ('  Publ.      d.      Astropliys.  I 
Obsorvat.  z\\  Potsdam,'  xii.  25  pp.)   j 

Tlit'orie  ct  applications  d'une 
nouvelle  methode  de  spectroscopie 
mt  erf  ('rent  ielle.  (Jan.) 

Sulla  relaziono  tra  il  fenomeno  di 
Zeeman  e  la  rotazione  magnetica 
nnoruala  del  piano  de  polarizza- 
zione  della  luce.  (Read  Feb.  5  ) 

L'aspect  actuel  dc  la  loi  de  Kirch- 
boil1.  (Fob  ) 

Appl'cation  of  Ncllmeicr'*  Dynami- 
cal Theory  to  the  Dark  Lines,  T),, 
D,,  produced  by  Sodium  Vapour. 

eft*.) 

Sulla  dipemlenzatra  il  fcnomono  di 
Zeonian  e  le  altri  iiiodilic.ax.ioni 
che  la  luce  subiscc  dai  vapori 
inctallici  in  un  carcpo  magnetico. 
(Head  March  5.)  | 

On  the  Origin  of  Magneto-optic 
notation.  (Head  March  0  ) 

Reduction  to  the  Sun  of  Ob«crva- 
tions  for  Motion  in  the  Line  of 
Bight.  (Feb.) 

Ln  theorio  do  Lorcntz  et  lc  pht'no- 
menu  <le  Kuenian.  (April.) 

Klcmcntarc  sooipetrischo  Behand- 
lun^doH  Minimiimsdcr  Ablonkiing1 
1     bciin  Prisinn.     (May.) 

Weiteies  zur  Thcorie  des  Zccnuin- 
(Juno.) 


*  Math.  u.  naturwiss.  Ber. 
aus  Ungarn,'  xvi.  1-50 ; 
'  Beiblatter,1  xxiv.  1280- 
1281  (Abs.) 

'Astroph^s.  J.f  viii.  218- 
2*22. 


1  Ann.  Chim.  etPhys.'[7], 
xvi.  11 5.1 44; 'Beiblatter,' 
xxiv.  178-180  (Abs.) 

1  Rend.  11.  Accad.d.  Lincei ' 
[5],  viii.  I.  116-121;  •!! 
Nuovo  Cimento '  [4],ix. 
3H4-389. 

4  Rev.  gen.  des  Sciences,' 
x.  102-115. 

•Phil.  Mag*  [5],xlTii.  302- 
308  ;  '  tSeience  Abstr.'  ii. 
MS  ;  'Astrophys.  J.'  ix. 


1  Atti  II.  Accad.  d.  Lincei ' 
[5],  viii.  I.  250-254  ; 
*  Science  Abstr/  ii.  661- 
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'Proc.  Phil.  Soc.  Camb.' 
x.  1H1-1H2;  •  Nature,'  lix. 
527  (Abs.) 

'Astropliys.  J.'  ix.  150- 
161  ;  'Science  Abstr.' ii. 
728. 

4 1/ficlairage  elect rique,' 
xix .  5-1 5  :  *  Sci once 
Ab.str.Mi.  737. 

1  Zeitschr.  f.  phys.  u. 
cliein.  Untcri.'  xii.  130- 
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The  Theory  of  Anomalous  Disper- 
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findenden  Intensitatsverhalt- 
qisse.  (Sept.) 
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•  Science  Abstr.'  ii.  662. 
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The  Determination  of  the  Moon's 
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'  Beiblatter,'  xxiv.  930- 
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Littt  of  the  Chief  Abbreviations  ituert  in  the  abore  Catalogue. 


Abbreviated  Title. 
Amer.  J.  Sci.      . 
Ann.  Agron. 
Ann.  Chem.  u.  Phnrm. 
Ann.  Chim.  et  Phys.  . 
Ann.  de  Chim. 
Ann.  Obs.  Bruxelles   . 
Ann.  Phys.  u.  Chem.  [N.F.J 

Arch,  de  Geneve 

Arch.  f.  Anat.  u.  Physiol. 

Arch.     f.     d.     gesammto 
Physiol. 


Full  Titlo. 

American  Journal  of  Science  (iSilliman's). 
Annales  Agronomiques. 
Annalen  der  Chemie  und  Pharmacie  (Liebig). 
Annales  de  Chimie  et  de  Physique. 
Annales  de  Cliimic. 

Annuaire  de  1'Observatoire  de  Bruxelles. 
Annalen     der     Physik    und    Chemie    [Neue    Folge] 

(Wiedemann). 

Archives  des  Sciences  Physiques  et  Naturelles  (Geneve). 
Archiv   fiir  pathologische  Anatomic  und  Physiologic 

und  f iir  kiinische  Medicin  (Virchow). 
Archiv  fur  die  gcsammte  Physiologie  (Pfliiger). 
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Abbreviated  Titk-. 
Arch.  f.  exper.  Pathol.  u. 

Pharmakol. 
Arch.  n6erland  . 


Full  Title. 
Archiv  fiir  expcrimentelle  Pathologic  und  Pharmako- 

logie. 
Archives  neerlandaises  dcs  Sciences  exactes  et  natu- 

relles  (Haarlem). 
Astronomische  Naclirichten. 
The  Astrophysical  Journal  (Chicago). 
Atti  della  Reale  Accadomia  del  Lincei. 
Itaihliltter  zu  den  Annalen  der  Physik  und  Ghemie 

(Wiedemann). 
Ber Bcrichte  der  deutschen  chemischen  Gesellschaft. 


Astr.  Nachr. 
Astrophys.  J. 

Aiti  d.  H.  Accal.  d.  Lincei 
Beibliitter  .... 


Bied.  Centr. 
Bot.  Zeitung 
Bull.  Astron. 
Bull.  Soc.  Ohim. 
Bull.  Soo.  Min.  dc 
Bull.  Acad.  JJelg. 


Chem.  Contr. 

C.  H 

Dunkschr.  Akad.  Wion 


Dinpl.  J 

Gazz.  chim.  ital. 
Gott.  Nachr. 

Handt.  Svonsk.  Vet.  Akad. 
Jahib.  f.  Photoj-r. 


Biedermann's  Centralblatt  fiir  Ajmculturchemie. 
.     Botanische  Zeitung. 

.     Bulletin  Astronomique  (Observatoire  de  Paris). 
.     Bulletin  de  la  Societe  Chimique  de  Paris 
Franco    Bulletin  de  la  Socioto  Min6ralogiquc  de  France. 

.     Bulletin  de  T  Academic  royale  des  Sciences,  des  Lettres 

et  des  Beaux- Arts  de  Belgique. 
.     Chemisches  Centralblatt. 

.    Comptes  Rend  us  de  I'Acadomie  des  Sciences  (Paris). 
Denkschriften  der    Akadcinie  der  "\Vissenschaften  in 
W  i  e  n        (  Mathematisch  -  naturwisseuschaf  tlicho 
Classe). 

Dingler's  polytcchnisches  Journal. 
Gazzetra  chimicaitaliana. 

Nuchrirhtcn  von  der  Georg-Auffust-Universit:it  und  der 
kfrnigl. (roseliscliattderWis8enschaften(( i>\m\ :r.:.-i  i:). 
Haiidlin^arK.SvenskaVetenskaps  Akademiens  (Stock- 
holm). 
Jahrbuch  fiir  Pholojrvaphie  (Eder). 


J.  Chom.  Soo Journal  of  the  Chemical  Society'  of  London. 


J.  de  Phys. 

J.  Phjsiol 

J.  prakt.  ('hem.  . 

J.  Russ.  Pliys.-Chem.  Soc. 

J.  Soc.  Chein.  Ind. 
J.  Soc.  franc,  de  Phys. 
Math.  u.  natunviss.     Ber. 

aus  lTiig:irn. 
Mem.  spettr.  ital. 
Moiuitsb.  Akad.  I  Soil. 

Monatsh.  f.  Chem.      .         . 
Month.  Not .  R. A.S.     . 

Oefvers.  af   I\.  Vet.  Akad. 


Phil.  : 
Phil.  Trans. 

Phot.  Mitthril.   . 

Phys.  Review 

Phys.  Revue 

Proo.  Phys.  Soo. . 

Proc.  Roy.  Inst. . 

Proo.  Roy.  Soo.  . 

Rec.  des  trav.   chim.    dci» 

Pays-Bas. 

Rend.  R.  Accad.  d.  Lincei 
Rev.  go"  n.  des  So,i. 

Riv.  sci,  industr. 


Journal  de  Physique. 

Journal  of  1'hysiolopy. 

Journal  fiir  praktischo  C'hcmie. 

Journal  of  the  Russian  Phy^ico-Chemical  Society  (in 

Russian). 

Journal  of  tho  Society  of  Chemical  Industry. 
Journal  do  la  Sooirle  franoaise  de  Physique. 
Mathematische    und    naturwi&sensclmftliche   Berichte 

aus  Unguni. 

]\T(»morio  dolla  Sooiot:\  doprli  Spetiroscopisti  italiani. 
Monatsboriuhte  dijr  Akjulomic  der  Wissunschnf ton  zu 

Berlin. 

Monatshofte  f\lr  Chcmio  (Wion). 
Monthly  Notices  of  the  Royal  Astronomical  Society  of 

London. 
Oofvorsigt  a,f  K.  Svcnska  Yetonskaps  Akadomiens  F«5r- 

handlingar. 

London,  T'V-"  .    '  .  .•  "  Publiu Philoso])hical Magazine. 
Philosophical   Transactions   of  tho   Royal    Society  of 

London. 

Phntographische  Mitthcilun^cn  (Vogol). 
Physical  Review. 
Physikalische  Revue. 

Proceedings  of  the  Physical  Society  of  London. 
Proceedings  of  the  Royal  Institution  of  Great  Britain. 
Proceedings  of  the.  Royal  Society  ot  London. 
Recueil  dos  travaux  cliimiques  ties  Pays-Bas. 

Rendicontl  della  Reale  Acc«ademia  dei  Lincei. 

Revue    genera-lo    des    Sciences   pures    et    appliquc*es 

(Paris). 
Rivistascientilico-iudustrialo. 
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Abbreviated  Title.  Full  Title. 

Sitzungsb,  Akad.  Bcrl.       .     Sitzungsberichte  dcr  Akademie  dor  Wissenschaften  zn 

Berlin, 
^itzungsb.  Akad.  Munchen    Sitzungsberichte  der  koniglich  baierischnn  Akademie 

zn  Munchen. 
Sitzungsb.  Akad.  Wien,     .    Sitznngsberichte  der  Akademie  der  AVissenschaften  zu 

Wien. 
Sitzungsb.  phys.-mecl.  Soc.     Sitzungsberichte  der  phys.-medicinischen  Socictiit  zu 

Krlangen.  Erlangcn. 

Skand.  Arch.  f.  Physiol.     .     Skandinavisches  Arcliiv  fiir  Physiologie  (Leipzig). 
Verb.      phys.      Gesellscb.    Verhandlungen    der    pbysikalischen    Gesellschaft    zu 

Berlin.  Berlin. 

Versl.    d.   K.   Akad.  Wet.    Verslagen  van  de  Koninklijke  Akademie  van  Weten- 

Amsterdam.  scbappen  te  Amsterdam. 

Wien.  Anz.          .        .  Anzeiger  der  k.  Akademie  der  Wissenschaf  ten  zu  Wien. 


Zeitschr.  f.  anal.  Chem. 
Zeitscbr.  f.  anorg.  Cbem. 
Zeitscbr.  f .  Kryst.  u.  Min. 
Zeitscbr.  f.  phyt-ikal.  Chem 
Zeitschr.  f.  phys.  u.  chem 


Zcitschrift  fiir  analytische  Chemie. 

Zeitschrift  fiir  anorganische  Chemie. 

Zeitscbrift  f"«  K'.^-.-.r*  .  :,:|',iii    -i.-l  Mineralogie. 

Zeitschrift  I'M  |  i.i-.  %:i,:  »••  *•  (  l.«  r.i«- 

Zeitschrift  fur  physikaliscben  und  chemischen  Unter- 


Unterr.  richt. 

Zeitschr.  f.  pbysiol.  Cbem.  Zeitschrift  fiir  physiologiscbc  Chemie. 

Zeitschr.    f.  wiss.    Micro-  Zeitschrift  fiir  wissenscbaftliche  Microscopic. 

scopie. 

Absorption  ftpectraand*  Chemical  Con  slit  nf  ion  of  Organic  Substances.  — 
Third  Interim  Report  of  the,  Coinrtnttee^conslstinff  of  Professor  W. 
NOEL  HARTLEY  (Chairman  and  tfec>rct(tri/).  Professor  F.  ]{.  JAPP, 
Professor  J.  J.  DOBBIE,  and  Mr.  ALEXANDER  LAUDER,  anointed 
to  investigate,  the  Relation  between  ike  Absorption  Spectra  <tnd 
Chemical  Constitution  of  Organic  fiulwtances. 

APPENDIX.  —  List  of  Absorption  Spectra  investigated  .....    page  225 

THE  Committee  decided  to  report  this  year  upon  tlio  examination  of 
isomeric  cyanogen  compounds.  The  preparation  of  some  of  these  sub- 
stances in  a  state  of  purity  had  proved  to  be  an  exceedingly  tedious  piece 
of  work,  but  the  labour  bestowed  has  been  fully  justified  by  the  results 
obtained. 

A  further  contribution  to  studies  in  tautomerism  has  been  completed 
by  an  examination  of  the  absorption  spectra  of  diheiizoylmethane  and 
a-oxybenzalacetophenone  (n-hydroxybonzylidone  acetophenone). 

Some  work  on  the  subject  of  dyes  and  the  examination  of  phloro- 
glucinol  and  its  derivatives  has  also  occupied  much  attention  ;  this  work 
is,  however,  not  yet  quite  so  complete  as  to  admit  of  it  being  embodied 
in  this  report.  The  Committee  desire  to  be  renppointcd  for  the  purpose 
of  completing  the  work  now  in  progress. 


The  Absorption  Spectra  of  Cyanogen  Compound*.      By  WALTER 

HARTLEY,  F.JR.S.,  JAMES  J.  DOBBIE,  D.Sc.,  JO.,  and  ALEXANDER 
LAUDER, 


The  following  investigation  was  undertaken  with  the  view  of  ascer- 
taining whether  by  an  examination  of  the  absorption  spectra  of  the 
cyanogen  compounds  it  might  be  possible  to  throw  some  light  upon  the 

1  Trans.  Chem.  Soc.,  1901,  79,  p.  848. 
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vexed  question  of  the  constitution  of  these  substances.  Some  of  the 
substances  of  a  simple  constitution  belonging  to  this  group  had  been 
previously  examined. 

W.  A.  Miller  and  also  L.  Soret  proved  the  transparency  of  hydrocyanic 
acid  and  the  cyanides,1  and  Hartley,  independently,  found  that  hydrocyanic 
acid  is  a  remarkably  diactinic  substance  which  exhibits  no  trace  of 
selective  absorption.2  Cyanuric  acid,  owing  to  diiliculties  in  its  exami- 
nation, arising  out  of  its  sparing  solubility  and  the  necessity  for  examining 
warm  solutions,  at  first  appeared  to  give  evidence  of  selective  absorption. 
It  was  subsequently  proved,  however,  that  there  was  no  absorption  band 
even  in  layers  of  liquid  200  mm.  thick,  but  that  the  rays  between  wave- 
lengths 3330  and  2572 — that  is,  to  where  the  spectrum  was  sharply  cut 
off — were  only  feebly  transmitted.3 

In  the  present  research  some  derivatives  of  cyanic  acid  have  been 
included,  but  attention  lias  been  directed  chiefly  to  cyanuric  acid,  inelain- 
ine,  and  their  respective  alkyl  derivatives. 

The  derivatives  of  cyanic  acid  which  were  examined  are  highly 
diactinic  and  show  only  general  absorption. 

Cyanuric  acid  is  commonly  represented  as  a  closed  chain  compound 
in  which  the  chain  is  formed  of  alternate  atoms  of  carbon  and  nitrogen 
united  by  alternate  double  and  single  bonds  (Formula  L),  and  a  similar 
structure  is  assigned  to  the  methyl  ester  (methyl  cyanurate  ;  in. p.  135°), 
which  is  obtained  from  eyanurie  chloride  by  the  action  of  sodium 
methyl  ate.  The  methyl  ester  (methyl  iso-cyanurate,  methyl  tricarbimide  ; 
m.p.  175°),  on  the  other  hand,  which  is  prepared  by  the,  distillation  of 
potassium  cyanate  with  potassium  methyl  sulphate,  is  represented  as  a 
derivative  of  iso-cyanuric  acid  (Formula  II.),  which  contains  three  keto- 
groups  and  has  the  carbon  and  nitrogen  atoms  united  by  single  bonds 
only.  In  this  ester  the  alkyl  radicals  are  directly  united  to  the  nitrogen 
atoms. 

Formula  I.  Formula  II. 

IJO.C  :  N.C.OH  OC.NH.eo 

II!  'I 

N  :  C.N  HN.CO.NH 

OH 

Cyanuiic  acid.  Jso-ryamirir  arid  or 

tncarbimide. 

Pyridine  and  dimetliylpyrazinc,  in  which  there  are  carbon  and  nitrogen 
atoms  united  by  alternate  double  and  single  bonds,  exhibit  strong  and 
persistent  absorption  bands,  the  selective  absorption  being  more  pro- 
nounced in  dimethylpyrazine, l  which  contains  two  nitrogen  atoms,  than 
in  pyridine,  which  contains  only  one.  It  was  therefore  to  be  expected 
that  substances  possessing  the  constitution  assigned  to  normal  cyanuric 
acid  and  its  esters  would  likewise  exhibit  marked  selective  absorption, 
and  that  even  to  a  greater  extent  than  iliin>  ili\1|-\i.i.  !•  -•. 

On  the  other  hand  it  was  to  bo  anticipated  that  the  alkyl  derivatives 

1  Phil.  Trans.,  1862,  pp.  S61-887  ;  J.  Chcm.  Sue  ,  vol.  ii.  p.  (\S  ;  Arch.de*  ftirn 
JP*.y*.,  Geneva.  61,  1S78. 

*'  Trans.  Chem.  Noe.,  1K82,  41,  p.  45.  *  Froc.  ('hem.  /w.,  1W9,  15,  p.  4<>, 

4  "Trans.  OL-n.  &•><?.,  1MO,  77.  84<». 

1901,  p 
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of  iso-cyanuric  acid  (Formula  II.)  would  behave  like  piperidine  and  other 
bodies  composed  of  a  closed  chain  of  singly  linked  carbon  atoms  or  of 
carbon  and  nitrogen,  where  one  or  more  carbons  are  replaced  by  nitrogen 
atoms,  and  which  exhibit  general  absorption  only.  All  the  cyanuric 
compounds,  however,  which  we  have  examined  show  only  general  absorp- 
tion, and  give  no  indication  of  the  presence  of  absorption  bands. 

This  result  is  what  was  anticipated  in  the  case  of  derivatives  of  iso- 
cyanuric  acid  ;  but  so  tar  as  cyanuric  acid  and  its  esters  arc  concerned  it 
is  remarkable  —  especially  when  considered  in  connection  with  the  fact 
that  no  strict  experimeiitfil  evidence  has  yet  been  advanced  in  support  of 
the  commonly  received  structural  formula  for  cyanuric  acid.  Mothyl  cyaii- 
urate  (m.p  135°)  yields  on  sapoiiiti  cation.  with  alkalies  cyanurio  acid  and 
methyl  alcohol.  It  is  therefore  regarded  as  the  ester  of  normal  cyanuric  acid 
(Formula  I.),  a  conclusion  which  is  supported  by  its  method  of  formation 
from  sodium  muthykte  and  cyanuric  chloride.  Trimotlrylcarbimidr. 
(m.p.  17or<),  on  the  other  hand,  yields  methylamino  on  treatment  with 
alkalies,  and  is  therefore  regarded  as  a  derivative  of  iso  cyanuric  acid 
(Formula  JI.).  Jt  is  generally  admitted,  however,  that  chemical  evidence 
of  this  kind  and  in  such  cases  is  frequently  uureli;il>ie.1 

In  this  instance?  the  spectrographic  examination  confirms  (he  result 
arrived  at  on  purely  chemical  grounds.  The  spectra  of  methyl  cyanuratc 
(m.p.  l.'J.V)  bear  a  close  resemblance  to  those  of  cyanuric  acid,  tins 
absorption  being  somewhat  greater  owing  to  the  replacement  of  three 
hydrogen  atoms  by  three  methyl  groups.  On  the  other  hand  the,  spectra 
of  triniethylcarbiinidc  (m.p.  IT.Vj,  notwithstanding  a  similar  replacement. 
of  liydroge.il  by  methyl  groups,  show  considerably  less  absorption  of  the, 
more  refrangible  rays. 

Melamine  and  its  esters  show  only  general  absorption,  the  amount. 
being  somewhat  greater  than  in  the  case  of  cyanuric  acid.  !M  clam  hie  is 
regarded  as  the  triamide  of  normal  cyanuric  acid  (Formula  I.). 

NK,  N'n 

I      "  I! 

N.CJ:X  HN.C.Nir 

1  I        I 

H.,N.C.X  :  C.NH,  HN=(J.X.(,'=XIl 

l', 

Mehimino  or  J-u-imjljimiih'  <n 

.  I*o-C3iinuiliiiniidc. 


The  triethyl  ester  (m.p.  T4C),  which  is  obtained  by  the  action  of 
ethylamine  on  cyanuric  chloride,  is,  from  its  method  of  formation,  cou- 
bidered  to  be  a  derivative  of  melaiuiue  ;  the  ethyl  derivative  (m.p.  9U"),  on 
the  other  hand,  \\hich  ii  prepared  by  the  dosulphurisation  of  thiourea,  is 
regarded  as  a  derivative  of  iso-melamine.  Here  again  the  results  of  tho 
sptictrographic  investigation  are  in  accord  with  tho  conclusions  arrived  u.1 
on  chemical  evidence.  The  spectra  of  melaniino  and  the  triethyl  ester 
(m.p.  7-1°)  aro  almost  identical,  while  the  general  absorption  exhibited 
by  flu-  spectra  of  th«  isomeric  ester  is  considerably  1  \sp. 

Tho  general  result  of  the  examination  of  the&c  bodies  is  in  complete 


i  Ooldsohmidt  and  Mfiisslrr,  Err ,  1890,  23,  2." 3;  A.  Michael. ,/.  pr.  Chem.  [li.], 
1883,  37,  51:3 ;  Hartley  and  Dobbie,  Trans.  Chcm.  tioc.,  18rJcJ,  75,  CIO. 
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agreement  with  the  views  now  generally  held  as  to  their  relationship  with 
one  another.  But,  as  already  observed,  the  absence  of  selective  absorp- 
tion is  not  in  harmony  with  the  constitution  of  cyan  uric  acid  when  it  is 
represented  by  a  formula  so  closely  analogous  to  that  of  pyridine  and 
still  more  closely  to  that  of  dimethylpyrazine.  On  this  account  it  may 
fairly  be  considered  as  very  doubtful  whether  the  constitution  of  cyauuric 
acid  is  rightly  understood. 

T/ir,  Absorption  Spectra  of  Dilniwyl  JllctJtaiie  and  a.-0si/bvnz«lar.ctoplienone. 

These  two  substances  an4  related  to  each  other  in  the  same  manner 
as  Kiiorr's  dibenzoyl  succinicesters  examined  by  Hartley  and  Dobbie.1 
Their  constitution  is  represented  by  the  following  formuke  :  — 

<-1,fir.vco 


in. 


cji^.u)  c,,ir,.coii 

Dihrnyavlniethnue  a-Ox^hen/alarutop 

m.p.  It-lh^  in.p.  77-7S0 

enc  acctophcnonc) 


Tho  enolic  form  is,  in  this  case,  the  morn  stable  of  the  two,  the  keto 
form  in  solution  passing  rapidly  into  tht3  enolic  form  on  the  addition  of  an 
acid.  Jt  is  the  reverse  with  the*  dibenzoylsuccinic  esters  ;  the  enolic  ester 
passes  into  the  keto  form  spontaneously. 

As  l  he  study  of  cases  of  this  kind  is  of  particular  interest,  and  but 
few  ha\e  been  examined,  Miss  Alice.  E.  Smith,  .U.Sc.,  of  the  University 
College,  of  North  "Wales,  Uangor,  kindly  undertook,  at  the  request  of  the 
eommi'tee,  to  investigate  1he,  absorption  spectra  «>f  these  substances. 
Mr.  I!.  I).  Abell,  n'.Sc.,  IS.">1  Exhibition  Scholar  of  the  Tmversity 
College  of  North  AValos,  l>:ingnr,  was  "nod  enough  t«>  s«l>ply  pure 
specimens  of  thesu  substances  for  examin.it  ion. 

JJthtr*oi//ttirfHttn"  (C,,IfvC().CU.,.CO.C,)JL)).  —The  preparation  of 
dibonzoylmetliane  may  bo  divided  into  the  following  stages  :-  - 

(1)  Tho   preparation  of   lienzalacniophenoiK*  from  benxaldehyde  and 


(*J)   Prcparat  i«m     of     dibroinlu'iiyaliuetoplienono     from     ben/iilaeeto- 
phenone  " 

(.'»)   l*ie]>avation  oi'  nionnbrombon/.il.\ci  to])henuiie  from  dihromhenzal- 


(  1)  Vre]>aratio]i     of    dilien/oylmrthAne    from     mriiobn»mlM»n/al:ic«'lo- 
plieiione. 


CJI  ..CO.CH  :C(O}1).O)(1I,)  (or  «-Hydroxy- 
benzyliciene  acetophenone).  —  Tliis  substance  was  prepared  by  Baeyor  and 
Pcrkin.  by  heating  dibenzoylacetic  e-ster  with  water.'  The  method  of 
acting  v/iih  sodium  ethoxide  or  metallic  sodium  on  a  mixture  of  ethyl 
ben/oate,  and  acetophenono  employed  in  the  present  case  has  been  de- 
scribed by  Claiseii.0 


1  Trans.  Chcm.  Soc.>  1900,  77,  106. 

«  j?c-r.,  20,  f>G5  :  14,  UAGd  ;  29,  1492.  y  Aan..  308,  323. 

4  Am.,  308,  L'2ii.  a  Mcr..  16,  2134  ;  Chrm.  Sue.  Tfdrig.,  47,  250. 

c  2ter.>  20,  U55  ;  Ann.,  201,  OJ. 


212 


REPORT — 1901. 


The  method  employed  in  photographing  the  spectra  has  already  been 
described,1 

It  will  be  seen  from  the  accompanying  curves  that  the  relation 
existing  between  the  two  bodies  is  similar  to  that  which  exists  between 
Knorr's  a-  and  /3-dibenzoylsuccinic  esters.  Both  the  substances  show 


Seals  of  C 


Curves  of  Molecular  Vibrations. — Dibenzoylmethane,  Kctonic, 
a-Oxybenzalacetophenone  (a-IIydroxybenzylidene  ncelo- 
phenone),  Enolic. 

well  marked  absorption  bands,  and  the  amount  of  general  absorption 
caused  by  the  enolic  form  is,  as  in  the  case  of  Knorr's  esters,  considerably 
greater  than  that  caused  by  the  keto  form.  In  this  case  the  gradual 
change  of  the  less  stable  into  the  more  stable  form  has  been  traced  by 
photographing  the  acidified  solution  at  intervals. 

\  Trans,  CJiem.  Soc.,  1885,  47,  C85. 
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Thickness 
of  Layer 
of  Liquid 
in  Milli- 
metrcs 

Description  of  Spectrum 

1 

A 

1  Milligramme  Mol.  in  100  c.c.  AlcoJtoL 

5      !      Spectrum  continuous  to 

2624 

3810 

Complete  absorption  beyond. 

4 

Spectrum  continuous  to 

2G24 

3810 

Complete  absorption  beyond. 

3             Spectrum  cont  inuous  to 

2701 

3702 

Complete  absorption  beyond. 

2 

Spectrum  continuous  to       .        . 

27CO 

3623 

1          Complete  absorption  beyond. 

1  Milligramme  Mol.  in  500  c.c.  Alcohol. 

5 

Spectrum  continuous  to 

2786 

3589 

Complete  absorption  beyond. 

4 

Spectium  continuous  to 

2871 

3483 

Complete  absorption  beyond. 

1} 

Spectrum  continuous  to 

2905 

3IJ72 

CompMe  absorption  beyond. 

2 

Spectrum  continuous  to 

IJ037 

3271 

Complete  absorption  beyond. 

1  MiU'ujrammv  Mol.  in  2,500  c.c.  AholwL 

5 

Spectrum  continuous  to 

3037 

3271 

Complete  absorption  beyond. 

4 

Spectrum  continuous  to  . 

3057 

3271 

.J:?77  to  2$  12 

Strong    rays    transmitted    from 

3873 

2581 

Weak  spectrum  from  4306  to 

'  4400*' 

2272 

3 

Complete  absorption  beyond. 
Spectrum  continuous  to 

3111 

31  S3 

Abxorptioii  band       .         .         . 

3!^1  to  3j6  J 

31  S3  to  2$&C> 

Spectrum  continuous  to 

3911 

2556 

Absorption  band 

3f)t1  to  .fiOO 

iWJ6  to  2322 

Spectrum  continuous  from  430G  to 

4400 

2272 

o 

Complete  absorption  beyond. 
Spectrum  continuous  to 

3175 

3149 

Strong  rays  partially  transmitted 

from  3175  to     . 

3381 

2957 

Spectrum  continuous  from  3381  to 

3911 

2556 

Strong  rays  partially  transmitted 

from  3911  to    . 

4306 

2322 

Spectrum  continuous  from  4306  to 

4400 

2272 

Weak  spectrum  from  4400. 

1 

Spectrum  continuous  .        .        . 

—  • 

—~~ 
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CJI,.CO 


a-  OjcylenzalacetopJipnone 

!  acetophenone) 


The  AW.\-  /'.I-,  *                                     C0IT.,.C(Oin 

Thickness 

of  Layer 

i 

of  Liquid 

Description  of  Spectrum            j                                                 A. 

in  Milli- 

i               ^ 

metres 

i 

1  Milligramme  3fol.  m  100  /•  r.  Alcoliol. 

r> 

Spectrum  continuous  io       .        .              12."  t,  "5                        31LJ!) 

Complete;  absorption  beyond, 

4 

Same  tis  5  mm  -                               — 

u 

Spectrum  continuous  to        .         .               2,">,"2                         o'.HS 

Complete  aii^oiptiou  bc}Tond.      j 

2 

Same  as  3  mm  -                            — 

1  Milligramme  Mol.  iti,  500  <•.<:.  Alcohol. 

5 

.Spectrum  continuous  to        .        .               2,~>D1                         .".Sol) 

Complete,  absorption  beyond. 

4 

Same  as  5  mm  

3 

Spectrum  continuous  to 

2U2J                            IISIO 

Complete  absorption  beyond. 

2 

Spectrum  continuous  to 

2U21                          :5S1()             1 

Complete    absorption   beyond, 

except  for    the   feeble    trans- 

mission oi'  strong  lines  at 

:;:,:•.->                   2^12 

And  at  'MZZ                         L'T.'ih 

1  ^\f  'til  if/  1  a  mine  J/iu7.  ?/£  2,f><)0  cv.  Alcohol. 

r> 

Spectrum  continuous  to       .        .  '            2iiLM             '            Iislo 

Absorption  land       ....         ^^;to.;/>/ 

.vs/o  to  jssy 

Strong  rnyti  partially  transmitted  . 

from  :J401  to     .         .         .                         :i«77             j             2710 

Absorption  land                                .  ,      #6/7  to  ^.^6           J7/V  to  -J.^J 

Weak  spectrum  from  130C  to       .               4100            ,             L'L'7li 

Complete  absoiption  beyond.      |                               , 

4 

Spectrum  continuous  to       .        .              2(52-1                        :!S10 

Absorption  land      ....        ^6^}  to  .-JJ.Stt 

.v,s;o  to  ,w;tf 

iSpectrum  continuous  from  .'J280to               IJ805 

2«2S 

Absorption  band                       .           ;     .'JSC^J  to  ^06 

j^6i?S  to  J.V^J 

Spectrum  continuous  from  430P*  to  I             1  4  00 

2272      "      ! 

Complete  absoi  ption  beyond. 

i 

3 

Spectrum  continuous  to 

2701 

3702 

Absorption  band      .... 

270;  to  <U60 

:i70J  \nJUb? 

Spectrum  continuous  from  IJ2GO  to 

3SOO 

LTiSCi 

Absorption  band      .... 

JS06  to  .;  >jv 

^.556  to  JJ.^? 

Spectrum  continuous  from  425ft  to 

41UO 

2272 

Complete   absorption    beyond, 

except  for  the  feeble  transmis- 

sion of  lines  at         ... 

4o30 

2203 

And  

•n;ir, 

2153 

2 

Spectrum  continuous  to 

27GO 

3C.23 

Abxorjrtuw  band      ....        2;60in.f/39 

,;6^;;  to  ;m.7 

Spectrum  continuous  from  31  39  to  |           31)0o 

LT)(»0 
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(The.  Enolio  JRjrwi)—  cont. 


TliickiicHH 

of  Layer 

of  Liquid 
111  Milli- 

Description of  Spectrum 

metre  b 

.1 

Spectrum  continuous  from  4  100  to 
Strong  ruys  feebly  transmitted  , 
beyond.  , 

Spectrum  continuous  to      .        . 

iStrong  lines    transmitted    from 

2871  to    ..... 

Spectrum  continuous  from  31  Hi)  to 
fttrontf  lines  transmitted  from 
IWltfto  ..... 
Spectrum  continuous  beyond, 
Transmission  of  a  continuous 
spectrum  on  further  dilution  of 
the  solution. 


tf  to  >t  too 

4HH) 


!2S71 

3130 

IJUOo 
4100 


o  to  v 

2272 


-5183 

am 


and  l)yr# 


fl  from 


As  much  work  has  recently  been  published  on  tliorol.-itionshi])  belwooii 
the  constitution  of  dyes  ;ind  their  absorption  spectra,  abstracts  of  the 
more  important  of  these  memoirs  are  given,  accompanied  by  remarks  on 
the  conclusions  drawn  from  previous  examinations  of  triphenylmethane 
derivatives. 


IMtttitnt  fiifrt'  In  coHKtltuliim  rJttmii/nc  cA'x  column  I*  dn  tripliniylnwtlifnie 
ft,  /("b1  ft/ircfrt'it  tVabsorpt'um  'A'  /rur*  sulttliunn  itqwHPt**     Xolv  d<l  M.  1J. 

LlIMOULT.1 

The  examination  of  the  absorption  spectra  of  a  largfl  number  of 
artilicinl  colouring  matters  was  made  in  the  IK  pe  of  finding  some  cha- 
laHeri.-tic  belon^in^  to  each  of  the  principal  groups  which  enter  into  their 
constitution,  but  up  to  the  present  the  .study  of  such  colours  as  are 
derhed  from  triphenylmethane  1ms  led  to  nothing  more  than  a  demoii- 
btrntion  of  some  connection  between  the  position  ot*  the  luminous  bands 
of  these  spectra  and  the  constitution  of  the  products  examined.  All  the 
solut  ions  were  so  made  that  a  gramme-molecule  of  the  dye  -\\  as  contained  in 
1,000  litres  of  water,  the  thickness  of  liquid  being  variable.  The  follow- 
ing were  the  substances  investigated  :  — 


1.  Malachite  green. 

U.  JJrilliant  green. 

«J.  Sulpho-greeu  J. 

4.  Sulpho-green  13. 

f>.  (ireen  o-nitro. 

G.  (Jreen  wi-iiitro. 

7.  Solid  green  with  alkali. 

8.  (Jarmino  blue. 
D.  Victoria  blue. 


10.  Fhenyl  blue,  01  phenylated 

blue. 

11.  1M  ethyl  green. 

12.  Hexamethylated  violet. 

13.  ]  I  exethylated  violet. 

14.  Forinyl  violet. 

15.  Acid  violet  10  P>. 

16.  l>en/yldiphenylamine  violet. 

17.  Ben/ylated  violet. 


Gnajfte*  llcndus,  vol.  cxxxi.  1000,  p.  83U 
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The  nature  of  the  substitutions  in  the  three  benzene  nuclei  is  explained 
by  the  author.  Observed  in  thickness  of  6  mm.  some  of  the  substances 
show  simply  a  band  of  transmitted  rays  in  the  red,  others  are  also  in  the 
violet  of  much  larger  extent.  The  red  band  is  much  more  persistent, 
and  apparently  is  characteristic  of  the  triphenylmethane  group  of  sub- 
stances and  not  of  the  individual  members  of  this  group.  The  band  in 
the  red  belonging  to  the  greens  and  blues,  Nos.  1  to  1 1 ,  is  narrower  than 
in  the  remaining  colours,  which  are  violet — namely,  Nos.  12  to  17. 

NOTE. — The  formulte  given  by  Nietzki  for  some  of  the  dye-stuffs 
examined  are  the  following  : — 

1 .  Malachite  green . 

C(,H,,C=[C1II.1N(OHJ)J, 

AH 

2.  Brilliant  green. 
C(,H5C=[C6H4N(0.2H5)2]a 

OH 

9.    Victoria  blue  B. 
(CH3).2N-C0H,X     /C10H0 

(CH3)2N-C6H/     \    I     Cl 

1 1 .  Methyl  green. 

/C6TI1N(CII3)!ICH3C1 
X36U,N(CH3) 


12.  He.vanietJti/latcd  violet. 

I          l/cl 

[(CII,)2N.CclI1],=C-C,)HlN(CH:i). 

13.  lle.vethijlatcd  ciolct. 
A  similar  formula  with  C2II5  substituted  for  CH3. 

The  author's  summary  is  as  follows  :— The  colours  derived  from  tri- 
phenylmethane, which  have  in  general  at  least  two  atoms  of  tertiary 
nitrogen  in  the  juam-position  relative  to  the  central  carbon  atom,  yield 
aqueous  solutions  in  which  the  absorption  spectrum  transmits  a  band  of 
rays  in  the  red.  The  middle  of  this  band  is  always  situated  at  approxi- 
mately the  wave-length  686  in  those  compounds  which  have  no  more 
than  two  tertiary  nitrogen  groups.  The  position  is  invariable,  but 
different  for  those  which  include  a  third  tertiary  nitrogen  group,  and  lies 
about  wave-length  666. 
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Sur  V absorption  de  la  lumidrn  par  hs  indophenols     By  P.  BAYRAC  and 

0.  CAMICTIKL.1 

The  indophenols  with  tertiary  nitrogen,  prepared  1>y  one  of  the 
authors,  were  studied,  and  it  was  found  that  when  dissolved  in  the 
same  solvent,  as,  for  instance,  alcohol,  they  presented  an  analogous 
spectrum  in  every  case.  They  are  characterised  by  a  band  in  the  red. 
Lemoult  studied  a  series  of  indophenols  obtained  by  the  oxidation  of 
mixtures  of  p-  plienylenediamine  and  phenol  or  o-crcsol,  which  have  in 
the  ^ara-position  the  nitrogen  atom  which  unites  the  two  benzene  nuclei. 
The  nitrogen  in  this  case  is  primary  and  not  tertiary.  The  substances 
are  said  to  have  a  band  in  the  red  which  is  shifted  from  the  position, 
characteristic  of  indophenols  containing  tertiary  nitrogen.  The  authors 
state  that  there  may  be  displacement  of  the  band,  but  it  has  no  definite 
direction  ;  and  the  experiments  of  Lemoult  do  not  show  that  it  has.  The 
method  of  measuring  adopted  by  Lemoult  is  to  take  the  mean  of  the 
micrometer  readings  between  either  edge  of  the  band.  It  is  remarked 
that  the  extreme  reading  at  the  extremity  of  least  refrangible  rays  is  not 
the  end  of  the  band,  but  merely  the  limit  of  visible  rays,  and  that  this  is 
variable  according  to  tl  e  brilliancy  of  the  spectrum.  They  give  reasons 
for  this  statement  which  an;  capable  of  verification,  and  also  for  the 
explanation  that  there  appears  to  be  a  displacement,  but  the  band  really 
terminates  in  the  infr.t-red. 

>Snr  1c$  ttpwtres  (V absorption  ths  indophenols  ct  (?'$  colorants  dn 
triphfaiylntethane.     />y  C.  CAMICHEL  and  P.  13  AY  K  AC.'-' 

The  indophenols  with  the  tertiary  nitrogen  are  much  more  absorbent 
than  those  with  the  primary  nitrogen  when  the  two  are  compared  in 
solutions  containing  molecular  proportions  ;  but  the  fact  is  that  as  the 
less  refrangible  end  of  the  band  visible  in  the  red  lies  in  the  infra-red 
there  can  be  no  increased  width  visible  in  this  direction,  and  the  rays  on 
the  other  side  being  more  freely  transmitted  it  appears  as  if  the  band 
had  been  shifted  towards  the  more  refrangible  rays.  This  ha\ing  been 
demonstrated  with  the  two  kinds  of  indophenols,  it  was  thought  desirable 
to  study  the  triphenylmethane  derivatives — malachite  green,  sulpho- 
green  J,  hexamethylene  violet  crystals,  and  methyl  green.  The  result 
was  just  the  same;  only  one  extremity  of  the  band  of  ml  rays  lies  within 
the  region  of  visibility.  The  conclusion  is  that  the  law  of  auxochromes 
has  not  been  demonstrated  in  the,  case  of  triphonylmothann  derivatives 
nor  of  indophenols.  The  number  of  tertiary  nitrogens  in  the  molecule 
is  the  factor  which  increases  the  absorbent  power  of  the  substance,  just 
as  the  substitution  of  (Clta)^  for  H.J  in  indophenols,  or  ri<r  rcrsit,  renders 
the  substance  more  or  less  powerfully  absorbent.  The  authors  state  that 
they  have  studied  the  influence  of  concentration  upon  alcoholic  solutions 
of  indophenols  and  on  aqueous  solutions  of  those  colouring  matters  derived 
from  triphenylmethane.  They  have  found  that  the  coefficient  of  absorp- 
tion is  proportional  to  the  concentration  of  the  solution. 

NOTE. — The  nature  of  the  indophenols  is  indicated  by  the  following 
formula;  and  reactions,  the  notes  being  taken  from  Bernthsen's  '  Organic 
Chemistry '  and  Witt's  original  papers.1'* 

1  Comptes  llendus,  vol.  cxxxii.  1901,  p.  ,'W8.         "  Ibid  ,  cxxxii.  1901,  p.  485, 
3  Ucrichte,  16,  2813,  and  18,  21)12. 
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Indophenola.    J]y  OTTO  WITT. 
Phenol  blue  (indo- aniline) — 


is  produced  by  the  oxidation  of  amidodimethylaniline  with  phenol. 
Its  analogue,  n-naphthol  blue, 


I      C'1(1H1(;0 

is  prepared  by  means  of  naphthol.  Such  compounds  exchange  N(CII3)2 
for  Oil  when  boiled  with  a  solution  of  NaOlL  ;  thus,  from  phenol  blue 
there  results  indophenol  (quinonephenoUmide) 


a  phenolic  dye  which  dissolves  in  alcohol  to  a  red  and  in  alkali  to  a  blue 
solution. 

It  may  be  obtained  also  by  the  action  of  phenol  upon  quinone  chlori- 
mide. 

/°  /° 

ci          +  cyi-)on=cyi1  /  | 

xN-c,,n,on 
xC(1ii,.oir 

_N<  -1-1ICI 

~         ! 


It  may  bo  obtained  ;»l.so  by  the  o\id;iiion  of  //-ainidupli«>nol  >\iih 
phenol.  Itsleuco-compoiUKl  is^-dihydroxydiphonylaininc,  j\  H^C',,11  ,.011)^,, 
a  substance  which  unites  in  itself  the  properties  of  diphenylamine  and 
a  diatomic  phenol. 

tfnr  la  loi  (h's  ausochromes.     l>y  1M.  P.  LKMOULT.1 

In  a  recent  note  MM.  Camichel  and  Bay  rue  having  expressed  the 
opinion  that  the  law  of  auxochromes  has  no  further  application  to  the 
compounds  of  triphenylmethanethantothe  indophenols,  the  author  believes 
that  this  statement  is  not  sufficiently  justified,  having  regard  to  his 
observations  on  four  different  colouring  matters,  namely  :—  - 

First  group  (with  2    j  No.  1.  Oxalntc  of  tctramethyldiaimriotripheny]  carbinol. 
tertiary  nitrogens)    }  No.  2.  Sulphate  of  tutrethyliliamidotriphunyl  carhinol. 


ponrl  ^rnnn  /'wifh  1    )  No'  *'  Chlorhydratc  of  luj^ctJiylt-riamidotriplienyl  cnrbinol. 
terti-i  ^  ^  nUro^nO     t  No'  *•  ^"""thyldiethyklibcri^ltiianiidotriphoriyl     carbinol 
J  "iuu0wi!y    j  sodium  rlisulplionato. 


Comptcs  JRdtidv$>  cxxxii.  p.  781,  March  25,  1901. 
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Solutions  were.  made  of  such  a  strength  that  1  gramme-molecule  was 
contained  in  1,000  litres  of  water.  Photographs  of  the  transmitted  rays 
were  taken  through  a  constant  thickness  with  a  constant  exposure  and 
exactly  the  same  development.  The  photographs  reproduced  in  the  paper 
are  explained  in  the  text.  They  exhibit  a  luminous  band  in  the  red 
which  in  respect  to  substances  1  and  U  is  the  same  in  intensity  and  posi- 
tion. In  substances  tf  and  -1  it  is  more  luminous  and  slightly  broader. 
and  the  luminous  band  of  No.  o  lies  rather  more  towards  the  loss  re- 
frangible rays  than  No.  •!.  Wave-length  measurements  ar"  not  given, 
but  numbers  on  an  arbitrary  scale  are  recorded.  On  diluting  these 
solutions,  the  change  in  the  .spectrum  is  seen  to  be  a  decrease  of  the 
intensity  of  the  absorption  bands  more  on  the  side  of  the  rays  of  greater 
refrangibility  than  on  the  other.  The  author  proposes  to  enunciate 
definitely  the  law  of  nuxochromes  in  a  future  paper. 

NOTK.  —  That  there  is  apparently  a  decrease,  in  the  intensity  of  the 
absorption  bands  more  in  the  direction  of  the  rays  of  shorter  wave-length 
is  due  undoubtedly  in  the  first  instance;  to  the  property  of  the  prison,  theic 
being  greater  dispersion  of  the  mnre  refrangible  rays. 

uYvnrt'JFt'  mtthoil^  /  ,  rnntfttitf  <!<'  r/tfnmft'riM  "  A.-?  tnn1urc&  coforaiifes. 
J!y  MM.  CAM  im  KL  (fiid  liAVRAC.1 

The  absorption  of  light  by  solutions  of  tndophenols  in  alcohol,  ether 
carbon  disulphide,  and  chloroform  has  been  studied  by  taking  as  abscissa1 
tlie,  wave-lengths  and  as  ordi  nates  the  coelliclents  of  transmission. 
Curves  have  been  obtained  of  parabolic  form,  of  which  the  convexity  is 
turned  from  the  side  of  the  axis  of  the  abscissa1.  That  portion  of  the 
curve.  corresponding  to  the  transmitted  red  rays  ascend*.  much  more 
rapidly  than  that  \\hich  corresponds  to  the  giccn  or  the  blue.  The 
minimum  position  of  the  ordinate  lies  between  the  wave-lengths  (510  and 
5.').")  according  to  the  nature  of  the  indophcnol  and  its  solvent.  In  order 
to  characterise  each  of  the  substances  studied,  the  louest  point  of  the. 
curve  \\as  determined  that  is  to  say,  its  minimum  of  transmission  or  of 
greatest  absorption.  This  is  determined  Asith  precision  bv  cutting  the 
curve  with  a  series  of  lines  or  chords  lying  parallel  to  the  axis  of  the. 
abscissa*.  The  conjugate  diameter  of  these  chords,  obtained  by  joining 
points  lit.  the.  middle  of  each  line,  is  rectilinear  in  a  sutliciently  largo 
interval  lying  between  wave-lengths  070  and  510:  in  such  a  case,  for 
example,  as  that  of  an  alcoholic,  solution  of  indophenol  and  of  orthocresol 
with  two  tertiary  nitrogens.  The  minimum  of  transparency  (maximum 
of  .absorption)  is  independent  of  the  concentration  of  the  solution  for  all 
substances  of  which  the  absorption  coefficient  is  proportional  to  the  degree 
of  con  cent  ration,  accord  ing  to  the  law  of  l>eer.  Jt  varies  with  the  solvent 
according  to  a  law  which  is  not  that  indicated  by  Ivumlt. 

Two  series  of  indophenols  have  been  studied  ;  those  of  Series  A  havo 
two  tertiary  nitrogens,  the  simplest  of  which  is  indophenol  of  ordinary 
phenol. 


The  others  (Series   tt)  have  the  second  tertiary  nitrogen   replaced  by 
1   (\wtjtte*  Ih'tiflut,  cxxxii.  p.  SS2,  April  i»,  I  Ml. 
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a  primary  nitrogen,  the  simplest  of  which  is  the  indophenol  of  ordinary 
phenol. 


Table  of  the  indop/tcnols  studied. 


Scries  A. 

1.  Indophenol  of  phenol. 

2.  orthocresol. 

3.  metacresol. 

4.  paraxylenol. 

C.  orthoethylphenol. 

0.  metaisopropylphcnol. 

7.  thymol. 

8.  ,  carvacrol. 

9.  .  cymophenol. 

10.  ,  phenol  a  of  the  para- 

ethyltoluene. 


r 

Indoph 

2' 

4' 

r>f 

7' 

8' 

10' 

11' 

12' 

Series  R. 
>1  of  phenol. 

orthocresol. 

metacresol. 

paraxylenol. 

ort  hoethylphenol . 

metaethylphcnol. 

thymol. 

carvacrol. 

cymophenol  a. 

phenol  oof  the  para- 

et  hyltoluenc. 
orthoxylenol  (1,2,  3). 
mctaxylenol  (1,  2, :»). 


a.  The  displacement  of  the  minimum  of  transparency  (maximum  of 
absorption)  under  the  effect  of  a  solvent  is  shown  by  the  following 
numbers  representing  divisions  of  the  micrometer  eyepiece.  The  substance 
was  No.  1. 


Alcohol. 
120 


Ethor. 


Carbon  tUsulphule. 
H7 


Chloroform. 
328 


The  rays  observed   with  the  spectrophotomcter  gave  the  following 
measurements  :  - 


Solar  A.    7-0 

13.  -I!)  5 

Li  GO-5 

Holar  C.  72-5 


ist    104 
i(l  104 
Solar  I)  1     IMS 
D  2     139 
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Holar  E  2JJ5 


b.  When  the  tertiary  nitrogen  had  been  replaced  by  a  primary  nitro- 
gen the  following  numbers  were  obtained  : — 

Svhrnt,  nlcohol. 
1.  120     lf.  112  displacement  +  22 


2.  J36    2'.  102 

3.  122     3'.  142 


20 

+  20 


e.  By  the  introduction  of  the  following  alkyl  radicals  into  the  ortho- 
position,  the  displacements  shown  below  were  measured  :  — 


CH3,    C2H6 


CIL2-CH2-CH3. 


1.  120  2.  136 
8.  122  4.  134 
7.  117  9.  136 


Solvent,  alcohol. 

displacement  +  16 
+  12 
+  19 


Substitution  of  OH, 
CH, 
CH3 
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A  similar  series  of  experiments  was  made  on  substitution  in  the  meta* 
position,  the  results  being  as  follows  : — 


1.  120     3.  122 

2.  13G     4.  131 


displacement  +  2 


substitution  of  CH3 
CH3 


Conclusions. — a.  When  a  tertiary  nitrogen  is  replaced  by  a  primary 
nitrogen,  the  minimum  of  transparency  (maximum  of  absorption)  is  dis- 
placed towards  tho  more  refrangible  end  of  the  spectrum,  whatever  the 
solvent  may  be — alcohol,  ether,  carbon  disulphide,  or  chloroform. 

It  is  remarked  that  this  law  differs  entirely  from  that  indicated  by 
M.  Lemoult,  who  studied  the  apparent  displacement  of  the  band  of  red 
rays  transmitted  by  indophenols. 

/>.  Substitution  iu  the  0?*M0-position  in  tho  phono]  from  which  the 
indophenol  is  derived  causes  a  considerable  displacement  of  the  minimum 
of  transparency  (maximum  of  absorption),  whatever  tho  solvent  may  be. 
This  displacement  may  even  exceed  tho  foregoing  in  degree.  The  im- 
portance of  substitution  is  thus  evident  ;  tho  auxochromic  groups  are  not 
the  only  ones  to  modify  the  nature,  of  the,  dye. 

r.  A  substitution  in  tho  mrhi  position  in  tho  phenol  from  which  the 
indophenol  is  derived  causes  a  rcr//  s/iyht  displacement  of  tho  minimum 
of  transparency  towards  the  red  or  towards  tho  blue  ;  the  shifting  is 
often  so  slight/  as  not/  to  exceed  experimental  errors  in  measurement. 

The  preceding  two  laws,  the.  authors  remark,  enable  the  formula  of  a 
phenol  to  be.  determined  ;  it  is  converted  into  the  indophenol  with  a 
primary  or  a  tertiary  nitrogen,  and  the  alcoholic  solution  is  then  examined. 
Only  an  extremely  small  quantity  of  the*  substance  is  required. 

NOTK.  --Hartley  has  shown  ]  the  relationship  of  the  absorption  spectra 
of  benzene  and  triphenylmethane  to  the  colouring  matters  derived  there- 
from by  means  of  curves  of  molecular  vibrations. 

No  matter  what  their  colour  may  be,  a  band  of  red  rays  is  transmitted 
witli  greater  persistency  than  the  rays  in  any  other  part  of  the  spectrum, 
and  that  these  red  rays  are  materially  modified  by  the  introduction  of 
alkyl  radicals  into  the  NIT*  groups  of  tho  rosaniline  molecule,  as  in 
methyl-violet,  and  they  are.  more  modified  by  the  presence  of  iodine,  as  in 
iodine  green 

To  illustrate  thi:i  the  following  measurements  ot'  the  transmitted  rod 
rays  in  solution  j  at  (litierent.  dilutions  and  of  di  He-rent  thiekne  srs  are 
stated  both  in  \\a\e-lengtlis  and  oscillation  frequencies.  The  fiducial 
lines  in  the  solar  spectrum  are  also  given  as  useful  for  reference. 


A 
B 
0 
I) 


1 

A 

111]  I 
1455 

inas 
IO.IH; 


7G(H 
GWJ7 
fi5«2 
r>8!)2 


K 
F 
G 
II 


1 
"A. 

1SH7 
2()r>0 
2*21 


5201) 
4800 
4307 
3!)«7 


1  Chnn.  $oc.  Trans.,  vol.  li.  1887,  p.  152 ;  EGO  also  the  report  of  this  Committee, 
1890,  p.  31. 
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RosaniUne  Base. 


Thick- 
iiess 


MM. 

20 
4 
1 


Bays  transmitted 


1 
A 


Moan 


0*301  gr.  or  1  Milligramme-molecule  in  100  c.c.  of  Alcohol. 


139  to  153 
to  166 
to  166 


719  to  650 
to  600 
to  600 


1  Milligramme-molecule  in  500  c.c. 
to   166  to  600 

1  Milligramme  molecule  in  12,500  c.c. 
139  to   137  719  to   562  I 


684-5 


RoscChiline  Hydrochloridc. 


Thielr- 
nesa 

Eays  transmitted 

Mean 

1 
A 

A 

MM. 

20 

£ 

0-3375  gr. 

139  to 
to 

or  1  Milllg 

149 
157 

ramme-molecule  in  100  c. 

719  to  6(59 
to  636 

c.  of  Water. 

694 
677-3 

1  Milltgramme-molecitlft  in  500  c.c. 

4 
3 

to 
to 

160 
10G 

to  GOO 
to  600 

659-5 
G59-5 

1  Milligramme-molecule  in  12,500  c.c. 

4 

;* 
<> 

to 
to 
139  to 

174 

177 
177 

to  572 
to   562 
719  to  562 

640-5 
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Methyl  Violet. 


Thick- 
ness 

Rays  transmitted 

Mean 

1 

A 

\ 

MM. 

25 
20 

r> 
1 

0  416  0r.  0rl  Milligr 

139 
139  to  145 
to  149 
139  to  153 

wnme-molecule  in  100  c.cs. 

719 
719  to  686 
to  670 
719  to  650 

of  A  Icohvl. 

702-5 
694-5                   ! 
6795 

1  Milligramme-molecule  in  500  c.c. 

5 
4 

1 

139  to   153 
to  156 
to   158 
139  to   160 

719  to  650 
to  639 
to  632 
719  to  624 

659-5 

1  Milligramme-molecule  in  12,500  of  Alcohol. 

4 
t> 

139  to   166 
to   166 
139  to   168 

719  to  600 
to  600 
719  to  598 

658-5 

Thick- 

nesa 

Iodine  Green. 

lla.ys  ira 

1 
A 

annulled 

,                     Mean 

A                          ! 

0-672  gr.  or  1  MilUi 
M-\r.      , 
20                             — 

10 

5                    l.",3  to   1  W 
•I                             to   1  }«> 

2               133  to  i  19 

jramme-'molecule  in  100  c. 

710  to  719 
to  719 
719  to   719 

c.  of  Water. 

! 

1  Milligram  me-  molecule  in  500  c.c1. 

r>       ]             133  to   144 
4       i                     to   147 
3                            to  148 
2                            to   H9 
1                    133  to  151 

749  to  694 
to  680 
to  675 
to  669 

749  to  6GO 

i 

72  1-5 
70-1-5 

1  Mllligranime-molGduU  in  2,500  c./\ 

5 
4 
3 

133  to  151                         749  to  660 
133  to  151            i            749  to  650 

6U95 
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Thick- 
ness 

Rays  transmitted 

Mean 

A 

Y 

\ 

0-29  gr.  or  1  Milligramme-molecule  in  100  c.c.  of  Water. 

MM. 

60 

139  to  153 

719  to  650 



30 

to  166 

to  600 

— 

15 

to  166 

to  600 



10 

to  166 

to  600 

659-5 

5 

to  177 

to  562 

— 

4 

to  177 

to  502 

— 

3 

to  181 

to  550 



2 

to   183 

to  545 

1 

139  to  188 

719  to  530 

624-5 

1  jUilllgnimmc-'molecule  in  500  r.c. 

5 

139  to   188 

719  to  530 

__ 

4 

to   192 

to  520 

__ 

3 

to   193 

to   516 

_ 

2 

to  195 

to  511 

1 

139  to   198 

719  to  501 

(HI  -5 

1  Mi  W  gramme-molecule  in  2,500  £.<?. 

6 

139  to   198 

719  to   501 

_ 

4 

to  202 

to  494 

3 

139  to  206 

719  to   484 

601-5 

It  may  here  be  remarked  that  in  the  diagram  given  in  the  c  Trans. 
Chem.  Soc.7  vol.  H.  1887,  pp.  152-202,  of  benzene  a^d  its  derivatives  (1) 

the  relationship  of  the  absorption  curves  to  the  chemical  constitution  of 
these  substances  is  fully  described  ;  (2)  the  band  in  the  red  is  indicated 
on  the  less  refrangible  side  as  not  being  the  termination  of  the  transmitted 
rays,  but  as  the  *  extreme  limit  of  the  visible  spectrum/  and  on  p.  201 
it  is  pointed  out  that  '  instances  where  the  light  is  almost  entirely  absorbed 
are  indicated  by  tho  curve  being  continued  by  a  dotted  line,  us  in 
rosaniline  hydrochloriele,'  and  also  that  '  iodine  green  appeared  to  transmit 
more  of  the  least  refrangible  red  rays  than  the  other  rosaniline  derivatives. 
This  may  have  been  due  to  the  colour  being  favourable  to  viewing  this 
end  of  the  spectrum,  the  more  brilliant  rays  being  absorbed,  and  those 
that  are  feeble  thus  rendered  visible.'  This  observation  has  been  verified 
by  MM.  Bayrac  and  Camichel's  examination  of  other  substances  of  a  similar 
character. 

It  should,  however,  be  distinctly  understood  that  it  is  the  absorption 
bands  which  are  of  prime  importance  in  the  study  of  spectra. 

It  is  the  position  and  width  of  these  which  determine  those  of  the 
transmittent  rays,  and  therefore  greater  attention  should  be  paid  to 
measurements  of  the  bands  of  absorption.  Comparisons  of  spectra 
measured  on  an  arbitrary  scale  are  liable  to  be  very  misleading  when 
deductions  are  drawn  from  them. 

The  apparent  shifting  of  the  band  of  transmitted  rays  in  the  red 
observed  by  Lemoult  is  satisfactorily  shown  by  Bayrac  and  Canrichel 
to  be  only  apparent,  and  not  a  real  alteration  in  position. 
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The  remark  of  Bayrac  and  Camichel  that  indophenols  with  tertiary 
nitrogen  groups  are  much  more  absorbent  than  those  with  primary 
nitrogen  is  only  what  might  be  predicted  from  what  we  know  of  the 
ultra-violet  spectra.  The  homologues  of  benzene,  such  as  toluene,  ethyl- 
benzene,  and  the  xylenes,  are  more  powerfully  absorbent  than  benzene 
itself.  The  tertiary  monamines  trimethylaraine  and  triethylamine  are 
more  absorbent  than  the  corresponding  primary  bases.  Moreover,  it  was 
proved  in  the  case  of  dyes  that  in  the  triphenylmethane  derivatives  the 
replacement  of  3H  by  (CH3)3  rendered  the  substance  much  mare  power- 
fully absorbent,  methyl  violet  and  rosaniline  hydrochloride  being  a  case 
in  point.  This  is  best  shown  by  the  curves  which  illustrate  the  original 
paper  :  but  it  also  appears  from  the  measurements  which  have  already  been 
quoted,  if  we  consider  that  the  red  rays  are  freely  transmitted  by  the 
rosanile  salt  when  even  stronger  solutions  than  those  containing  a  milli- 
gramme -  molecule  of  substance  in  100  c.c.  The  methyl  derivative 
barely  transmits  any  light  through  25  mm.  of  such  a  solution.  Then, 
again,  the  width  of  the  band  transmitted  by  the  methyl  violet  is  narrower. 
The  same  observation  applies  to  iodine  green. 

The  mere  position  of  a  band  of  transmitted  red  rays  cannot  be 
considered  as  indicative  of  a  constitution  similar  to  that  of  the  triphenyl 
methane  derivatives  or  of  the  indophenols  because  many  of  the  diazo- 
colours  show  such  a  band.  The  difference  between  them  lies  in  the  effect 
of  dilution  ;  in  fact  it  is  the  absorption  curves  which  are  of  importance, 
or,  better  still,  the  curves  of  molecular  vibrations.  There  is  a  particular 
curve  for  each  class  of  derivatives,  the  particular  members  of  each  class 
showing  variations  of  the  curve  characteristic  of  the  class.  This  is  more 
marked  in  the  case  of  the  azobensene  and  azonaphthalene  derivatives 
than  it  is  even  in  the  derivatives  of  triphenylmethane,  because  a  larger 
number  of  individual  substances  belonging  to  the  former  class  have  been 
examined  than  of  the  latter.  It  is  quite  evident  that  the  nitrogen  groups 
are  chiefly  concerned  in  the  development  of  the  colours,  and  the  hydro- 
carbon radicals  appear  to  be  of  comparatively  small  importance  provided 
they  are  of  a  benzenoid  character. 


APPENDIX. 

List  of  Substances    the  Absorption  Spectra  of  which  have   been  studied  in 

connection  ivith  ttie  Chemical  Constitution  of  Organic  Compounds. 
NOTE. — The  method  of  indexing  adopted  by  the  Chemical  Society  has  been  followed. 


Subttuncc  Formula 


Acetic  Ac-id.        .     CH5COOH  . 


Nature  of 
Absorption 


,  !  Continuous 


Acetic  Acid  —Ba- 
rium salt  of 

Acetic  Acid—So- 
dium salt  of 
1901. 


(CH5.COO)2Ba 
CH5COONa 


Reference 


|  Hartley  and  Hunting- 
!      ton,  Phil.  Trans.  I. 
(1879),  257;  Schonn, 
Wied.  Ann.  6  (New 
Series),  1879, 267. 
Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 
(1870),  251). 
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Substance 

Formula 

Nature  of 
Absorption 

Reference 

Acetaldoxime 

CH5.CH:N.OH    

Continuous 

Hartley   and   Bobbie, 
Ghem.  Soc.  Trans. 

77  (1900),  818.    . 

Acetoxime  , 
Acetylene    . 

(CHS)2C;N,OH    
C3H2   

)> 
» 

Hartley,  Ghem.    Soc. 
Trans.  89  (1881),  158. 

a 

Acid  Brown—  So- 

IK'i.i    i-    N  \<     il  ••  : 

One  band 

Hartley,   Chem.    Soc. 

dium  salt  of 

a   a 

Trans.  51  (1887),  158. 

Aconitine     (from 

C33H49N012        

Selective      \ 

Hartley,  Phil.  Trans. 

Aconitum    na- 

II.  (1885),  471. 

pellus) 

Aconitine     (Jap- 

C66H88.NAi      

» 

,, 

aconitine) 

Aconitine  (pseud-) 

Cso^jNO  12                       .... 

» 

51 

(from  Aconitum 

ferox) 

Aconitine  (foreign) 
Alanine 

?       .                                                       . 

CH3.CH(NH2)COOH 

Continuous 
» 

J.  L.   Soret,  Archives 

des    sciences    phy- 

siques et  naturelles, 

1898  (3rd  Series),  429. 

Aldehyde    Green 

Selective 

Vogel,  Ber.  11  (1878), 

(A      rosaniline 

1868. 

derivative) 

Alizarin 

C,,H,iCO),C,,H>OH., 

)) 

Vogel,  Ber.  11  (1878), 

1363  ;    Lieberraann, 

Ber,  19  (1886),  2827; 

21  (1887),  2527. 

Alizarin       ethyl 

(:,Hil(;o.,c(jH,oc.H   .  . 

„ 

Liebermann,   Ber.  21 

ester 

* 

(1887  1,  2527. 

Allantom     . 

C4H6N405    

Continuous 

J.  L.  Soret,  Archives 

des    sciences    phy- 

siques et  naturelles, 

1898    (3rd    Series), 

Alloxan 

rn/NH-CO\m 
CO\NH-CO/CO     •        •        •        • 

„ 

429. 
» 

Allylic  Alcohol    . 

C3H5OH      

. 

Hartley,    Chem.    Soc. 

Trans.  89  (1881),  158. 

Amido  -  azo  -  ben- 

See under  Azo  Compounds. 

zene 

Amido  -  azo  -  a  - 

See  under  Azo, 

naphthalene 

Ammonium   Hy- 
droxide 

NH4.OH     

i 

Hartley  and  Hunting- 
ton,  Phil  Trans.  L 

(1879),  257  ;  Hartley 

and  Dobbie,  Chem, 

5oc.Tran«.77(1900), 

818;  Schdnn,  Wied. 

Ann.  6  (1879),  267. 

Amylene  (B.P.)  . 

C8    i    

» 

Hartley,    Chem.   Soc. 
Trans.  89  (1881),  158 

Amylic  Acetate  . 

CH3COO.C5HLO  

» 

Hartley  and  Hunting- 
ton,  Phil.  Trans,  I. 

(1879),  257. 

Amylic  Alcohol  . 

— 

Schonn,  Wied.  Ann.  6 

I 

(New  Series)  (1879), 

1 

267. 

Amylic  Butyrate 

C3H7COOC5H,0  

!  Continuous 

! 

Hartley  and  Hunting- 
ton,  Phil.  Trans.  L 

(1879),  257. 

Amylic  Formate  . 

HCOO.C5H]0      

n 

» 

Amylic  Propion- 

C3H5.COO.C5Hi0        . 

» 

ate 
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Substance 

Formula 

Nature  of 
Absorption 

Reference 

Aniline 

C0H5NH2    

Selective 

Hartley  and  Hunting- 

ton,  Phil.  Trans,  I. 

(1879),  257;   Pauer, 

Wied.Ann.  der  Phya. 

61  (1897),  868. 

Aniline  Blue 

C20H10(C6H5)3N3.HC1 

„ 

Melde,  Pogg.  Ann.  126 

(1865),  264. 

Anthracene 

C14H10        

Four  bands 

Hartley,   Chem.    Soc. 

Trans.    89     (1881), 

158. 

Apomorphine  Hy- 
droehloride 

C17H17NO2.HC1  

Selective 

TTattlov,  Phil.  Trans. 
11.  JHrt.V,  471. 

Atropine 
Anthraflavic  Acid 

OILCeH3(cb)2.C6H3.6H    '.        '. 

Continuous 

y  ^  " 

(2  :  6)—  Dioxy- 

> 

l'r.:\r!ir-iV:!MAra 

C6H3OH(CO)2C6H3(OH)    .        .        . 

N  Selective 

Libermann    and  Kos- 

tanecki,      Ber.      19 

(1886),  2827  ;  Lieber 

mann,#er.21(1887), 

2527. 

iso  -  Anthraflavic 

OH.C0H3(CO)2.C6H3.OH      . 

>} 

Acil    (2:7)  — 

Dioxyanthra- 

quinone 

Anthragallol 

C6H/£££>C<3H(OH3)  [1:2:3] 

it 

Jt 

Aurin  . 

C19H1403     

n 

Hartley,    Chem.    Soc. 

Trans.    51     (1887), 

153. 

Anthrarufin 

C0H4(CO)aC«H,4(OH),  [1.6] 

)} 

Libermann   and   Kos- 

tanecki,     Ber.     19 

(1886),  2827. 

Azo  Compounds  : 

Amido  -  azo  -  ben- 

NJC«H4NH2 

Landauer,      Ber.     14 

zene 

» 

(1881),  891. 

Amido  -  azo  -  a  - 
naphthalene 

C10H7N:N.C10H6NH,.        .        .        . 

» 

Hartley,    Chem.    Soc. 
Trans.     51     (1887), 

158;  Landauer,  Ber. 

Azo-benzene 

C6H5N:NC6H5    .... 

14  (1881),  891. 
Hartley,   Chem.    Soc. 

Azo-benzene    di- 

Trans.  51  (1887),  153. 
Landauer,     Ber.     14 

atnido  toluene 

1  C  H  ,CH  (NH<> 

j) 

(1881),  891. 

o-  Azo-  toluene-  di- 

(c  H^  CH      * 

amido-benzene 

2|C8H4(NH5)          .... 

,, 

„ 

o-  Azo-toluene-  di- 

i  C  H  .CH    2 

amido-toluene 

1  1  C6H2.CH3(NH2)2 

» 

p-Azo-toluene-di- 

(C,»H,.c£- 

amido-benzene 

lC,JI^(NHfa).|         .... 

ii 

D 

p-Azo-toluene-di- 
ami  do-  toluene 

N2]c6H4c|5 

it 

Benzene  -  azo  -  £  - 
naphthol     sul- 

C6H5N:N9Clo^4(HS03)2OH 

One  band 

Hartley,    Chem.    Soc. 
Trans.     51     (1887), 

phonicacid  (So- 

158. 

dium  Salt) 

Di  -  amido  -  azo  - 
benzene  (Chrys- 

Mc66H3(NH3)*         -        .        .        . 

Selective 

Hartley,    Chem.    Soc. 
Trans.     51     (1887), 

oidin) 

153;  Landauer,  Ber. 

14  (1881),  891. 

Di  -  amido  •  azo  - 

XT    fC,  TT^  \TT  «i. 

Landauer,     Ber.     14 

benzene      sul- 

(  C,  11  ..SO-  11  " 

» 

(1881),  891. 

phonic  acid 

Q2 
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Substance 

Formula 

Nature  of 
Absorption 

Reference 

Di-methyl-amido- 
azo-benzene 

N   fC6H4N(CH3)2 

Selective 

Landauer,     Bcr.     14 
(1881),  891. 

Di-methyl-amido- 

w  j  C6H4N(CH3)2 

azo-benzene 

2  (  CflH^SOjH  " 

" 

" 

Bulphonic  acid 
Phenyl  -azo- 
phenyl-#-naph- 

Ph.N:N.C0H4.N:N.C10H5(HS05)OH  . 

One  band 

Hartley,    Cliem.    Soc. 
Trans.     51    (1887), 

thol  -  sulphonic 

158. 

acid   (Croceine 

Scarlet) 

Tri  -  amido  -  azo  - 
benzene 

N   (C6H5(NH2)2 

Selective 

Landauer,     Her.     14 
(1881),  391. 

B 

Benzene 

C(,H, 

Six  bands 

Hartley  and  Hunting- 

ton,  Phil.  Trans.  II. 

(1879),  257  ;  Hartley, 

Chem.  Soc.  Trans. 

47  (1885),  685;  Hart- 
ley    and      Dobbie, 

Chem.  Soc.  Tran#. 

73(1898),695;Pauer, 

Wied.Ann.derPhys. 

61(1897),  363. 

Benzene  -  hexa  - 

CCH0C10       ...               .        . 

Highly  di- 

Hartley,    Ghent.    Soc, 

chloride 

actinic 

Trans.     39    (1881), 

153. 

Benzene-methyl  . 

See  Toluene. 

Benzene  -  tetra  - 

See  under  T. 

hydro 

Benzoic  Acid 

C<jH5.COOH        

Selective 

Hartley  and  Hunting- 

ton,  Phil.  Trans.  I. 

(1879),  257. 

Benz  -  aldoxime 

C6H5.C.H 

One  band 

Hartley    and   Dobbie, 
Chem.  Soc.  Trans. 

(anti-) 

OH.N 

77  (1900),  509. 

iso  -  Benz  -  aldox- 

C6H5.C.H 

ime  (syn.  aldox- 

II         

„ 

„ 

ime) 

N.OH 

Benzene-  azo-  0- 

See  under  Azo  Compounds, 

naphthol-  sul- 

phonic acid 

Benzyl  diphenyl- 
amine—  Violet 

— 

Selective 

Lemoult,  Compt.  Rend. 
131  (1900),  839. 

Biebrich   Scarlet 
(Sodium  Salt) 

HSO^Cja^.Na.CVH^HSO  ,).Ni.UIOHe.OH     . 

One  band 

Hartley,    Chem.    Soc. 
Trans.    51    (1887), 

153. 

Bismarck  Brown 

C<frK4.NH2.N:N.CflH3(NH..V, 

Triamidoazo- 

benzene 

Biuret  . 

C2H5N302  

ContinnouB 

J.  L.  Soret,  Archives 

des    sciences    phy- 

siques et  naturelles, 

1898     (3rd    Series), 

429. 

Brilliant  Green  . 

PhC:!C6H,N(Et)2}2 

Lemoult,  Compt.  Rend. 

. 

Selective 

181  (1900),  839. 

OH 

Brom-benzcue 

Pauer,  Wied.  Ann.  der 

Phys.  61  (1807),  368. 

Brucine 

C^Ho^NoO  i  +  4H20    .... 

n 

Hartley,  Phil  Trans 

II,  (1885),  471. 
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Substance 

Formula 

Nature  of 
Absorption 

Reference 

MO-Butylic    Ace- 

CH5COO.C4H0     

Continuous 

Hartley  and  Hunting- 

tate 

ton,  Phil.  Trans.  II. 

(1879),  257. 

wo-Butylic  Buty- 

C3H7.COO.C4Hy  

M 

rate 

wo-Butylic    For- 

HCOO.C4H9         

mate 

>f 

n 

i-so-Butylic  Vale- 

C5H902.C1H9      

n 

ranate 

Butyric  Acid 

CHVCH2.CH2.COOH 

fl 

Butyric     Acid  — 

(C5H7COO)3Ba  

n 

f< 

Barium  salt  of 

Butyric     Acid— 

C5H7COO.Na     

|f 

Sodium  salt  of 

iso-Butyric  acid 

(CH3)2:CH.COOH       . 

M 

n 

c 

Caffeine 

CsHi0N4Oo         .        .        .        .        . 

General 

Hartley,  Phil.  Trans. 

Camphor     . 

CioH16o 

Highly 

II.  (1886),  471. 
Hartley,   Chem.    Soc. 

diactinic 

Trans.  89  (1881),  158 

Camphoric  Acid  . 

C8H14(COOH),  

General 

n 

Carbohydrates  : 

Cane  Sugar 

f*    H    O 

J.  TJ,  Soret,  Archives 

" 

dts    sciences    phy- 

siques ct  naturelleS) 

1893    (3rd    Series), 

429. 

Highly 

Hartley,  Trans.  Chem. 

diactinic 

Soc.  51  (1887),  58. 

Glucose    . 

C6H1200      

General 

J.  L.  Soret,  Archives 

des    sciences    phy- 

siques et  naturelles, 

1893    (3rd     Series), 

o-Oxy-carbanil    . 

See  under  0. 

429.    Also  Hartley. 

Carbon        disul- 

CS>     

Selective 

Pauer,  Wied.  Ann.  der 

phide 

Phys.  61  (1897),  863. 

Carbon        disul- 

— 

?j 

Pauer,  Wied.  Ann.  der 

phide  vapour 

Phys.,    61     (1897), 

363. 

Carbon        disul- 



phide  solution 

Carbostyril  . 

C»H7NO     

One  band 

Hartley  and    Dobbie, 

Chem.  Soc.  Trans. 

75  (1899),  640. 

Methyl      Carbo- 

C10H9NO    

„ 

styril 

Methyl    pseudo- 

C10H9NO    

Carbostyril 

Cevadine  (Merk's 

CS3H49NOo  (?) 

General 

Hartley,  Phil.  Trans. 

Veratrin) 

II.  (1885),  471. 

Chlor-benzene     . 

C6H5C1       

Selective 

Pauer^  .,  +**»Ann.  der 

Phys.  61  (1897),  868.  , 

Chrysa/in   . 

C0H7(CO)2C6H3(OH),        :       .       . 

„ 

Libermann  and  Kosta- 

necki,  Ber.  19  (1886), 

2827. 

Chrysoidine   (Di- 
amido-azo-ben- 

See  Aso  Compounds. 

zene) 

i 

Cinchonine     sul- 

(C19H2aN20)3.H2S04 4-  2H  0 

1 

Hartley,  Phil.  Tram. 

phate 

II.  (1885),  471. 

Chinconidine  sul- 

(C19Ho<jN20)2HaS04 -f  6H.  0 

phate 

•4 
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Substance 

Formula 

Nature  of 
Absorption 

Reference 

Codeine 

C18H31N03.        .        .    '    .        .        . 

Selective 

Hartley,  Phil.  Trans. 

II.  (1885),  471. 

Codeine  di-acetyl 
Corallin 

C13H19(C2H30)8NO;  .        . 

— 

» 

Vogel,  Ber.  11  (1878), 

1868. 

Cotarnine  hydro- 

CioHi^NCh.HBr  +  2H20 

ji 

Hartley,  Phil.  Trans. 

bromide 

II.  (1885),  471. 

Croceine  Scarlet 

See  under  Azo  Compounds. 

(Phenyl  -  azo- 

phenyl-j3-naph- 

thol  -  sulphonic 

acid) 

o-Cresol 

C«Hi(CH*)OH    

Hartley,    Chem.   Soc. 

Trans.    58     (1888), 

641. 

m-Cresol     . 

C6H4(CHS)OH    

J} 

„ 

p-Cresol 
Cumeneazo  -  j3  - 
uaphthol-disul- 

C6H4(CH,)OH    

C9Hll.N:N.C1oH4(HS05)aOH3  . 

One  band 

Hartley,    Ch&ni.   Soc. 
Trans.     51     (1887), 

phonic        acid 

158. 

(Sodium  Salt) 

Cyanin 

— 

Selective 

Vogel,  Ber.  11  (1878), 

1868. 

Cyanogen- 

Hydrocyanic 

See  under  H. 

Acid 

Cyanuric  Acid     . 

C5N3(OH)v. 

General 

Hartley,   Chem.    Soc 

Trans.  41  (1882),  45; 

Hartley,  Dobbie  and 

Lauder,  Chem.  Soc. 

Trans.  (1901). 

wo-Cyanuric  Acid 

See  Methyl  iso-cyanurate. 

—Methylic 

ester  of 

Cyanuric   Acid  — 

See  Methyl  cyanurate. 

Methylic   ester 

of 

Cyanuric    Chlor- 

C3N3C13     ... 

n 

Hartley,   Dobbie    and 

ide 

Lauaer,  Chem.  Soc. 

Trans.  (1901). 

D 

di-Acetyl  Codeine 

See  under  Codeine. 

a-  E  thy  lie  di-ben- 

See  under  E. 

zoyl  succinate 

/8-Ethylic  di-ben- 

See  under  E. 

zoyl  euccinate 

•y-Ethylic  di-ben- 

See  under  E. 

zoyl  succinate 

Di  -  amido  -  azo  - 

See  Azo  Compounds. 

benzene 

(Chrysoidene) 

Di-ethylamine     . 

NH(C2H5)2  

Continuous 

Hartley  and  Hunting- 

ton,  Phil.     Trans. 

I.  (1879),  257. 

Digitaline    . 

P    H    O 

Hartley,  Phil.  Trans, 

" 

II.  (1885),  471. 

Diketo    hexame- 

nn/CHa.CHjVpfv    . 

lf 

Hartley   and  Dobbie, 

thylene    . 

\  r*TT    P'W   /^^ 

Ch&ni.  Soc.  Trans. 

(1898),  599. 

Di-methyl-amido- 
azo-benzene 

See  ABO  Compounds. 

Dimethylamine  . 

NHfCH.U  

Hartley  and  Hunting- 

" 

ton,  Phil,  Trans,!. 

(1879),  267. 
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Substance 


Dimethyl     pyra-  j  CdHHN2 
zine 


m  -Dioxyanthra- 
quinone  [1 : 2] 

Dipyridine  . 


Formula 


I 


E 


Emodin       .        . 
Eosin  .        .        .  | 

Ethylamine  88  %   ,  NH8(C.2H5)  . 

Ethyl-benzene     .  |  C,jHft(C2H5) 

Ethylene  Gas      .  !  C2H,   . 

Ethylic  Alcohol  .  C.2Hr,.OH     . 


Ethylic  Acetate  .     CH-,.rOO  C  H-    . 
Ethylic  Butyrate     C-.ll  C(  )(>.('',  1  1    . 
Ethylic  Formate  '](<;<)<>.(:.  11' 
Ethylic    Isocyan-  '  CO.N.CaH6         . 
ate 

Ethylic  Propion-     C2HVCOO.C2H,, 
ate 

Ethylic  Valerate  |  C5HyO,  AH5      . 
Ethylic  ether  of  j  See  under  0. 

o  -  oxycarbanil 

(enoiic      form,  I 

B.P.  225°-280°)  I 
Ethylic  ether  of     See  under  0. 

o  -  oxycarbanil  [ 

(ketonic    form,  ' 

M.P.  29°)  ! 

a-Ethylic    diben-  j  CwH22Oei    .. 

Boyl  succinate     ! 


j8-Ethylic  diben- 
zoyl  Buccinate 

•y-Ethylic  diben- 
zoyl  Buccinate 


Fast  Ked  (Sodium  |  HS03.C10HC,N:N.C10H6.OH 
Salt)  .  i  o  a  £ 


Nature  of 
Absorption 


One  band 


Reference 


Hartley  and   Dobbie, 
Chem.  Soc.  Trans. 
!      77  (1900),  846. 
Selective    I  Libermann  and  Kosta- 
!      necki,£er.!9(1886), 
|      2827. 

One  band  I  Hartley,  Chem.  Soc. 
Trans.  47  (1885), 
685. 


Selective 


Continuous 


Selective 


Highly 
di  actinic 


Continuous 


Libermann  and  Kosta- 
necki,Ber.  19(1880), 
2827. 

Vogel,  Ber.  11  (1878), 
1863 ;  E.  Vogel, 
Wied.  Ann.  48,  New 
Series  (1891),  449. 

Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 
(1879j,  257. 

Pauer,  Wied.  Ann.  der 
Phys.  61  (1897),  336. 

Hartley,  Chem.  Soc. 
Tram.  89  (1881), 
168. 

Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 
(1879),  257 ;  Schonn, 
Wied.  Ann.  6,  New 
Series  (1879),  267. 


Hartley,  Dobbie  and 
Lauder,  Chem.  Soc. 
Trans  (1901). 

Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 
(1879),  257. 


One  band 


Hartley  and  Dobbie, 
Chem.  Soc.  Trans. 
77  (1900),  498. 


'  One  band 


Hartley,   Chem.    Soc. 
2Van*.51(1887),158. 
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Substance 

Formula 

Kature  of 
Absorption 

Reference 

Flavo-purpurin    .   CCH3(OH)  <(££>C6H2(OH),       .        . 

Selective 

Libermann   and  Kos- 
tanecki,      Ber.     19 

[1:2:6] 

(1886),  2827  ;  Lieber- 

mann,5er.21(1887), 

2527. 

Fluorescein  .        .     CooHjoO-     ... 

KrUss,  Ber.  18  (1885), 

" 

2586  ;      E.     Vogel, 

Wied,  Ann,  48,  New 

Series  (1891),  449. 

Fluorescein  —  De- 

KrUss; E.  Vogel,  loc. 

rivatives  of 

cit. 

Formic  Acid 

H.flOOH              .        . 

Continuous 

Hartley  and  Hunting- 

! 

ton,  Phil.  Trans.  I. 

i 

(1879),  257. 

Formic     Acid  — 

(HCOO)2Ba        1 

Barium  Salt  of 

.         M 

" 

Fuchsin       .        .     C>0H10N5.HCI  +  4H20         .       .        .  ; 

Selective 

Melde,  Pogg.  Ann.  126 

(1865),  264;    Vogel, 

Ber.  11  (1878),  1868. 

p-Fucbsin  .        .     CeH^C-fC^H^NHo)^  .... 

„              Kriiss,  Be)'.  15  (1882), 

d 

1243. 

Furfuraldehyde  . 

C4H3O.COH        

Continuous 

Hartley    and    Dobbie, 

Chem.  Soc.    Trans. 

(1898),  599. 

Furfuramide 

(CiHrCXCHsJ-No  . 

Furfuran 

CH:CH^ 
1           V>  

CH:CH' 

G 

Glucose       .         .     See  under  Carbohydrates.                    \ 

H 

Heliantliine  (Tro-  :  HSOj.C^.NiN.CeH^^CH^).,  . 
poeoline  0)       .                      (4)  (4)         (1) 

Selective     ;  Hartley,    Cltew.    Soc. 
Trans.     51    (1887), 

j 

158. 

Heptane      .       .     C7H1C  

Continuous 

Hartley  and  Hunting- 

ton,    Phil    Tram. 

I.  (18V9),257. 

Hexane        .        .     ChHu  , 

t 

Hexamethylene  .  •  C^Hf.H^      ...... 

Hartley   and    Dobbie, 

Chem.  Soc.  Trans. 

77  (1900),  846. 

!                                       Cl 

Hexam  e  t  bylated 
Violet     (Crys- 
tal Violet) 

j              |   j 
(Me,NC0H4)2=C.C6H4.N,Me,     . 

Selective 

'.  .""•:',"  : 

Hippuric  Acid     . 

C9Hj,N03     

Continuous 

Hartley  and  Hunting- 

ton,    Phil.    Trans. 

I.  (1879),  257  ;  J.  L. 

Soret,  Archives  des 

Hofmann's  Violet 

f..i[,,-cii;'.,x.airci, 

Three  bands 

Series),  429, 
Hartley,     Trans.     51 

1 

(1887),  158. 

Hydrocyanic  Acid 

HCN   

Continuous 

Hartley,     Trans.     41 

(1882),  45. 

Hydroquinone     . 

See  under  Quinone 

m-Hydroxyben-  i  C6Hj(OH)COOH;       .... 
zoic  Acid  ,       .  , 

Selective 

Hartley,   Ghent.   Soc. 
Traw*.58(1888),041. 
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Substance 

F0rmula                                Action 

Reference 

p-Hydroxyben- 

CGH4(OH)COOH        ....     Selective 

Hartley,    Chem.   Soc. 

zoic  Acid  . 

Trans  .  58  (1888)  641. 

Hydro  xyl  ami  no 
hydrochloride 

NH2(OH).HC1 

Highly 
diactinic 

Hartley   and   Dobbie, 
Chem.  Soc.  Trans. 

77  (1900),  818. 

Hyoscyamine 

Cl7Ho3NO:,  . 

Continuous 

Hartley,  Phil.  Trans. 

II.  (1886),  471, 

Hypoxanthine 

C.H.N^O     . 

Selective 

J.  L.  Soret,  Archives  ' 

(Sarcine)  . 

des  sciences  physi- 

i      ques   et  nature-lies, 

1893    (3rd    Series), 

>      429. 

I 

Indigo.        .        .     C,,H,<«>>C 

-C<(£2/C6H4          .  |  Selective 

Vogel,  Ber.  11  (1878), 

! 

1863;    Kriiss,   Ber. 

18  (1885),  2586. 

Indigo  —  Deriva- 

—                                                           >j 

Kruss,  Ber.  18  (1885), 

vatives  of         .  ! 

2586. 

lodo-benzene      .     C^H  [  . 

Paner,  Wied.  Ann.  deT 

Iodine  Green  (Tr  i-     CH^HN.C^ 

X/N.CH, 

Phys.  61  (1897),  863. 

methyl-  rosanil- 
ine    di  -methyl  - 

CH3.HN.CoH, 

C    |        *     -2CH5I    .  !  Four  bands 
/\Ct;H3.CH5 

Hartley,    CJiem.    Soc. 
Trans.  (1887),  158. 

di-iodide) 

laatin  . 

C.H5NO,     . 

Two  bands 

Hartley   and   Dobbie, 

Chem.  Soc.  Trans. 

75  (1899),  640. 

Methyl  Isatin      . 

C,>H7NO.> 

One  band 

Methyl     pseudo- 

C0H7NO,     . 

Two  bands 

J? 

Isatin 

Iso  Compounds  .  j  See  under  substance  to  \vhich  Jso  is 

prefixed, 
lodobenzene     C0H5I. 

Selective 

Vapour 

lodobenzene    So- 

lution 

—                                    Continuous 

J 

Jap-aconitine      .    Sec  Aconitinr 

!                1 

L 

Leucine       .        .  !  C6H15NO..   . 

Continuous 

J.  L.  Soret,  Archives 

; 

dcs    sciences   phy- 

|                                  j 

siques  et  naturellest 

1893    (3rd    Series). 

1 

429. 

M 

Malachite  Green  . 

C0HyCr.  {C   ] 

I^CH-,)^}*.        .        .  '  Selective 

Lemoult,  Compt.  Rend. 

1 

. 

181      (1900),     889; 

OH 

Vogel  Ber.  11  (1878), 

1368. 

Melamine    . 

C5N3(NH,)- 

Continuous 

Hartley,  Dobbie,  and 
Lauder,  Ohem.  Soc. 

i 

Trans.  (1901). 

Melamine  —  Tri- 

See  under  Tri-ethyl  melaminc. 

ethyl  ester  of 
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Substance 

Formula 

Nature  of     i 
Absorption 

Reference 

wo  •  Meiamine   - 

See  under  Tri-ethyl-iso-melamine. 

Tri-ethyl  ester 

of 

Mesitylene  . 
Methylamine  88% 

See  Tri-methyl  Benzene, 
NH,(CH3)   

Continuous 

Hartley  and  Hunting- 

ton,  Phil.  Trans.  I. 

l 

(1879),  257. 

Methylamine  hy- 
drochloride 

CH3.NH2.HC1     

Highly  di- 
actinic 

Hartley  and    Dobbie, 
Chem.  Soc.   Trans. 

77  (1900),  818. 

Methylic  Alcohol 

CH5.OH      

"           i 

Hartley  and  Hunting- 

ton,    Phil     Trans. 

(1879);       Schonn, 

267. 

Methyl       Carbo- 

See  under  C. 

styril 

Methyl     pseudo- 

»           » 

i 

Carbostyril 

C^.N.Mej.MeCl 

! 

Methyl  Green 

Me2.N.C6H4.C  "-Ct5H4.N.Me.(J       . 

Selective 

Lemoult,  Compt.Rend. 

1            !\ 

181  (1900),  839. 

•  ~    -•  ci 

Methyl  Isatin 

See  under  I. 

Methyl     pseudo- 

»       „ 

Isatin 

Methyl  Pyridine  . 

See  Picoline. 

Methylic  Acetate 

CHVCOO.CH3    . 

Continuous  \ 

Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 

(1879),  257. 

Methylic  Alcohol 

CH3.OH      ...                . 

Highly  di- 

n 

actinic 

Methylic      Buty- 

C3H7.COO.CH5  . 

Continuous 

„ 

rate 

Methylic   Cyanu- 

C5N.,(OCH5)5      .        . 

M 

Hartley,  Dobbie,  and 

rate(M.P.185°) 

Lander,  Chrm.  Soc. 

Trans.  (1901). 

Methylic  Formate 

H.COO.CH3        .... 

n 

Hartley  and  Hunting- 

ton,  Phil.  Tram.  I. 

(1879),  257. 

Methylic     Isocy- 
anate 

CON.CH3    

» 

Hartley,  Dobbie,  and 
Lander,  Chetn.  Soc. 

Trans.  (1901). 

Methyl  Iso-cyanu- 

C303N3(CH3)3     

i               " 

„ 

rate  (M.P.  175°) 

Methylic        Pro- 
pionate 

C2H5.COO.CH3  .                        .        . 

11 

Hartley  and  Hunting- 
ton,  Phil  Trans.  I. 

(1879),  257. 

Methylic   Salicy- 

C«H4(OH).COO.CH3  .... 

Selective 

„ 

late 

Methylic      Vale- 

C5H9O.2.CH3       

Continuous 

„ 

rate 

Methyl       Violet 

ClflH14N3(CH5)sHCl  .... 

Selective 

Vogel,  Per.  11  (1878), 

[Penta  -  methyl 

1868. 

Violet?] 

Morphine    •        . 

C   H   NO 

Hartley,  Phil.  Trans. 

17      19         3 

M 

II.  (1886),  471. 

apo-Morphine     . 

See  under  A. 

Methyl  Morphine 

See  Codeine. 

Morphine  -  tetra- 

C17H15(C2H30)4N05  .        .       .       . 

i                  » 

M 

cetyl 

Murexide    . 

C8H4NH4.N506 

Three  bands 

Hartley,   Chem.    Soc. 

4-H^O 

Trans.    &1     (1887), 

158. 
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Substance 


Naphthalene 


Naphthalene  Red 
(Magdala  Red) 

Naphthalene 
Red? 

Naphth  alene 
umido-azo-a- 

NarceYne 

Narcotine    . 
oxy  Narcotine     . 
Nicotine 

m-Nitraniline 


N 


CioHs 


C5oH->,Ns.HCl.H,0     . 


See  under  Azo  Compound*. 
C2,H,7N08.        .        .        . 

See  under  0. 

C10H14N.2    .... 

CdH4(NO.>).NH2  . 


p-Nitraniline       .  j  C,,H,'NO.,  NIT..  . 
Nitro-benzene  i  (J^IF^NOj     . 

(vapour)  j 

Nitro-beuzene  I 

(solution)  ! 

o-Nitrophenol      .  |  C,;H4(OH)NO,    . 


p-Nitrophenol 

Nitroso  -  diethyl 
aniline 

Nitroao- dimethyl 
aniline 

Nitroao-ethyl  ani- 
line 

Nitroso-iao-butyl 
aniline 

Nitroso  -  methyl 
aniline 

Nitroso  -  prophyl- 
aniline 

Nitroso-di- 
phenylamine 

Nitroao  -  di  -  me- 
thyl m-chlor- 
aniline 

Nitroeo  -  di  -  me- 
thyl -  m  •  brom- 
aniline 

Nitroso  -  di  -  me- 
thyl-m-iod-  ani- 
line 

Nitrono- ethyl- a- 
naphthylamine 

Nitroso-ethyl-o- 
toluidine 

Nitroao-methyl-o- 
toluidine 


C M. OH    NO     . 

C  M.  NO  N  c'll    .     . 


C6H5N(NO)ty-I5 

CnH5N(NO)C4Htl 

C6H.JN(NO)CH5 . 

j  C,H,N(NO)C3H7 

I  (C6Ha),N.NO      .        . 

i 

;  C,HSC1(NO)N(CH5)2  . 

|  CbH,Br(NO)N(CH3)2. 

Cl)H5I(NO)N(CH3)a    . 

C10H7N(NO)C2H6  . 
C«H4.CH5.N(NO)C2HS 
C6H4.CH3N(NO)CH5. 


Four  bands  ,  Hartley,  Ghent.  Soc. 
\  Tram.  39  (1881), 
j  158  ;  47  (1885),  685. 

Selective  i  Vogel,  Ber.  11  (1878), 
622. 


Continuous    Hartley,  Phil  Trans. 

II.  (1885),  471. 
!  Selective      ,  „ 

ContinuouH    Hartley,  Phil,  Trans. 

'      II.  (1885),  471. 

Selective        Hartley  and  Hunting- 
ton,  Phil  Trans.  I. 

'      (1879),  257. 

Continuous  '  Pauer,  Wied .  Ann.  der 
Phys.  61  (1897),  868. 


Selective      ,  Hartley  and  Hunting- 
ton,  Phil  Trant.  I. 

(1897),  257. 

I!  Kock,  Wied.  Ann.  82 

(1887),  167. 
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Substance         | 

1 

Formula 

Nature  of 
Absorption 

lleferencc 

o 

Octane 

Continuous 

Hartley  and  Hunting- 

ton,  Phil.  Trans.  I, 

(1879),  257. 

Octylic  Alcohol  . 

C8H17.OH    

,, 

Oxalic  Acid  (10  % 

COOH 

)> 

solution) 

1 

COOH 

Oxaluric  Acid 

CO/NH2                   .... 
UU\NH.CO.COOH 

Selective 

J.  L.  Soret,  Archives 
dts    sciences   phy- 

siques etnaturellest 

3rd    Series    (1898), 

429. 

<r-0xybenzoic 
Acid  (see  Sali- 

CcHt(OH)COOH       .... 

» 

Hartley,  Trans.  Chem. 
Soc.  58  (1888),  641, 

cylic  Acid) 

m  -  Oxy  -  benzoic 
Acid  (1.8) 

CCH4(OH)COOH        .... 

» 

Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 

(1879),  257. 

p  -  Oxy  -  benzoic 

CgHt(OH)COOH        .... 

J} 

„ 

Acid 

o-Oxy-carbanil    . 

•C-HAN     

One  band 

Hartley,   Bobbie   and 
Paliatseas,     Chem. 

Soc.Trans.n(im), 

889. 

o-Oxycarbanil  — 

CgH^OoN 

?) 

r 

Ethylic     ether 

of  (enolic  form, 

B.P.225°-280°) 

o-Oxycarbanil  — 

Cr»H9OoN 

f> 

p 

Ethylic     ether 

of(ketonicform, 

M,P.  29°) 

Oxy-narcotine 

Co->Hv;N08  

Selective 

Hartley,  Phil.  Trans. 

i 

II.  (1885),  471. 

Ozone  . 

0,,        

i 

Hartley,   Ghem.   Soc. 

i 

Tram.  89  (1881),  57, 

P 

Paparerine  . 

C20H31N04  

Selective 

Hartley,  Phil.  Trans. 

II.  (1885),  471. 

Penta  -   methyl  - 

/C6H4N(CH5)2 

para-rosaniline 

1             i 

1             1 

Phenanthreno     . 

Four  bands 

Hartley,   Chem.   Soc. 

Tr,".  ;;.»  i-ii  .i-j 

Phenol 

C6H5OH      

Selective 

Hi-1,  i  u-  i  li-.-  •:•!,: 

ton,  'Phil.  Trans.  1. 

(1879),  267  ;  Schonn, 

Wifid.  Ann.  6,  New 

Series  (1879),  267. 

Phenyl  Bluo 

— 

i          " 

Lemoult,          Compt. 

1 

Rend.    181    (1900), 

889. 

Phlorizine   . 

C-iiHrtjOio  

Hartley  and  Hunting- 

" 

ton,  Phil.  Trans.  L 

(1879),  257. 

Phthalic  Acid     . 

C6H4(COOH)<>     

f| 

Picoline  (Methyl 

C^H^NfCHj)  "     

» 

Hartley,   Ghem.   Soc. 

Pyridine) 

Trans,  41  (1882),  45; 

45  (1885),  685. 

Picric  Acid  . 

i 

I 
i          " 

Melde,    Pogg.    Ann. 

126  (1865),  264. 
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Substance 

Formula 

1££X 

Picrotoxino 

~c^ow.  T  .  T'T 

Continuous 

Piperidme  . 

C5HHN       

» 

Piperine 

C17H,,,NO,  

Selective 

Potassium  Cyan- 
ate 

KCNO        

Continuous 

Propionic  Acid    . 

CoH^COOH        

„ 

Propionic  Acid- 
Barium  salt  of 
Propionic  Acid  — 
Sodium  salt  of 
Propylic  Alcohol 
Propylic  Formate 
Propylic  Propio- 
nate 
Propylic  Valera 
nate 
Purpurin     . 

(G2H:,COO),Ba  
C^COONa,      

c  H  OH 

•'  .•  -   '''     -,H7  . 

CTI  r\  p  TI 
^n.f^j^'^'o    7       ..... 

[(OH)3l:2:4j 

Selective 

Purpuro-xanthin 

(1,H,(COi,(VH,(OH),,fl:3] 

» 

Pyrazino  -  di    - 
methyl 
Pyridine 

See  under  I). 
r.H-N        

One  band 

1  Pyridine     hydro 
chloride 

T>  :.i:  ,    i.t  f     _TI 

C-H.X.liCl        

/  1   i  r   v  ,  /i/w\  tr\ 

j» 

Pyridine  2.5    di-  |  (\lI-XiCOOH) 

carboxylic  acid 

(iso  -  cinchome- 

ronic  acid) 
Pyrocatechol 


Pyrogailol 


Pyromucii-  Acid  .     (\H-.0. 
Pyrrole     (Pyrro-  .  CIU'IL 
'line)  I  >NH 

CH:CH 


Hartley,  Phil.  Trans. 
II.  (1885),  471. 

Hartley,  CJwm.  Soc. 
Trans.  47  (1885), 
685. 

Hartley,  Phil  Trans. 
II.  (1885),  471. 

J.  L.  Soret,  Archives 
dcv  sciences  et  natu- 
rclles,  3rd  Series 
(1898),  429;  Hartley, 
Dobbie  and  Lauder, 
Ghent.  Soc.  Trans. 
(1901). 

Hartley  and  Hunting- 
ton,  Phil.  Tmm.  I. 
W,  257. 


Selective 


;  Continuous  • 


Yo£cl,J&T.  11  (1878), 
1363 ;  Libermann 
and  Kostanecki,  Ber. 
19(1886),  2827. 

Libermann  and  Kosta- 
necki, Ber.  19  (J  886), 
21327. 


!  rra?i5.47(1885),685; 
Hartley  and  Dobbie, 
Chcm.  Soc.  Trans. 
77(1900),318;Pauer, 
Wicd.  Ann.  der 
Phys.  08  (1897),  363. 

Hartley,  Cliem.  Soc. 
Trans.  47  (1885), 
685. 

Hartley,  Chem.  Soc. 
Tfam.  41  (1882),  45. 


Hartley,   Chem,    Soc. 

Trans.     53    (1888), 

641. 
Hartley  and  Hunting- 

ton/P/nZ.  Trans.  I. 

(1879),  257. 

» 
Hartley   and   Dobbie, 

Chew.  Soc.  Trans, 

(1898\  599. 
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Substance 


Quinidine       sul- 
phate 
Quinine 

Quinine  sulphate 
Qumizarin  . 


Quinone 


T    H.SN,0, 
C,    IL,N,6,  II, SO 
T  II,  CO  ,C  11.01! 

[l :  4J 


Quinoline 


.  I  C,,H7N 


Quinoline  hydro-  !  Ct)H7N.HCl 

chloride  I 

Tetra  -  hydro-qui-  j  C0HUN 

noline 
Tetra -hydro-qui-     C,,HnN.HCl 

noline     hydro - 

chloride 


Kesorcinol 


.  ,  C,iHi(OH)3(l  :3) 


Q 


B 


Rosaniline  (base)     H, 

H.^Nj 

Kosaniline  hydro-     C^oHsoNsCl 

chloride 
Eosolic  Acid        .     C20H1603     . 

Ruftgallic  Acid    .     C14H202(OH),; 

[1.2-3:5:6:7] 


N 

Saffranme    .        .     H2N-  CtjH3{  |  /C,,H4 
\N/ 

/\ 

Cl    C,,H,.NH, 

Salicylic        Acid     CyH4(OH)(COOH) 
(5  %  solution)     i 


Salicine  .  .  C13H1807    .... 

Santalin  .  .  C15HHO5     .... 

Sarcine  .  .  See  under  Hypoxyanthin? 

Serine  .  .  .  .  C5H7NO:,    .... 


Sodium      Carbo- 
nate 


Selective 


Reference 


Hartley,  Phil.  Trans. 
II.  (1885),  471. 


Libermann  and  Koata- 
necki,  Ber.  19  (1886), 
2827 ;  Liebermann, 
Ber.  21  (1887),  2527. 

Hartley,  Chem.  Soc. 
Tram.  53  (1888), 
641 ;  J.  L.  Soret,  Ar- 
chives des  sciences 
physiques  et  natu- 
relles,  3rd  Series 
(1893),  429. 

Hartley,  Chem.  Soc. 
Tram.  41  (1882),  45; 
47  (1885),  685. 


One  band 


i    Selective,    i  Hartley,    Chem.    Soc.  ] 
I       Tram.    53     (1888), 

641. 

Three  bands  Hartley,  Chem.  Soc. 
Trans.  51  (1887), 
153. 


Two  bands 
Selective 


Kriiss,  Ber.  18  (1885),  , 
2586.  j 

Libermann,    Ber.    21 

(1887),  2527. 


Selectivo 


Ijandauer,     Dc,r. 
(1878),  1772. 


11  ! 


Continuous 


Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 
(1879),  257 ;  Hartley, 
Chem.  Soc.  Trans. 
58  (1888),  641. 

Vogel,  Ber".  11  (1878), 
1868. 

J.  L.  Soret,  Archives 
ties  sciences  phy- 
siques et  naturelleti, 
8rd  Series  (1893), 
429. 
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Formula  !    ?£S!l  Reference 


Nature  of 
Absorption 


Solanine 
Strychnine  . 


C52H05N018(?)   . 


Continuous 


•  !  C21H32N20.j Selective 

T 


Hartley,  Phil.  Trans. 
II,  (1885),  471. 


C19H21N05  . 


CH:CH 


CH:CH/' 


\S  . 


1  Tetracetyl    mor-  i  See  under  Morphine. 

\      phine 

\  Tetrahydrobenzene 


j  ThebaYnc     . 

Thiophene  . 

I 

Thymol 
Toluene 

o-Toluidine    Hy- 
drochloride 

]>  Toluidine . 
j  Tri  -  amido  •  azo- 
!      benzene 
\  Tri-ethylamine    . 


C6H3(CH5)(r5H7)OH  , 


C7II7.NH.,,HC1 


C-H.XH, 
Si  r  .1 ;    f'j 


i  Tri-othylmelamine   C3N,jH3(CMI0)-, 
I      (M.P.740) 
i 

Tri  -  ethyl  -  iso  -     Cr,NflH5(C2H5)r, 
melamine(M.P. 


Tri-mothylamine  .     N(CHX)-, 


i  Tri-methyl    ben-     CflIIs(CHs)- 

|      zone  ( 'l  :  8  :  6) 

i      (Mesitylene) 

j  Trimethyl-rosanil- '  See  lothn?  Green. 

j      ine    di-methyl- 

;      di-iodide 

1  Triphonylmethane   011(0^5).-^ 

!  ! 

j  Tropo3oline  0      .  '  See  Helianthine* 

I  Tropoeoline  000  '  No.  1.  OH,C10H0.N:N.C6H,.SOsNa 


Continuous  i  Hartley    and   Dobbie, 
1      CJtem.  Hoc.   Tram, 

77  (1900),  846. 

Selective      ,  Hartley,  Phil.   Trans. 
II.  (1885),  471. 

Hartley   and    Dobbie,  ' 
i      Strong  Chem.  Soc.   Trans.  , 

continuous         (1898),  599;    Pauer,  1 
Wwd.     Ann.     tier 
Phys.  61  (1897),  368.  , 
Selective        Hartley  and  Hunting- 
ton,    Phil.    Trans.  • 
(1879).!.  257.  , 

„  Hartley  and  Hunting-  ! 

ton,    Phil     Trans.  \ 
(1879),  L  257;  Pauer, 
Wied.     Ann.     der 
Phys.  61  (1897),  868. 
„  Hartley,    Chem.    Soc. 

Trans.     47     (1885), 
685. 


Continuous  Hartley  and  Hunting-  • 
ton,  Phil  Tram.  I.  I 
(1879),  257. 

„  Hartley,  Dobbie,  and 

Lauder,  Chem.  Soc.  ] 
Trans.  (1901). 


Selective 


One  band 


Tyrosine 


I  No.  2.  OH.Cl3H(j.N:N.CrtH4.S05Na  . 

ft 
C9HnNOj Selective 


Hartley  and  Hunting- 
ton,  Phil  Trttns.  I. 
(1879),  257.  \ 


Hartley,    Chem.    Soc 
Trans.  51  (1887),  158. 


Hartley  and  Hunting- 
ton,  Phil.  Trans. 
I.  (1879),  267;  J.  L. 
Soret,  Archives  den 

j  sciences  physique* 
et  naturellea,  3rd 

,      Series  (1893),  429. 
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Formula 


u 


Substance 


Urea  .       .     CO(NH>)2 


Uric  Acid    . 


V 

Veratrin      .        .     C^H^NO^ .... 

Victoria  Blue      .  '  Meo-N.C,;H4        C,(JH0-NH.P]i 

Cl 


w 


Distilled  Water  .     H,O 


Xanthine  hydro* 
chloride 


p-Xylene 


m-Xjlene    . 
o-Xylene     .       .  ; 


Nature  of 
Absorption   i 


Reference 


CtIHj(CH3), 


Highly 
dioctinic 


Selective 


Two  bands 


On«  band 


Continuous    J.  L.  Soret,  Archives 
des    sciences    phy- 
1      siques  et  naturelles, 
3rd     Series    (1893), 
j      429;  Hartley, for  c.ii. 
Selective      |  J.  L.  Sorot,  lot:  n/.; 
1      Hartley,  Chem.  Soc. 
1      Trans'    51     (1887),  j 
1       15S. 


1  Selective        TT,  .•!'•  ..  mi.  Tram.  - 
II    >-,  ,47  i 


131  (1900),  839. 


Hartley  and  Hunting- 
ton,  Phil.  Trans.  I. 
(1879),  257. 


J.  L.  Horet,  Archives 
des  sciences  phy- 
siques  et  naturelles, 
3rd  Series  (1893), 
429. 

Hartley,    Chem.    Soc. 
Trans.  47  (1885),  685; 
Pauer,   Wied.  Ann. 
der  Phys.  61  (1897),  i 
.'JC3.  i 


The  Methods  for  the  Determination  of  Hydrolytic  Dissociation  of  Salt- 
Solutions.    By  R.  C.  FARMER,  Ph.D.,  M.Sr. 

[Ordered  by  the  Council  to  be  printed  in  extengo.] 

IT  is  a  matter  of  common  experience  that  many  salts,  although  containing- 
equivalent  quantities  of  acid  and  base,  react  acicl  or  alkaline  towards 
indicators  in  aqueous  solution.  If  we  take,  for  instance,  a  salt  such  as 
potassium  cyanide  and  dissolve  it  in  water,  we  find  that,  although  it  con- 
tains the  amount  of  hydrocyanic  acid  theoretically  necessary  to  neutralise 
the  potassium  hydrate,  it  reacts  strongly  alkaline,  thus  .showing  the  pre- 
sence of  free  potassium  hydrate  in  the  solution. 

A  very  superficial  observation  shows  that  the  solution  also  contains 
free  hydrocyanic  acid.  Its  presence  is  indeed  rendered  obvious  by  its 
characteristic  smell.  It  is  therefore  evident  that  the  potassium  cyanide 
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has  undergone  a  decomposition  into   free   potassium  hydrate  and   free 
hydrocyanic  acid 


Similarly  we  find  that  other  salts,  as,  for  instance,  ferric  chloride,  react 
acid  in.  aqueous  solution. 

Even  Rose,1  who  was  probably  the  first  to  notice  these  phenomena, 
recognised  that  this  was  the  result  of  a  secondary  reaction,  which  was 
brought  about  by  the  water.  An  analogy  was  sought  in  the  decomposition 
of  acid  chlorides  and  the  breaking  up  of  organic  complexes  such  as  saccha- 
rose, in  which  the  elements  of  water  are  taken  up,  and  for  this  reason 
the  name  '  hydrolysis  '  was,  rather  unfortunately,  applied  indiscriminately 
to  the  two  phenomena. 

The  nature  of  the  decomposition  formed  the  subject  of  considerable 
discussion,  but  it  was  not  until  Arrhenius  brought  the  theory  of  electro- 
lytic dissociation  to  bear  on  it  that  a  satisfactory  explanation  was  found. 
As  this  theory  is  almost  universally  accepted  at  the  present  time,  it  is  not 
necessary  to  make  more  than  a  passing  reference  to  a  theory  which  at 
one  time  offered  some  opposition  to  that  of  Arrhenius.  This  was  an 
assumption  that  the  saHs  in  question  formed  hydrates  in  aqueous  solution, 
and  that  these  hydrates  possessed  acid  or  basic  properties. 

Thus  Wernor  -  attempted  to  explain  the  acid  reaction  of  copper 
chloride  in  aqueous  solution  on  the  assumption  that  it  formed  a  hydrate  of 

the  formula  ,M  /Cu  /  Tr'2,  ^  which  was  acid  in  character.    In  this  way,  of 

/  v 


course,  it  would  be  possible  to  account  for  the  acid  or  alkaline  reaction  of 
all  hydrolysed  salts.  Potassium  cyanide  would  form  a  hydrate  of  a  basic 
nature  and  so  on. 

It  is  an  unsatisfactory  feature  of  this  theory  that  it  makes  the 
assumption  of  innumerable  hydrates  whose  existence  in  aqueous  solution 
is  still  to  be  proved  ;  but  apart  from  this  it  is  shown  that  the  acid  or  basic 
reaction  is  the  result  of  a  di.ssociation  and  not  of  a  formation  of  hydrates 
by  the  fact,  that  the  acid  and  basic  components  can  bo  easily  separated. 
This  separation  can  be  sometimes  effected  by  mere  warming,  ns  in  the 
case  of  iron  or  aluminium  acetate,  in  many  other  cases  by  dialysis. 

In  the  case  of  diphenylamine  hydrochloride  repeated  washing  suffices 
to  completely  remove  the  hydrochloric  acid,  and  in  the  ease  of  many 
organic  salts,  as,  for  instance,  sodium  phenolate,  one  of  the  components 
can  be  partially  removed  by  extraction  with  ether. 

In  1SDO  Arrhenius3  brought  forward  a  simple  explanation  of  the 
hydrolysis  of  salts  on  the  basis  of  the  theory  of  electrolytic  dissociation. 
All  that,  was  necessary  in  order  to  bring  the  phenomenon  of  hydrolysis 
into  complete  harmony  with  the  ionir  theory  was  to  consider  water  as  an 
electrolyte,  to  suppose  that  it  is  to  a  slight  extent  dissociated  into 
hydrogen  and  hydroxyl  ions.  Later  investigations  have  completely  justified 
this  assumption.  Compared  with  the  weakest  of  acids,  the  ionisation  of 
water  is  almost  infinitesimal,  but  it  has  been  determined  with  a  consider- 
able amount  of  accuracy.  Water  consists,  then,  of  a  solution  of  hydrogen 
and  hydroxyl  ions  of  such  a  strength  that  ten  million  litres  of  water 
contain  approximately  one  gram  equivalent  of  free  ions.  This  means  that 
wator  can  act  at  the  same  time  as  a  weak  acid  and  a  base. 


,  310.  *  Zeit&hr.fUr  anory.  Ch6m.,  9,  108. 
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Thus,  when  an  acid  and  a  base  are  brought  together,  the  neutralisation 
never  takes  place  quite  completely.  There  always  remain  as  many  free 
hydrogen  and  hydroxyl  ions  over  as  are  usually  present  in  pure  water. 
The  quantity  of  ionised  water  is,  of  course,  so  small  as  to  be  practically 
negligible  in  most  cases,  but  its  effect  becomes  very  marked  when  the  acid 
or  base  of  a  dissolved  salt  is  very  weak. 

If  we  take,  for  instance,  a  salt  like  potaSvsium  cyanide,  its  acid,  hydro- 
cyanic acid,  is  very  weak,  and  is  still  further  enormously  weakened  by  the 
presence  of  its  neutral  salt,  or,  to  put  it  in  ionic  language,  by  the  presence 
of  excess  of  cyanogen  ions.  The  water  is  therefore  by  virtue  of  its  slight 
acid  properties  capable  of  setting  free  a  considerable  quantity  of  the  acid 
from  its  salt. 

It  might  appear  at  first  sight  as  if  the  solution  should  still  react 
neutral,  since  the  acid  and  base  are  set  free  in  equivalent  quantities.  Tin* 
theory  of  electrolytic  dissociation  shows  us,  however,  that  this  is  not  tho 
case.  If  we  consider  the  equilibrium  .- 

KCN  +  HOH^KCir  -f-HCJN 

the  potassium  hydrate  exists  practically  completely  in  the  ionised  state, 
whereas  the  hydrocyanic  .acid  is  almost  entirely  unionised.  Thus  we  have 
a  large  excess  of  hydroxyl  ions  in  the  solution,  and  it  is  these  that  give 
rise  to  the  alkaline  reaction.  Expressed  ionically  the  equilibrium  will 
read 

CIST/  +  HOH^I  ION  +  OT  I/. 

This  theory  of  Arrhenius  has  now  met  with  almost  universal  accept- 
ance, and  has  amply  justified  its  adoption  as  a  working  basis  for  all 
quantitative  problems  dealing  with  hydrolysis. 

The  conditions  for  the  dissociation  of  a  salt  into  free  acid  and  base  arc 
therefore — 

1.  That  the  acid  or  base  of  the  salt,  or  both,  be  very  weak. 

2.  That  the  solvent  itself  be  somewhat  ionised. 

Hitherto  the  phenomenon  appears  only  to  have  been  studied  in  aqueous 
solution.  If  the  slight  conductivities  found  for  pure  alcohol  are  really 
due  to  an  ionisation  into  hydrogen-  and  ethoxy-ions,  then  we  should 
expect  salts  such  as  sodium  phenolate  to  be  also  split  up  to  some  extent  in 
alcoholic  solution. 

For  the  qualitative  detection  of  hydrolysis,  indicators  afford  the  most 
reliable  test.  From  the  results  of  Ley,1  litmus  appears  to  he  the  most 
sensitive  of  these. 

Still,  the  method  of  simply  testing  the  solution  with  an  indicator 
might  at  times  give  misleading  results  owing  to  the  presence  of  traces  of 
acid  or  alkali  in  the  salt.  Ley  recommends  a  more  satisfactory  method. 
This  is  to  titrate  the  solution.  If  the  .salt  of  a  weak  base,  for  instance,  is 
really  hydrolysed,  it  will  not  only  react  acid  in  the  pun;  stale,  but  will 
also  continue  to  react  acid  even  on  addition  of  a  considerable  quantity  of 
alkali.  Thus,  whereas  the  least  trace  of  sodium  hydrate  sufficed  to  render 
a  solution  of  magnesium  sulphate  or  barium  chloride  alkaline,  solutions  of 
lead  chloride  and  copper  chloride  continued  to  react  acid  until  almost  the 
whole  of  the  hydrochloric  acid  had  been  removed  by  the  sodium  hydrate. 

As  other  qualitative  methods  any  processes  may  be  used  which  bring 
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about  a  separation  of  the  components.  Thus,  the  hydrocyanic  acid  may 
be  partially  removed  from  a  solution  of  sodium  cyanide  by  a  current  of 
pure  air,  the  phenol  may  be  partially  extracted  from  a  solution  of  sodium 
phenolate  by  ether,  and  so  on. 

Quantitative  Methods. — When  we  attack  the  problem  of  ascertaining 
quantitatively  to  whut  extent  this  hydrolytic  dissociation  of  salts  occurs^ 
it  is  at  once  evident  that  the  hydrolysis  cannot  be  determined  by  any 
direct  measurement  of  the  free  acid  or  alkali  in  the  system.  If  we  attempt 
to  titrate  tho  solution  of  a  salt  like  potassium  cyanide,  the  equilibrium 
is  at  once)  disturbed,  and  as  wo  neutralise  thci  free,  potassium  hydrate  in 
the  system  by  the  addition  of  acid,  morn  potassium  hydrate,  is  supplied 
from  tho  potassium  cyanide  to  take  its  place.  As  we  have  seen,  the. 
neutral  point  is  in  many  cases  only  reached  when  enough  acid  has  been 
added  to  completely  split  up  tho  salt.  We  must  therefore  resort  to  some 
indirect  means  of  estimating  the  free  acid  or  alkali  in  the  system  without 
disturbing  the,  equilibrium. 

We  will  pass  over  such  methods  as  the  determination  of  the  heat  of 
neutralisation,  as  these  have  led  to  very  incorrect  ideas  as  to  the  extent  of 
the,  hydrolysis.  For  instance,  determinations  of  the  heat  of  neutralisa- 
tion of  hydrocyanic  acid  led  to  the  belief  that  a  solution  of  sodium 
cyanide*  was  split  up  to  the  extent  of  80  per  rent,  into  free  hydrocyanic 
acid  and  sodium  hydrate,  whereas  in  reality  its  hydrolysis  only  amounts 
to  about.  I  per  cent,  in  11,,  normal  solution. 

In  fact,  the  hydrolysis  proves  in  most  cases  to  be  much  smaller  than 
was  formerly  imagined.  Kven  salts  like  sodium  phenolate,  which  react 
strongly  nlkaline,  are  only  hydrolysed  to  the  extent  of  '2  or  3  per  cent,  in 
about  ,'„  normal  solution. 

The  quantitative  methods  which  have,  hitherto  been  u?-od  are  mostly 
based  on  the  measurement  of  the  \elocity  of  reactions,  brought  about  by 
the  free  alkali  or  acid  in  the  solution.  Of  these  reactions  the  chief  have 
been  the  saponiiication  of  esters  and  the  inversion  of  cane  sugar. 

tin  )Hnt.iJirat  ion  of  JExfrrtt.- -  If  we  take  an  ester  such  as  ethyl  acetate 
and  dissolve  it  in  pure  water,  it  will  remain  for  weeks  practically 
unaffected.  If,  however,  we  add  acid  or  alkali,  saponiiication  sets  in,  and 
proceeds  with  a  velocity  depending  on  the  amount  of  acid  or  alkali  added. 
The  velocity  can  be  measured  by  means  of  titrations. 

If  wo  treat,  this  ester  with  a  hydrolysed  salt,  sapomfication  will  like- 
wise take  place  by  virtue  of  the  free,  acid  or  alkali  which  the  solution 
contains.  We  mu^t  distinguish  between  the  case  in  which  the  ^aponificatioii 
is  brought  about  by  free  acid  and  that  in  which  it  is  brought  about  by 
alkali.  The  action  of  acids  in  saponifying  esters  is  purely  catalytic  ;  the 
amount  of  acid  remains  unchanged  throughout  the  react  ion  ;  this  is,  there- 
fore, the  simplest  case,  and  wo  will  consider  it  tirst. 

For  the  measurement  of  the  velocity,  known  quantities  of  ester  and 
acid  are  brought  together  in  aqueous  solution  ami  kept  at  constant 
temperature.  At  measured  intervals  of  time  a  part  of  the  solution  is 
removed  by  moans  of  a  pipette  and  quickly  titrated.  This  tells  us  how 
much  uf  the  ester  has  been  converted  to  acetic  acid  and  alcohol  in  a  given 
time.  From  the  results  of  theso  titrations  the  whole  course  of  the  reaction 
can  be  followed. 

By  the  law  of  mass  act.ion,  the  velocity  of  thn  reaction  at  any  moment 
is  proportional  to  the  product  of  the  concentrations  of  the  reacting  sub- 
stances (the  es'fer  and  acid).  The  velocity  diminished,  therefore,  as  the 
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ester  is  used  up.     If  Cl  and  C2  be  the  two  concentrations,  and  t  be  the 
time, 

Velocity  =  —    ,l  rrKC^C.,,  where  K  is  a  constant. 

If  we  always  take  the  same  amount  of  ester,  the  velocity  of  the 
reaction  is  proportional  to  the  amount  of  acid  added.  The  general 
method  is  therefore  to  determine  by  a  preliminary  experiment  the  velocity 
C'f  saponification  brought  about  by  a  known  amount  of  pure  acid,  and 
afterwards  to  determine  its  velocity  as  brought  about  by  the  acid  in  the 
hydrolysed  salt.  If  we  have  found  the  velocity  of  saponification  brought 
about  by  a  known  quantity  of  acid,  then  \ve  can  conversely  calculate 
from  the  velocity  of  sapoiiitication  which  the  hydrolysed  salt  brings 
about,  how  much  free  acid  it  contains,  that  is,  the  extent  of  its  hydrolysis, 
remembering  always  that  the  velocity  of  the  reaction  is  proportional  to 
the  amount  of  free  acid  present. 

It  should  be  mentioned  that  this  proportionality  does  not  hold  quite 
strictly  in  the  catalysis  of  esters  by  means  of  acids.  There  are  deviations 
from  it  which  are  not  fully  understood.  It  differs  in  strong  and  weak 
solutions  of  acids,  apart  from  the  difference  which  one  would  expect  from 
incomplete  ionisation.  The  presence  of  neutral  salts  also  has  a  consider- 
able influence  on  the  velocity.  Consequently  the  results  obtained  by  this 
method  are  not  to  be  taken  as  very  accurate. 

Since  the  velocity  varies  throughout  the  whole  course  of  the  reaction, 
we  cannot  take  a  direct  measurement  of  the  initial  velocity  of  saponi- 
fication,  as  the  velocity  changes  so  quickly  that  no  trustworthy  results 
could  be  obtained  in  this  way.  The  calculation  is  carried  out  by  means  of 
the  well  known  equation 


which  holds  for  monomolecular  reactions. 

A  is  the  initial  concentration  of  the  ester,  x  is  the  amount  saponified 
in  time  f,  and  K  is  a  constant.  The  titrations  taken  during  the  whole 
course  of  the  reaction  are  used  to  determine  K.  By  comparing  the 
constant  K  obtained  for  the  hydrolysed  chloride  of  a  weak  base  with  that 
obtained  for  pure  hydrochloric  acid,  the  amount  of  free  hydrochloric  acid 
in  the  solution  of  the  salt  can  be  easily  calculated,  and  hence  the  degree  of 
hydrolysis. 

The  first  experiments  in  this  direction  were  carried  out  by  Walker  in 
1SS9.1  He  determined  the  velocities  of  sapomficatinn  of  methyl  acetate  by 
the  hydrochlorides  of  very  weak  bases,  such  as  thiazol,  and  thus  deter- 
mined the  degrees  of  hydrolysis. 

A  similar  method  was  worked  out  for  the  salts  of  \ery  weak  acids  by 
Shields,  in  1893.'2  He  determined  tho  hydrolysis  of  the  alkali  salts  of 
phenol,  carbonic  acid,  boric  acid,  &c.  In  this  case  it  is  not  free  acid  that 
we  have  to  determine,  but  free  alkali,  and  the  matter  is  complicated  by 
tho  fact  that  the  free  alkali  is  removed  from  the  system  as  the  reaction 
proceeds,  so  that  tho  equilibrium  of  the  hydrolysis,  as,  for  instance, 
KCN  +  HOH  ~£  KOH  +  HCN,  is  continually  changing.  l\,  would  load 
us  too  far  to  go  into  the  details  of  how  this  is  taken  into  account.  It  is 
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sufficient  to  say  that  a  formula  can  be  deduced  for  the  reaction,  and  that 
Shields  found  it  confirmed  by  experiment. 

In  spite  of  tho  complicated  nature  of  tho  reaction,  very  good  results 
can  be  obtained  by  this  method.  The  saponification  proceeds  very  much 
more  quickly  under  tho  influence  of  hydroxyl  ions  than  of  hydrogen  ions, 
and  so  the  measurement  of  even  very  small  decrees  of  hydrolysis  can  be 
carried  out  at  the  ordinary  temperature,  which  is  rfot  the  case  in  the 
method  mentioned  previously.  Shields  was  able,  to  measure  even  such  a 
small  degree  of  hydrolysis  as  that  of  sodium  acetate— rather  less  than 
0*01  per  cent,  in  ^  normal  solution.  This  is  a  degree  of  precision  which 
greatly  surpasses  that  of  any  determinations  of  free  acid  by  the  catalysis 
of  esters  or  of  cane  sugar. 

Shields  showed  that  the  velocity  of  saponification  was  not  disturbed 
by  the  presence  of  oster  and  alcohol.  He  further  showed  by  this  method 
that  trisodium  phosphate,  Na,POlt  is  quantitatively  split  up  in  aqueous 
solution  into  NaaHPOi  and  NaOH. 

According  to  Ley,1  the  sapoiiiii cation  of  esters  sometimes  takes  place 
oven  under  the  influence  of  neutral  salts,  such  at  KC1  at  100°.  It  is 
doubtful  whether  this  points  to  a  slight  hydrolysis  of  the  salts  at  this 
temperature,  which  soar  is  very  improbable,  or  whether  in  certain  cases 
other  ions  besides  hydrogen  and  hydroxyl  can  act  as  catalysers  in 
saponifying  esters.  In  any  case  the  velocity  of  the  reaction  is  very  small 
as  compared  with  that  brought  about  by  salts  which  are  known  to  be 
hydrolysed. 

The,  following  tables  give  the  percentage  of  hydrolysis  of  a  number  of 
salts  of  weak  acids  and  bases  as  determined  by  this  method  by  Walker 
and  others.  For  the  sake  of  comparison  the  values  have  all  been  recal- 
culated, so  that  the  figures  give  the  hydrolysis  in  ,'„  normal  solution. 

I. — ]ly<lro1y*is  of  the  hydrochloridcs  of  weak  bases  rex  measured  by  the 
catalysis  of  cuffftt. 

Tnnpcrature  =  25°. 

Port-out  Hge  hydro-  PoroeiitiiRo  hydro- 
lysis of  Hydrochloric  j        v       t    t ,  %               ly*is  of  Ihtlrcu  blonde 

i^  I        «>miio  01  i/iiM^t  •v 

:..  •»*  ....I, ,4.;...,  :n  *•    solution. 


Xumo  of  base, 

Thinzol 
Glvcocnll 
Aspuraginc   . 
Thiohj'daniom 
Ahparagimc  Acid 


in  ""  solution. 
10 

17 


25 

BO 
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Acetoximc  . 
Urea 

Acotamido  . 
Propionitrilc 
Thiourca 


:*<> 
no 


IF.  —  /fytlro?t/#i)t  of  tht>,  alkali  nalttt  of  riv.»cz& 

of  wto 


a*  inraMtrwf  by  the 


X.nni'  of  Acid. 

Hyihocynnic  acid 
Acct  ic  acid    . 
Carbonic  acid 
Phenol 
jy-Chloiphenol 


orrrntaKo  Hyiln>- 
1>  sirt  of  salts  in 

N  solution. 

1*12 
0  008 


1-62 


Name  of  Acid. 

0-Ohlorphcnol 
2:4.  Dichlorphonol 
2:4:6  Trioblorphenol 
/i-Cyanphenol 


vccntajjo  Hydro- 
lysis of  salts  in 

"     V 

*    solution. 

1-18 
0-2J) 
0'2l 
0-2!» 
0-10 
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Inversion  of  Cane  Siigar. — It  is  well  known  that  the  inversion  of  cane' 
sugar  is  brought  about  by  the  addition  of  acid  to  its  aqueous  solution,  and 
that  the  reaction  can  be  followed  by  means  of  the  polarimeter.  The 
velocity  of  the  inversion  is  proportional  to  the  amount  of  acid  added,  and 
it  is  evident  that  this  is  a  method  which  can  be  applied  to  the  estimation 
of  the  acid  which  is  hydrolytically  set  free  from  the  salts  of  weak  bases. 

The  first  application  of  this  method  appears  to  have  been  made  by 
Bruner  in  1893.  He  measured  the  hydrolysis  of  a  number  of  inorganic 
chlorides,  nitrates,  and  sulphates  at  40°.  His  work  was,  however,  very 
much  overlooked,  through  having  been  only  published  in  a  Polish  journal. 
In  1900  he  republished  it  in  the  <  Zeitschrift  fur  phys.  Chem,'  (32,*  133). 

Meanwhile  Walker  and  Aston  ]  had  determined  the  hydrolysis  of  a 
number  of  hydrochlorides  of  weak  organic  bases,  and  a  few  inorganic 
nitrates  by  the  same  method  at  60°.  Ley  extended  this  work  on 
inorganic  salts  at  1000.'2  It  is  impossible  to  directly  compare  these 
results  with  one  another,  as  they  were  all  obtained  at  different  tem- 
peratures. The  temperature  has  been  shown  to  have  a  very  great  in- 
fluence on  the  hydrolysis,  as  the  dissociation  constant  of  pure  water  rises 
abnormally  rapidly  with  rise  of  temperature. 

The  inversion  is  a  monomolecular  reaction,  and  the  calculations  are 
very  similar  to  those  of  the  catalysis  of  esters.  Ley  points  out  that,  this 
method  is  somewhat  limited  in  its  applicability.  Some  salts  which  react 
acid  to  litmus  act  as  neutral  towards  cane  sugar,  and  conversely  some 
neutral  salts  bring  about  inversion  of  the  sugar.  Even  potassium 
chloride  brought  about  inversion  of  the  sugar  at  100°,  but  gave  very 
irregular  results.  A  disadvantage  of  working  at  such  a  high  temperature 
is  that  the  results  may  be  vitiated  by  impurities  dissolved  from  the  glass, 
and  it  is  probable  that  something  of  this  sort  occurred  in  the  determina- 
tions on  potassium  chloride,  Arc.,  for  Ley  found  similar  irregularities  on 
making  experiments  with  extremely  dilute  solutions  of  hydrochloric  acid. 
The  inversion  seems  also  to  be  considerably  influenced  by  dissolved  salts. 
Ley  considered  the  limit  of  accuracy  to  be  about  0'5  per  cent,  in  ,J0 
normal  solution. 

The  following  tables  contain  a  number  of  results  obtained  by  the 
abovementioned  observers  for  the  hydrolysis  of  organic  and  inor<riiiiic 
chlorides  : — 


III.—  Jfyili't.ly^i-  of  the  hydrochloridex  of  organic  baxes  tin  determined 
by  thv  invention  of  cane  ftityar. 

Temperature  =  60°. 

Percentage  Hydro-        I  IVronntiigu  Hydro- 

»T  .1  lysis  of  Hy drool iloride  XT  t        fl  IvsiH  of  Hvdroohlondo 

Name  of  ba&c.  J         -^  J  Namo  of  base. 


n       solution, 
10 

Pyridine     .  1-2 


Monomethylanilinc 
Quinolinc    . 
^-Toluidine 
Aniline 
0-Toluidine 


1-2 
1-2 
1-7 


3-2 


Glycocoll     . 

Asparagine 

Acetarnide   . 

Urea 

Thiourea 

Propionitrile 


N 

it  —  solution. 
10 

18 
21 
78 
81 
1)2 
92 


r.  £&,  67,  57G  (1895). 

'     .  Cliem.,  30,  216  (1899). 
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IV. — Hydrolysis  of  inorganic  chlorides  (inversion  method). 


Metal, 

Zinc      . 
Lead     . 
Beryllium 
Aluminium 

j» 

Cerium 
Lanthanum 
Iron  (1<V") 
Uranyl  (UO,") 


Temperature, 
100°       . 


77° 
100° 

40° 


Hydrolysis  of  Chloride 
in  ~   solution. 

O'l 
0-2 
1-8 
<>•! 
2-7 
0-3 
0-1 
10 
3 


The  chlorides  of  the  alkali  metals  and  of  the  alkaline  earths,  as  also 
those  of  yttrium,  scandium,  manganese,  cobalt,  arid  erbium,  showed  no 
appreciable  hydrolysis. 

A  method  somewhat  similar  to  the  inversion  method  was  recently 
suggested  by  Wood.1  He  allowed  diastase  to  act  on  starch  in  presence 
of  a  hydrolysed  salt.  Acids  or  alkalies  retard  the  action  of  the  diastase, 
and  the  retardation  was  taken  as  a  basis  of  measurement  of  the  amount 
of  acid  or  alkali  present.  The  action  is  very  much  affected  by  changes  of 
temperature.  So  far  only  rough  approximations  have  been  obtained  in 
this  way. 

Electric,  Cowluctivify.—'IhG  electric  conductivity  has  for  a  long  time 
been  looked  on  us  a  useful  method  for  the  determination  of  hydrolytic 
dissociation.  Its  capabilities  in  this  direction  have,  in  my  opinion,  been 
considerably  overestimated.  The  method  used  for  the  determination  is  as 
follows  :-  -It  is  well  known  that  almost  all  salts  are  fairly  completely 
ionised  when  dissolved  in  water  at  a  moderate  dilution.  Their  electric 
conductivities,  which  form  a  measure  of  their  ionisations,  do  not  differ 
from  one  another  by  a  great  deal  in  solutions  of  equivalent  concentration. 

Tho  free  acids  and  bases,  on  the  other  hand,  have  all  possible  conduc- 
tivities, ranging  from  almost  nothing  in  the  case  of  the  very  weak  acids 
and  bases  to  values  \  cry  much  greater  than  those  of  the  salts  in  the  case 
of  the  strong  acids. 

If,  then,  wo  take  the  solution  of  a  salt  such  as  aniline  hydrochloride, 
which  is  considerably  split  up  into  free  aniline  and  hydrochloric  acid  in 
aqueous  solution,  the  observed  conductivity  will  be  partly  duo  to  the  salt 
C,,H:,NTf allCl,  and  partly  to  the  free  HOI  which  is  split  off  by  hydro- 
lysis. The  free  aniline  which  is  present  in  the  system  will  not  contribute 
appreciably  towards  the  conductivity. 

Since  the  conductivity  of  hydrochloric  acid  is  very  much  greater  than 
that  of  aniline  hydrochloride,  we  shall  be  able  to  draw  some  conclusion 
from  the  conductivity  as  to  the  amount  of  free  hydrochloric  acid  which  is 
present  in  the  system.  If  ^  be  the  molecular  conductivity  which  aniline 
hydrochloride  would  have  if  it  were  not  hydrolysed,  /*HC1  be  that  of  hydro- 
chloric acid,  and  x  the  fraction  of  the  salt  which  is  hydrolysed,  the 
observed  molecular  conductivity  (M)  will  bo 

M=(l— a;)/*!,  due  to  unsplit  salt, 
+     cc/«HCi,   due  to  free  HC1. 


1  Amer.  Cham.  Jottrn,,  16,  313. 


248  KEPOKT— 1901, 

From  this  we  get 

a>=-M-^ 
/'HCI— /M 

From  this  the  degree  of  hydrolysis  can  be  calculated. 

The  conductivity  of  tfye  hydvolysed  salt  M  can  be  directjy  measured 
with  a  certain  amount  of  accuracy.  The  experimental  error  will  amount 
to  perhaps  0*5  per  cent,  under  favourable  circumstances,  rising  to  1  per 
cent,  or  more  at  the  highest  dilations  (about  1  i}\rff  normal). 

Similarly  /*HC1  can  be  ascertained  by  direct  measurement. 

The  problem  is,,  therefore,  tq  ascertain  what  the  molecular  conductivity 
would  be  if  the  salt  were  not  hydrolysed,*  that  is,  /*,.  There  are  several 
ways  of  arriving  at  this,  but  -none  permitting  of  any  great  accuracy. 
Walker  was  the  first  to  attempt  to  measure  hydroly  tic  dissociation  in  this 
way.1  He  determined  the  electric  conductivities  of  the  chlorides  and 
sulphates  of  a  number  of  very  weak  organic  bases,  including  salts  which 
were  hydrolysed  to  the  extent  of  nearly  100  per  cent. 

He  arrived  at  the  approximate  conductivity  which  the  salts  would 
have  in  the  unhydrolysed  state  by  analogy  with  similar  salts  which  were 
known  not  to  be  much  hydrolysed,  and  assumed  that  the  molecular 
conductivities  would  be  equal  at  the  same  dilution.  As  the  degrees  of 
hydrolysis  were  in  all  cases  very  large,  this  served  his  purpose  tolerably 
well.  For  instance,  for  thiazolhydrochloride  in  J(J  normal  solution  he 
found  M=  189*8.  He  assumed  the  real  value  p{  to  be  90.  /<ncl  was  known 
to  be  375. 

189-8-90      A  ^ 
Hence  *=-375_90--^0^ 

i.e.,  the  salt  is  hydrolysed  to  the  extent  of  '55  per  cent.  From  the 
catalysis  of  methylacetate  ho  found  34*6  per  cent.  The  values  that  he 
found  in  this  way  corresponded  pretty  closely  with  those  obtained  by 
catalytic  methods. 

This  method  of  analogy  gives,  however,  only  a  very  rough  approxi- 
mation of  the  conductivity  of  the  unsplit  salt.  It  was  probably  several 
units  out  in  most  cases,  and  for  this  reason  the  method  is  not  adapted  to 
the  determination  of  small  degrees  of  hydrolysis  Errors  of  several  per 
cent,  are  unavoidable.  In  the  case  of  the  less  hydrolysed  salts  no  results 
could  be  obtained  at  all.  Indeed,  in  the  case  of  aniline  hydrochloride  he 
found  the  conductivity  to  be  considerably  xmulfar  than  that  calculated 
from  the  velocities  of  migration  of  the  ions  which  it  contains.  It  is  there- 
fore evident  that  some  more  satisfactory  method  is  necessary  for  the 
determination  of  the  true  conductivity  (//,)  of  the  salt  in  absence  of 
hydrolysis,  if  small  ror-T-n^n','!"^  of  hydrolysis  are  to  be  measured. 

Bredig2  extended  N.I.'MTS  work  in  this  direction.  He  determined 
the  true  conductivities  of  such  salts  as  aniline  hydrochloride  by  a  very 
simple  device.  He  added  aniline  to  the  solution,  and  in  this  way  drove 
back  the  hydrolysis  to  such  an  extent  that  he  could  arrive  at  the  true 
conductivity  of  the  salt.  In  this  way  he  deter  mined  the  hydrolysis  of 
aniline  hydrochloride  and  a  number  of  its  derivatives. 

The  converse  method  of  reducing  the  hydrolysis  to  a  minimum  by 

1  Zeitschr.f:-  •'    -•  dim.,  4,  333(1889). 

2  Ibid.  IS,.,!1!'  ,."•!.. 
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excess  of  acid  has  deen  tried,  but,  so  far,  without  much  success.     The 
method  is  probably  capable  of  much  bettor  development. 

The  commonest  method  for  the  determination  of  this  \aluo  ^,  is  a 
somewhat  indirect  one.  It  is  a  well-known  fact  that  almost  all  salts 
are  fairly  completely  ionised  in  aqueous  solution.  Thus  the  molecular 
conductivity  is  not  very  far  removed  from  its  limiting  value,  oven  at 
moderately  high  concentrations,  and  hence  does  not  rise*  very  much  when 
we  increase  the  dilution.  It  has  been  found  empirically  that  the  amount 
by  which  the  molecular  conductivity  of  binary  electrolytes  increases 
between  any  two  pi  veil  dilutions  is  nearly  constant.  The  conductivity  is 
generally  measured  at  dilutions  ranging  from  32  litres  to  1024  litres.  It 
has  been  found  that  in  the  case  of  binary  electrolytes  which  are  not 
hydrolysed  the  molecular  conductivity  at  these.  two  dilutions  differs  by 
approximately  10  units  at  -25°. 


Thus  the  sodium  salts  of  the  fatty  acids,  being  scarcely  at  all 
hydrolysed,  give  differences  which  all  approximate  to  10  units.  The 
sodium  salts  of  dibasic  acids  give  a  difference  of  about  20  units  and  so  on. 
In  general,  the  difference,  A,  is  given  by 


where  n{  and.  n?  am  the  valencies  of  the  two  ions.  With  hydrolysed 
salts  we  get  a  \ery  different  state  of  affairs.  Here  we  find  the  differences 
to  be  abnormally  large,  for  the  following  reason.  At  the  highest  con- 
centrations the  hydrolysis  will  not  come  into  play  very  much,  and  the 
values  found  will  approximate  more  or  less  to  the  true  values.  As  we 
increase  the  dilution,  however,  the  hydrolysis  increases  more  and  more, 
and  at  the  highest  dilution  a  considerable  part  of  the  conductivity  found 
will  be  due  to  free  acid  or  base,  and  this  will,  therefore,  as  we  have  seen, 
be  greater  than  the  true  conductivity  of  the  salt.  Hence  the  difference  A 
will  be  greater  than  10  units. 

If,  therefore,  we  find  that  the  difference  A  is  abnormally  great,  the 
excess  may  be  attributed  to  hydrolysis,  and  the  extent  of  the  hydrolysis 
may  be  calculated  by  making  use  of  the  equation  mentioned  above  : 


The  method  cannot  be  said  to  be  very  satisfactory  unless  the  extent  of 
the  hydrolysis  is  very  large.  First,  the  measurement  of  the  electric 
conductivity  at  a  dilution  of  1021  litres  does  not  permit  of  an  accuracy 
of  within  about  1  per  cent.  ;  and  secondly,  this  value  A  is  by  no  means  so 
constant  even  for  salts  which  are  not  hydrolysed  as  might  be  desired.  It 
frequently  shows  deviations  of  2  or  3  units,  and  so  a  hydrolysis  of  even 
1  per  cent,  or  so  might  pass  unnoticed.  We  saw  that  the  hydrolysis  of 
sodium  acetate  could  be  fairly  accurately  measured  by  the  velocity  of 
saponitication  of  ethyl  acetate.  In  ^  normal  solution  it  amounts  to  0*008 
per  cent.  If  we  calculate  what  difference  this  would  make  to  the  conduc- 
tivity, we  find  that  the  abnormality  of  the  A  value  should  be  about  0*15 
unit.  It  will  be  at  once  seen  that  anything  approaching  this  accuracy  is 
out  of  the  question  by  the  electric  method.  Indeed,  if  we  compare  the 
values  actually  found  for  sodium  acetate  bv  two  such  eminent 
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investigators   as    Ostwald   and    Bredig,    we    find    that    Ostwald    gives 
/*io24  —  At32=10<1»  whereas  Bredig  gives  ju  {  02  1—^32=  12'9. 

When  the  hydrolysis  is  greater,  however,  an  approximate  idea  of  it 
can  be  gained  in  this  way  from  the  conductivity. 

V.  —  Hydrolysis  of  the  hydrochlorides  of  organic  bases  as  determined  from 
their  electric  conductivity. 


Hydrolysis  of  Hydrochloride 
Name  of  base,  iu  N 

Aniline     ...........       1*5 

0-Toluidine       .        .         .        .         .         .         •         •        •         .1*8 

w-Toluidine     ..........      1*3 


Betum      ...........     312-5 

VI.  —  Hydrolysis  of  inorganic  salts  (conductivity  method). 

Temperature^^!*0. 

Hydrolysis 

yaltg  iu  w  holution. 

A1C1,        ...........  <>•> 

BeSO,      ...........  05 

PbClo       ...........  04 

UO./NO,),        ..........  0-li 

iigCCio,),,      ..........     (i-o 

Much  more  might  be  added  on  the  subject  of  electric  conductivity  as 
applied  to  the  determination  of  hydrolysis.  Salts  in  which  both  the  acid 
and  base  are  weak  present  quite  a  different  aspect,  but  a  discussion  as  to 
their  behaviour  would  lead  us  too  far. 

To  return  to  the  other  methods  of  estimation,  a  recent  method  should 
be  mentioned  which  differs  from  those  depending  on  catalysis.  We 
have  seen  that  when  a  salt  such  as  aniline  hydrochloride  undergoes 
hydrolysis  two  products  result,  the  hydrochloric  acid,  strongly  ionised  and 
active,  and  the  aniline,  practically  unionised  and  inactive.  All  the  methods 
that  have  been  mentioned  so  far  have  depended  on  the  measurement  of 
the  strongly  ionised  component,  either  by  its  conductivity  or  by  some 
catalytic  action  which  it  brings  about.  * 

Under  some  conditions  these  dctermiiritions  become  difficult  to 
carry  out  owing  to  the  decomposition  or  precipitation  of  one  of  the 
reaction  products  or  from  other  causes.  In  these  cases  it  is  better  to 
measure  the  indifferent  component.  The  method  that  suggests  itself  most 
readily  is  that  of  extraction  with  some  solvent  which  is  insoluble  in 
water.  The  laws  of  distribution  of  a  substance  between  two  solvents  are 
well  known,  and  by  making  use  of  these  the  hydrolysis  can  be  easily 
calculated  from  the  amount  of  substance  which  is  extracted.  The 
method  was  tested  recently  by  Farmer  *  in  the  following  way.  The  salt  is 
dissolved  in  a  known  quantity  of  water  and  a  known  quantity  of  benzene 
added.  The  whole  is  brought  to  constant  temperature  arid  shaken.  The 
amount  of  substance  extracted  by  the  benzene  is  then  estimated,  preferably 

1  J.C.S.,  79,  863(1901). 
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volumetrically,  and  from  this  the  hydrolysis  can  be  easily  calculated  if 
the  distribution  coefficient  for  the  substance  in  question  has  been 
previously  determined. 

The  values  found  at  different  dilutions  agreed  very  closely  with  those 
required  by  Arrhenius*  c  dilution  formula.'  So  far  the  method  has  not 
been  applied  much,  but  it  seems  to  offer  advantages  over  previous  methods 
in  several  respects.  Particularly  for  solutions  which  decompose  on  stand- 
ing, it  seems  almost  the  only  available  method.  It  remains  to  be  seen 
whether  this  method  is  capable  of  the  same  sensitiveness  as  that  of  Shields. 
If  so,  it  would  have  the  advantage  of  greater  simplicity  and  rapidity. 

The  foregoing  are,  then,  the  chief  methods  which  have  been  used  up  to 
the  present  for  the  determination  of  hydrolysis. 

It  will  be  evident  from  the  abovementioned  theory  of  hydrolytic 
dissociation  that  the  extent  of  the  hydrolysis  depends  on  the  strength  of 
the  weak  acid  or  base  present  in  the  salts.  The  relation  between  the 
strength  of  the  acid  or  base  and  the  hydrolysis  of  its  salts  can  be 
expressed  by  a  simple  mathematical  formula. 

The  dissociation  constant  is,  of  course,  determined  by  the  electric 
conductivity.  It  is  only  recently,  however,  that  the  electric  conductivity 
of  such  weak  acids  has  been  determined  with  sufficient  accuracy  to  confirm 
the  validity  of  this  formula  This  was  the  work  of  Walker  and  Conuack.1 
The  hydrolysis  of  the  alkali  salts  calculated  from  the  dissociation  constants 
which  they  found  for  phenol  and  other  weak  acids  agreed  very  closely 
with  that  experimentally  found  by  the  saponification  method.  This  forms 
perhaps  the  most  (umiiicin^  proof  of  the  soundness  of  Arrhenius*  views 
as  opposed  to  such  theories  as  the  one  mentioned  earlier,  in  which  the 
acidity  was  attributed  to  the  formation  of  hydrates. 

In  this  way,  therefore,  it  would  be  possible  to  calculate  the  strengths 
of  acids  and  bases  whose  electric  conductivity  is  immeasurably  small  by 
determining  the  hydrolysis  of  their  salts. 

This,  of  course,  rests  on  the  assumption  that  no  intramolecular 
rearrangement  takes  place  when  salts  are  formed,  whieh  is  not  always  the 
case.  In  the  ease  of  various  dye  stuffs,  for  instance,  where  the  salt  forma- 
tion is  accompanied  by  a  change  of  constitution,  we  should  find  that  the 
relation  between  the  strength  of  the  acid  and  the  hydrolysis  of  its  salts 
did  not  hold.  If  the  measurements  arc  experimentally  possible,  such 
intramolecular  rearrangements  may  be  detected  in  this  way.  This  is  a 
method  which  has  been  applied  by  Ilantzsch  to  prove  differences  of  consti- 
tution between  certain  acids  and  the  salts  that  they  form. 

In  several  cases  he  found  that  although  the  acids  were  very  weak 
indeed,  and  should  therefore  give  strongly  hydrolysed  sodium  salts,  yet 
the  sodium  salts  showed  only  a  slight  hydrolysis.  In  the  case  of 
dinitroethane,  for  instance,  he  found  that  both  the  free  dinitroethane  and  its 
sodium  salt  reacted  neutral,  and  from  this  lie  concluded  that  the  salt  forma- 
tion was  accompanied  by  a  change  of  constitution  from  CI1  ,.CH(NO.2),>  to 

/NO,  ,NO, 

CH, .  CK  forming  the  salt  CH, .  C< 

^NOOH  ^NOONa 

Fields  of  research  like  this  offer  inducements  for  the  more  accurate 
determination  of  hydrolysis  on  tho  one  hand  and  of  the  affinity  constants 
of  very  weak  acids  on  the  other. 

1,  5  (1900). 
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It  has  been  long  recognised  that  the  study  of.  hydrolysis  affords  the 
best  means  of  estimating  the  strengths  of  very  weak  acids  and  bases. 
Hince  the  affinity  constant  of  pure  water  is  now  known  with  considerable 
certainty,  exact  measurements  can  be  made  in  this  way,  even  when  the 
free  acids  or  bases  are  difficultly  soluble  in  water.  It  would,  for  instance, 
be  possible  to  make  exact  determinations  of  the  effect  of  substituents  on 
the  strength  of  phenol  and  aniline.  The  influence  of  constitution  on  the 
affinity  constants  of  these  very  weak  electrolytes  would  form  an  interesting 
field  for  research. 


The  Relative  Proyrens  of  ike  Coal-tar  Imliisinj  in  Ihu/land  and  Ger- 
many (htri)Kj  the  2)(t^  Fifteen  Years.  l!>j  AirniUR  C.  GREEN, 
I'M.C.,  F.G.S. 

[Ordered  by  the  Council  to  be  printed  in  extcnto."] 

THE  coal-tar  colour  manufacture  has  well  been  called  the  flower  of 
the  chemical  industries.  Although  in  absolute  money  value  of  its  pro- 
ducts not  equalling  some  other  branches  of  industrial  chemistry,  it  repre- 
sents the  highest  development  of  applied  chemical  research  -and  chemical 
engineering,  and  may  well  be  taken  as  the  pulse  of  the  whole  chemical 
trade.  .Indeed  a  country  which  allows  the  most  scientific  branch  of 
chemical  industry  to  languish  cannot  expect  to  maintain  pre-eminence 
for  long  in  any  simpler  branch  of  chemical  manufacture  ;  since  the  skill 
trained  for  attacking  the  difficult  problems  of  organic  chemistry  is  certain 
sooner  or  later  to  be  brought  to  bear  on  the  simpler  questions  presented 
in  the  manufacture  of  so-called  *  heavy'  chemicals  (acids,  alkalies,  bleach, 
salts,  &c.),  and  processes  hitherto  often  left  to  the  supervision  of  foremen 
will  be  taken  in  harid  by  educated  chemists,  with  consequent  improvement 
in  methods  of  manufacture,  better  yields,  purer  products,  and  cheaper 
production,  The  importance  of  the  coal-tar  industry  cannot  therefore 
be  estimated  alone  by  the  value  of  its  products,  for  it  exerts  a  wide- 
spread effect  upon  all  other  branches  of  chemical  manufacture,  from 
many  of  which  it  draws  its  supplies  of  raw  material.  As  a  pregnant 
example  of  this  influence,  especially  noticeable  during  the  last  decade, 
I  may  mention  the  revolution  which  is  taking  place  in  the  manufacture 
of  sulphuric  acid,  that  most  important  product  of  the  *  heavy  J  chemical 
trade.  A  strong  demand  had  arisen  in  the  colour  industry  for  a  large 
and  cheap  supply  of  sulphuric  anhydride,  chiefly  in  connection  with  the 
manufacture  of  alizarine  colours  and  of  artificial  indigo.  With  the  object 
of  .-.lii-fx  \ii%  their  osvii  requirements  in  this  respect,  the  l>adische  Aniline 
and  Soda  Works  of  Ludvvigshafen  devoted  much  time  and  research  to  the 
problem  of  improving  the  catalytic  process  usually  known  by  the  name 
of  Winckler,  a  modification  of  which  process  had  been  worked  in  this 
country  by  Squire  Chapman  and  Messel  since  1876.  This  endeavour  was 
attended  with  such  success  that  by  means  of  the  process  and  plant  which 
they  finally  evolved  they  were  enabled  to  produce  sulphuric  anhydride 
so  cheaply  that  not  only  could  it  be  used  as  such  for  a  largo  variety  of 
purposes,  but  by  combination  with  water  afforded  a  profitable  source  of 
sulphuric  acid.  This  new  method  of  manufacturing  sulphuric  acid  is,  for 
concentrated  acid  at  least,  cheaper  than  the  chamber  process  ;  and  since 
the  product  is  absolutely  free  from  arsenic,  and  can  be  produced  at  any 
desired  concentration,  it  seems  likely  to  supplant  eventually  the  time- 
honoured  method  of  manufacture. 
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Besides  exerting  this  influence  upon  the  inorganic  chemical  manufac- 
tures, the  coal-tar  industry  has  given  birth  during  recent  years  to  several 
important  daughter  industries.  The  manufacture  of  synthetic  medicinal 
agents,  artificial  perfumes,  sweetening  materials,  antitoxines,  nutritives, 
and  photographic  developers  are  all  outgrowths  of  the  coal-tar  industry, 
and  in  great  part  still  remain  attached  to  the  colour  works  where  they 
originated.  Of  these  subsidiary  industries  the  most  important  is  the 
manufacture  of  synthetic  medicinal  preparations,  which  has  already 
attained  to  large  proportions,  arid  bids  fair  to  revolutionise  medical 
science.  The  requirements  of  the  coal-tar  industry  have  further  led  to 
great  advances  in  the  design  and  production  of  chemical  plant,  such  as 
filter-presses,  autoclaves,  fractionating  columns,  vacuum  pumps  and 
stills,  suction  filters,  enamelled  iron,  aluminium,  and  stoneware  vessels,  &c., 
for  the  supply  of  which  extensive  works  have  become  necessary. 

It  is  a  frequently  quoted  remark  of  the  late  Lord  Beaconsfield  that 
the  chemical  trade  of  a  country  is  a  barometer  of  its  prosperity,  and  the 
chemical  trade  of  this  country  has  always  been  regarded  as  a  most  important 
branch  of  our  manufactures.  Even  those  who  might  be  inclined  to  regard 
our  declining  position  in  the  colour  industry  with  more  or  less  indifference 
would  consider  the  loss  of  a  material  portion  of  our  general  chemical  trade 
as  nothing  less  than  a  national  calamity.  As  already  pointed  out,  how- 
ever, the  two  are  indissolubly  connected,  the  coal-tar  industry  being  an 
essential  and  inseparable  part  of  the  chemical  industry  as  a  whole.  It  is 
with  the  object  of  ascertaining  our  present  and  future  prospects  in  the 
chemical  trade  of  the  world  that  I  propose  to  compare  the  relative 
development  of  the  colour  industry  in  England  and  (Germany  during  the 
past  fifteen  years.  It  was  at  the  commencement  of  this  period,  that  is 
to  say  in  the  year  1<S86,  that  Professor  Mcldola,  in  a  paper  rend  before 
the  Society  of  Arts,  gave  such  a  masterly  account  of  the  position  of  the 
industry  of  this  country  at  that  date,  and  sounded  a  warning  note  to  our 
manufacturers  and  business  men  re^.i riling  its  future  progress. 

If  an  excuse  is  required  for  my  venturing  to  refer  again  to  a  subject 
jpoii  which  so  much  has  been  said  and  written  already,  it  is  supplied  by 
the  fact  that  the  warnings  repeatedly  given  by  those  who  saw  the  future 
clearly  (notably  by  Professor  Meldola  and  Professor  Armstrong)  have 
remained  largely  unheeded  by  our  business  men.  The  conclusions  which 
are  forced  upon  us  are  unfortunately  not  of  a  reassuring  nature  for  our 
national  trade,  but  it  is  well  to  remember  that  nothing  is  gained  by 
burying  our  heads  in  the  sand,  and  that  the  cure  of  a  disease  can  only  be 
effected  after  an  accurate  diagnosis  of  its  cause. 

The,  period  which  wo  have,  to  consider  Iwi  been  one  of  extraordinary 
acthity  and  remarkable  development  in  the  coal  tar  industry,  and  before 
1  pass  to  the  economic  aspect  of  the  question  I  shall  ask  you  to  consider 
very  superficially  some  of  the  main  points  in  this  advance.  In  no  other 
industry  than  this  have  such  extraordinarily  rapid  changes  and  gigantic 
developments  taken  place  in  so  short  a  period,  developments  in  which  the 
scientific  elucidation  of  abstract  problems  has  gone  hand  in  hand  with 
inventive  capacity,  manufacturing  skill,  and  commercial  enterprise.  In 
no  other  industry  has  the  clobe  and  intimate  interrelation  of  science  and 
practice  been  moro  clearly  demonstrated. 

Born  in  1858  the  colour  industry  had  already  attained  to  a  consider- 
able state  of  development  by  the  year  iSS6.  The  period  prior  to  this 
might  -well  be  called  the  'rosaniline  period/  since  it  is  chiefly  marked  by 
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the  discovery  and  development  of  colouring  matters  of  the  rosaniline  or 
triphenylmethane  group,  such  as  Magenta,  Aniline  Blue,  Hofmann 
Violet,  Methyl  Violet,  Acid  Mn^renln.  Acid  Violets,  Phosphine,  Victoria 
Blues,  Auramine,  Malachite  Ureen,  and  Acid  Greens.  Individual 
members  of  other  groups  had  already  been  discovered,  but  the  latter  had 
not  yet  attained  to  the  importance  which  they  were  destined  later  to 
occupy.  This  is  especially  the  ease  with  the  class  of  colouring  matters 
containing  the  double  nitrogen  radical  known  as  '  azo '  colours.  This 
group  of  compounds  has,  during  the  fifteen  years  which  wo  have  to  con- 
sider, attained  to  such  enormous  dimensions  and  importance  that  this 
interval  may  fairly  be  termed  the  '  azo  period.'  The  number  of  individual 
compounds  belonging  to  this  class,  which  have  either  been  prepared  or  are 
at  present  prcparable,  runs  into  many  millions  and  far  exceeds  the 
members  of  all  other  groups  of  colouring  matters  put  together.  Tn  com- 
mercial importance  also  they  occupy  a  position  at  present  far  in  advance 
of  any  other  group,  the  employment  of  some  of  them  (e.y.,  the  '  azo '  blacky) 
amounting  to  many  thousands  of  tons  annually.  A  greet  t  stimulus  to  the 
investigation  of  the  azo  compounds  was  given  by  the  discovery  by 
Bottiger  in  1884  of  the  first  colour  possessing  a  direct  affinity  for  cotton 
(Congo  Red),  which  was  followed  within  a  few  years  by  a  rapidly 
increasing  series  of  colours  of  all  shades  having  similar  dyeing  properties. 
The  azo  colours  known  prior  to  this  time  were  either  basic  colours 
(Aniline  Yellow,  Chrysoidirie,  Bismarck  Brown,  &c.)  or  acid  wool  colours 
(Xylitlme  Scarlet,  Croceine  Scarlet,  etc.).  The  great  simplification,  of 
cotton  dyeing  brought  about  by  the  introduction  of  the  new  group  of  azo 
colours — '  Benzo  '  or  '  Diamine  '  colours  as  they  were  called  -  led  to  a 
rapid  increase  of  their  number,  and  compounds  containing  two,  three, 
four,  or  more*  double-nitrogen  groups,  linking  together  the  residues  of 
various  parad famines  (benzidine,  tolidine,  dianisidine,  azoxytoluidino, 
paraphonylenorliamine,  naphthylenediaminc,  ito.)  to  various  naphthol-, 
amidonaphthol-,  and  naphthylamine  sulphonic  acids  made  their  appear- 
ance in  quick  succession.  Simultaneously  therewith  proceeded  the  dis- 
covery and  invest] Cation  of  the  various  isomeric  derivatives  of  naphthalene 
required  as  raw  products  for  the  preparation  of  these  colours,  an  investiga- 
tion which  was  largely  aided  by  the  classical  research  on  the  isomerism 
of  naphthalene  compounds  carried  out  in  this  country  by  Armstrong  and 
Wynne. 

Another  method  of  applying  azo  colours  to  cotton,  by  which  much  faster 
shades  o.re  obtained,  was  introduced  by  Messrs.  Head  Jlolliday,  of 
Hucldersfielcl,  in  1880,  and  consisted  in  producing  unsulphonated  azo 
compounds  on  the  fibre  by  direct  combination.  Owing  to  the  technical 
difficulties  which  were  at  first  encountered  in  applying  this  process  it  has 
only  reached  its  full  development  during  the  last  tow  years  and  at  other 
hands  than  those  of  its  discoverers.  The  most  important  colour  produced 
by  this  method  is  Paranitraniline  Red,  for  which  over  two  hundred  tons 
of  chemically  pure  paranitrariiline  are  manufactured  annually. 

The  search  for  direct  cotton  colours  led  the  author  in  1887  to  the 
discovery  of  Primuline.  This  compound,  having  a  direct  affinity  for 
cotton  and  containing  at  the  same  time  a  diazotisablo  amido  group,  could 
be  used  for  the  synthesis  of  various  azo  colours  on  the  fibre  which  were 
remarkable  for  great  fastness  to  washing.  It  has  had  a  large  employment 
for  the  production  of  fast  reds,  and  the  new  principle  of  dyeing  which  it 
introduced  has  b'een  considerably  extended  in  other  so- called  '  diatfo ' 
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colours.  The  closer  investigation  of  the  thiazol  group,  to  which  primuline 
belongs,  further  led  to  the  discovery  of  many  other  cotton  colours 
belonging  to  this  family,  amongst  the  most  important  of  which  are  the 
brilliant  greenish-yellow  called  'Turmerine'  or  'Clayton  Yellow,'  the 
light-fast  '  Chlorophenino '  or  '  Chloramine  Yellow,'  the  pure  greenish 
basic  yellow  '  Thiollavine,1  and  the  fust  cotton  pink  c  Erica.' 

Passing  over  the  stiibene  azo  colours  and  the  basic  azo  ammonium  or 
'Janus '  colours  there  remains  a  class  of  azo  compounds  to  which  T  must 
shortly  refer,  namely,  the  mordant  azo  colours,  which  with  the  growing 
demand  for  faster  shades  have  recently  come  into  much  prominence.  Tn 
those  compounds  the  presence  of  an  ortho  hyclroxyl  or  carboxyl  group 
gives  to  the  colour  the  property  (fol'owing  Liebermann  and  \.  Kosta- 
necki's  rulo)  of  combining  with  metallic  mordants,  especially  chromium 
oxide,  and  producing  therewith  insoluble  and  f;ist  lakes  on  the  wool  or 
cotton  fibre. 

We  now  come  to  the  consideration  of  three  analogously  constituted 
groups  of  colouring  matters,  namely,  the  azines,  oxazines,  and  thiazincs. 
The  laborious  scientific  investigations  of  Fischer  and  Hepp,  Bernthsen, 
Kehrinaun,  and  others  on  the  constitution  of  these  groups  of  compounds, 
the  first  members  of  wh'ch  (Methylene  Blue,  Saiiranine,  and  Meldola's 
JUue)  we.ro  discovered  in  a  very  early  stage  of  the  industry  when  little 
or  nothing  was  known  of  their  structure,  combined  with  the  theoretical 
views  on  the  quinonoid  structure  of  such  colouring  matters  promulgated 
by  Armstrong  and  adopted  by  Xietzki,  led  to  the  discovery  of  many 
valuable,  new  members  of  these  classes.  Amongst  the  latter  may  be 
specially  mentioned  the  llosindulinos,  Jndoine  Blue,  Tndulino  Scarlet, 
Khodulincs,  tfcc. 

Passing  to  the  pyrono  and  acridino  groups  in  which  much  investiga- 
tion has  also  been  conducted,  the  most  notable  advances  ha\e  been  the 
discovery  of  the  *  Rhoflaminos,'  a  class  of  pun1  basic  reds,  and  of  the;  basic 
yellows  and  oranges  allied  to  Pliosphine,  namely  Aoridino  Yellow,  Benzo- 
tlavine,  and  Aeridino  Orange. 

It  is  in  the  alizarine  group  next  to  the  azo  group  that  Ihe  greatest 
progress  must  bo  recorded.  The  demand  for  fast  colours  for  calico 
printing  and  for  dyeing  chrome-mordanted  wool  to  withstand  severe 
'  nulling  '  operations  has  led  to  a  long  series  of  iiiti-.ttigiiim-.s  and  patents 
for  producing  new  derivatives  of  anthraquinono.  These  new  products, 
known  in  commerce  as  'Alizarine  Bordeaux/  'Alizarine  Cyanines,' 
'Anthracene  Blues,'  '  AH/arino  Viridine,'  'Alizarine  Saphirol,'  £c.,  are 
polyoxy  or  amidooxy-unthniquiiioiioR,  for  the  preparation  of  which 
either  alizarine  or  nitroanthraijuinones  are  the  usual  starting  points. 

Passing  over  some  smaller  groups,  we  now  come  to  a  very  peculiar 
class  of  dyestulTs  containing  sulphur,  which,  although  discoxered  by 
Croissant  and  BroUoniere  in  IS73,  remained  confined  to  a  single  repre- 
K(mt.(iti\e-  l(1achou  do  Lival '-  -until  .Raymond  Yidal  in  JSIKJ  obtained  a 
very  fast  black  colouring  matter,  which  dyed  unmordanted  cotton,  by 
heating  puraaiiiidophonol  with  sulphur  and  sodium  sulphide.  The 
possibility  of  replacing  Aniline  Black  in  cotton  dyeing  by  a  direct 
colouring  matter,  and  possibly  also  of  obtaining  other  shades  which,  though 
dyed  in  a  single  bath,  would  resist  subsequent  *  cross  dyeing '  of  the 
wool  in  mixed  fabrics,  lent  an  immense  impulse  to  the  study  of  this  class 
of  colouring  matters ;  and  although  their  molecular  structure  still  remains 
wrapped  in  obscurity,  many  new  representatives  have  followed  eafcb 
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other  in  rapid  succession,  ranging  in  shade  from  blacks  of  various  hues  to 
browns,  olives,  greens,  and  blues.  As  the  most  important  of  these  I 
may  mention  Vidal  Black,  Tmmedial  Black,  Katechine  Black,  Immedial 
Blues,  Pyrogene  Blues,  Katechine  Brown,  Katechine  Green,  <fec. 

It  may  fairly  be  claimed,  however,  that  the  greatest  triumph  of  the 
coal-tar  industry  for  the  past  fifteen  years  has  been  the  successful 
production  of  artificial  indigo  on  a  large  manufacturing  scale. 

Returning  from  the  scientific  to  the  economic  aspect  of  the  subject, 
I  shall  ask  you  now  to  consider  what  share  we  have  obtained  in  the 
great  expansion  of  trade  resulting  from  all  these  new  discoveries,  many 
of  which  have  originated  in  this  country.  The  development  of  the 
industry  in  Germany  is  well  illustrated  by  the  following  figures  : — 

rts  from  Germany  to  the  World. 


1885.  1H95. 


Tons.  i  Tons. 

Aniline  (Ml  and  Salt       .         .         .         .  j         1,713  j  7,135 

Coal-tar  Colours  (oxcl.  alizurine)  .         .  i         4,64(5  \  15,789        I       17,630 

Alizarine  Colours I         4,284  I  8,927 


1899. 
Tons. 


Again,  if  we  take  values,  we  find  that  total  exports  of  coal-tar 
colours  from  Germany  amounted  in  1894  to  2,600,000/.,  and  in  1898  to 
3,500,000^.,  an  increase  of  nearly  a  million  in  four  years.  The  latter 
figure  is  practically  the  same  as  that  given  by  Perkiii  as  an  estimate  of 
the  world's  total  production  in  1885,  showing  how  great  the  increase  has 
been  since  this  date. 

The  value  of  Germany's  entire  production  is  somewhat  difficult  to 
arrive  at.  Witt,  in  his  report  on  the  German  chemical  exhibit  at  the 
Paris  Exhibition,  gives  as  the  value  of  the  total  chemical  industry  of 
Germany  for  the  year  1897  the -enormous  sum  of  40  .V  million  pounds 
sterling.  Of  this  sum  Lefevre  estimates  that  at  least  one  tenth  may  be 
put  down  to  colouring  matters,  and  another  tenth  to  raw,  intermediate, 
and  synthetic  products  from  coal  tar  other  than  colours,  and  he  thus 
assigns  for  the  total  annual  value  of  the  coal-tar  industry  of  Germany  the 
sum  of  nine  to  ten  million  pounds  sterling.  With  the  increase  in  the 
production  of  synthetic  indigo,  it  may  be  taken  to-day  to  considerably 
exceed  this  figure. 

One  mr«y  well  wonder  what  becomes  of  this  enormous  quantity  of 
coal-tar  products.  According  to  the  United  States  consular  reports  the 
tt.V  million  pounds'  worth  of  coal-tar  colours  exported  by  Germany  in 
1898  were  consumed  as  follows  :  — 

The  United  States  took      .  .  .  750,0002.  worth. 

The  United  Kingdom  took  .  .  730,0002. 

Austria  and  Hungary     ,,  .  .  350,000/.      „ 

Italy  „     .  .  .  225,0002,      „ 

China  „     .  270,0002.      „  ^ 

whilst  the  rest  of  the  world  took  the  remainder. 

The  great  increase  in  production  in  Germany  is  further  shown  by  the 
growth  in  the  capital  and  number  of  workpeople  employed.  Thus 
according  to  a  report  of  the  Badische  Works,  recently  issued,  the  capital 
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of  this  company,  which  was  increased  in  1889  from  900,0007.  to  l,0r>0,000£, 
will  be  further  augmented  this  year  by  the  issue  of  750,000£.  of 
debentures.  The  number  of  workpeople  employed  by  this  company  in 
1900  was  6,4cSf>,  as  against  4,800  in  1896,  an  increase  of  over  33  per  cent, 
in  four  years.  The  firm  of  Leopold  Cassella  &  Co.,  of  Mainkur,  near 
Frankfurt,  have  increased  the  number  of  their  workpeople  from  M5  in 
1890  to  1 ,800  in  1900. 

Passing  now  to  England  we  iind  that  the  imports  of  coal-tar  colours 
into  the  country  are  steadily  rising,  as  is  shown  by  the  following  figures 
taken  from  the  Hoard  of  Trade  returns  : — 

IiHjwrt*  nf  Con  I- far  Dye-ifif/fo  into  Knyltuid  during  Uir  la*t  Fifteen  Year* 

£599,000 
710,000 

G95',400 
739,000 
70H,800 
7i'0,000 


1SSU     .         .         .      £7)0<),7r>0        1891 


1S87 
1.SHS 
1889 
18!M) 
1X91 
1S<)2 

18'.);1. 


512,000  i    1S'.)5 

5(59,000  !    1S1H5 

W)9,200  '    1897 

591,100  1S98 

fiSlvMX)  181)1) 

Hi  2,200  1900 

001,000  ' 


Contrasted  with  tliis  the  exports  of  coal-tar  colours  manufactured  in 
England  have  fallen  from  f>:M),OOOf.  in  1 890  to  366,r>00/.  in  1 899.  Comparing 
these  figures  with  the  rapidly  increasing  export  trade  of  Germany,  it  is 
seen  that  whereas  formerly  the  English  export  trade  in  artificial  colours 
was  about  one  quarter  that  of  Germany,  it  does  not  now  amount  to  a 
tenth  part.  Jt  is  therefore  only  too  apparent  that  we  have  had  but  little 
share  in  the  great  increase  which  this  industry  has  experienced  during 
the  past  fifteen  years,  and  that  we,  have  not  even  been  able-  to  supply  the 
expansion  in  our  own  requirements.  Jn  order  to  ascertain  what  propor- 
tion of  our  own  needs  we  at  present  furnish,  I  am  able  to  lay  before  you 
tho  following  interesting  ligures,  which  have  been  kindly  supplied  me  by 
the  Bradford  Dyers'  Association  and  the  British  Cotton  and  Wool  Dyers' 
Association,  who  together  form  a  very  largo  proportion  of  the  entire 
dyeing  trade  : — 

i'nfaufiny  Mftfhrs  tMtl  by  llradfMd  Di/crs1  Asocial  ion. 

English,  10  per  cent.  ;  German,  80  per  cent.  ;  Swiss,  G  per  cent.  ; 
Kronch,  4  per  cent. 

CulwiriHy  Mult  i  ra  wd  by  JBnViV*  Cultou  und  \Tovl  Dyer*'  A*wiati<M> 

An.i/itw  Crffount. — English,  2'J  per  cent.  ;  foreign,  7N  per  cent. 
AH^ar'nu:  Cttfttnr** — I^nglish,  l'G5  per  cent*  5  foreign,  98'3-r)  per  cent. 

The  Eityllxh  Hnriiiy  Cotton  Company  have  also  very  kindly  supplied 
me  with  n  detailed  analysis  of  their  consumption,  from  which  it  appears 
that,  out  of  a  total  of  sixty  tons  of  colouring  matters  and  other  dyeing 
materials  derived  from  coal  tar  only  9  per  cent,  were  of  English  manufac- 
ture. 

The  table  of  statistics,  on  the  next  page,  of  th«  six  largest  German 
firms  gives  a  fair  picture  of  tho  present  dimensions  of  the  industry  in 
that  country. 

The  joint  capital  of  these  six  linns  amounts  to  at  least  2??  millions. 

1901.  "       s 
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They  employ   together  about  500   chemists,  350  engineers  and   othei' 


technologists,  1,360  business 


clerks,  travellers,  tfcc.,  and  over 


18,000  workpeople.  Compared  with  such  figures  as  these  the  English 
colour  manufacture  assumes  insignificant  proportions.  The  total  capital 
invested  in  the  coal-tar  colour  trade  in  England  probably  does  not  exceed 
r>00,000/.,  the  total  number  of  chemists  employed  cannot  be  more  than 
thirty  or  forty,  and  the  number  of  workmen  engaged  in  the  manufacture 
does  not  amount  to  over  a  thousand. 

Position  of  the  8ijc  Largest  Co/our  Works  in  Cennany  in  Fear  1900. 
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A  similar  relative  proportion  is  maintained  in  the  number  of  patents 
for  new  colouring  matters  and  other  coal-tar  products  taken  by  the  English 
and  German  firms,  as  is  shown  by  the  following  table  : — 

Comparison  of  JVumfar  of  Contpfetetl  Enylinh   Patent*  for    Coal-tar  Products 
taken  during  1^8(3-1000  by  Six  Laryi>*t  Enyli*h  and  Six  Lary^t 
Firms. 


German  Firms 
Badischo  Aniline  Works 
Mcistcr,  Lucius,  &  Binning 
Varbfabriken  Bayer  &  Co. 
Berlin  Aniline  Co.  . 
L.  Cassella  &  Co.     . 
Farbwerk    Miihlheim,    Lconhardt 
&Co 


j  English  Firms 

179  ,  I Jrooke,  Simpson,  &  Spillcr 

li:U  Clayton  Aniline  Co. . 

tt06  i  Levinstein 

HIM  Read,  Holliday,  &  Co. 

75  i  Glaus  &  ReO      . 
\V.  G.  Thompson 


21 

11) 
28 


Total  of  six  German  firms 


Dlh  \  Total  of  six  English  firms . 


Nor  does  the  potential  loss  which  we  have  sustained  by  our  inability 
to  take  advantage  of  a  growing  industry  represent  the  sum  total  of  our 
losses.  The  new  colouring  matters,  made  almost  exclusively  in  Germany, 
have  in  many  cases  been  introduced  as  substitutes  for  natural  products 
which  were  staple  articles  of  English  commerce.  Madder  and  cochineal 
have  been  replaced  by  alizarine  and  azo  scarlets,  the  employment  of  many 
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dyewoods  1ms  greatly  decreased,  whilst  at  the  present  moment  logwood 
and  indigo  are  seriously  threatened.  Regarding  the  indigo  question  so 
much  has  been  written  that  I  do  not  propose  to  occupy  space  in  its  further 
discussion,  but  will  only  point  out  that  the  complete  capture  of  the  indigo 
market  by  the  synthetic  product,  which  would  moan  a  loss  to  our  Indian 
dependencies  of  3,000,000£  a  year,  is  regarded  by  the  Badische  Company  as 
so  absolutely  certain  that,  having  already  invested  nearly  a  million  pounds 
in  the  enterprise,  they  are  at  present  issuing  750,000/.  of  new  debenture 
capital  to  provide  funds  to  extend  their  plant  for  this  purpose  !  In  the 
last  annual  report  of  the  company  they  say  :  '  As  regards  plant  indigo, 
the  directors  are  prepared  and  determined  to  meet  this  competition  in  all 
its  possible  variations  in  value.  Much  strange  matter  has  been  published 
in  India  as  to  improvements  in  the  cultivation  and  preparation  of  natural 
indigo,  but  the  illusions  of  the  planters  and  indigo  dealers  are  destined  to 
be  dispelled  before  facts,  which,  although  they  are  not  known  to  them, 
will  make  themselves  more  felt  the  larger  the  production  of  artificial 
indigo  becomes.' 

Besides  the  loss  of  matt-rial  wealth  which  the  neglect  of  the  coal-tar 
trade  has  involved  to  the  country,  there  is  yet  another  aspect  of  the  ques- 
tion which  is  even  of  more  importance  than  the  commercial   one.     There 
can  be  no  question  that  the  growth  in   Germany  of  a  highly  scientific 
industry  of  large  and  far-reaching  proportions  has  had  an  enormous  effect 
in  encouraging  and  stimulating  scientific  culture  and  scientific  research  in 
all  branches  of  knowledge.     It  has  reacted  with  beneficial  effect  upon  the 
universities,  and  has  tended  to  promote  scientific  thought  throughout  the 
land.     l>y  its  demonstration  of  the  practical  importance  of  purely  theo- 
retical conceptions  it  lias  had  a  far-reaching  effect  on  the  intellectual  life  of 
the  nation.     I  low  much  such  a  scientific  revival  is  wanted  in  our  country 
the  social  and  economic  history  of  the  past  ten  years  abundantly  testifies. 
The  position  with  which  we  are  confronted  is   in  truth  a  lamentable 
on(3,  and  the  way  out  is  not  so  easy  to  find.     In  18S(i  it  could  perhaps 
still  be  maintained  that  we  held  the  key  to  the  situation  if  we  chose  to 
make  use  of  it,   inasmuch  as  the  principal   raw  products  of  the  colour 
manufacture  (tar  oils,  naphthalene,  anthracene,  soda,  ammonia,  iron,  etc.) 
were   in   great   measure   imported   from    England.     In  a  speech  to  the 
Academy  of  Sciences  of  Munich  in  187S  Professor  von  Bneyer  had  said  : 
*  Germany,  which  in  comparison  with  England  and  France  possesses  such 
great  disatl vantages  in  reference  to  natural  resources,  has  succeeded  by 
means  of  her  intellectual  activity  in  wresting  from  both  countries  a  source 
of  national  wealth.     Germany  has  no  longer  to  pay  any  tribute  to  foreign 
nations,  but  is  now  receiving  such  tribute  from  them,  and  the  primary 
source  from  which  this  wealth  originates  has  its  home,  not  in  Germany, 
but  in  England.     It  is  one  of  the  most  singular  phenomena  in  the  domain 
of  industrial  chemistry  that  the  chief  industrial  nation  and  the  most 
practical  people  in  the  world  has  been  beaten  in  the  endeavour  to  turn  to 
profitable  account  the  coal  tar  which  it  possesses.  ^  Wo  must  not,  how- 
over,  rest  upon  our  oars,  for  we  may  be  sure  that  England,  which  at  pre- 
sent looks  on  quietly  while  we  purchase  her  tar  and  convert  it  into  colours, 
selling  them  to  foreign  nations  at  high  prices,  will  unhesitatingly  cut  off 
the  source  of  supply  as  soon  as  all  technical  difficulties  have  been  sur- 
mounted by  the  exertions  of  German  manufacturers/  l     Professor  von 

1  Quoted  by  Mr.  Le\instoin,  Jour.  S  c.  Chcm.  TniL.  1SSG,  p.  330. 
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Baeyer  could  not  believe  that  the  English  manufacturer  and  capitalist 
won  Id  stand  calmly  by  and  see  an  important  industry  which  had  had  its 
origin  and  early  development  in  his  own  country  taken  from  beneath  his 
nose  without  an  effort  to  retain  it.     Yet  the  initial  advantages  which  our 
natural  resources  afforded  us  have  been  neglected,  and  now  in  1901  the 
conditions  are  completely  changed.  The,  adaptation  of  condensing  plant  to 
the  Westphalian  coke  ovens  has  rendered  Germany,  though  still  a  large 
buyer  from  England,  no  longer  dependent  on  English  tar  and  ammonia  ;  by 
the  development  of  the  ammonia-soda  process  she  no  longer  requires  English 
alkali  ;  whilst  all  other  raw  products  of  the  colour  industry  can  now  be 
purchased  in  the  commercial  centres  of  Germany  at  least  as  cheaply  as  in 
England,  and  some  even  at  lower  prices.     Through  the  shortsightedness, 
ignorance,  and  want  of  enterprise  of  those,  with  whom  the  earo  of  the 
colour   industry   in    this   country   has  rested  the  opportunity  has   been 
allowed  to  pass  for  ever.     The  English  capitalist  has  passed  over  as  not 
sufficiently  profitable  for  his  consideration  an  industry  which  at  present 
amounts  to  nine  or  ten  million  sterling  annually,  and  from  which  his 
German  confrere  reaps  a  dividend  of  nearly  UO  per  cent.     The  English 
manufacturer   has   considered  that   a  knowledge  of   the  benzol  market 
was  of  greater  importance  than  a  knowledge  of  the  benzol  theory,  and 
after   the    early   but    brilliant   days    in   the   infancy  of    the    industry 
when   guided    by   such    eminent  workers    as    Hofmanu,    Perkin,    and 
Nicholson,     commercial    progress     and     scientific     investigation     went 
hand    in    hand,    but    little    encouragement    has    been   given    here   to 
chemical    investigators     arid     discoverers.       The    control     of    the     in- 
dustry unfortunately  soon  passed  into  the  hands   of   men  who   had    no 
knowledge  and  absolutely  no  appreciation  or    the    science   upon    which 
their   business   rested,   and,  concerned   only  with   getting  the  ultimate 
amount  of  present  profit,  discouraged  all  scientilic  investigations  as  waste 
of  time  and  money.     The  chemist  who  devoted  himself  to  the  elucidation 
of  the  chemical  constitution  of  a  colouring  matter  was  regarded  by  them 
as  an  unpractical  theorist  of  no  value  to  a  manfacturing  business.     Even 
when  he  discovered  new  colouring  matters  of  commercial  value  they  were 
so  blind  to  their  own  interests,  and  so  incapable,  of  believing  that  any 
practical  good  could  come  out  of  such  theoretical  work,  that  in  many  cases 
they  refused  to  patent  or  in  any  way  take  advantage  of  the  discoveries 
made  by  him.     During  recent  years  this  attitude  has  certainly  undergone 
considerable  modification,  and  some  attempt  has  been  made,  to  call  in  the 
aid  of  the  science  so  long  neglected.     Curtain  firms  indeed  must  be  given 
the  credit  of  endeavouring  to  pursue  a  more  enlightened  policy,  but  those 
attempts  have  been  of  a  more  or  less  sporadic  nature  and  always  directed 
too  much  in  the  expectation  of  realising  immediate  financial  results.     The 
difficulties  which  must  be  encounter  eel  in  the  attempt  to  regain  the  lost 
ground  are  of  necessity  very  great,  and  arc  quite  unappreciated  by  our 
business  men.     It  seems  in  fact  to  have  been  the  opinion  of  the  public 
and   the  average  financial  man  that  this  industry  ought  to  bo  easily  won 
back  by  us  by  the  establishment  of  a  few  technical  schools,  the  engage- 
ment of  a  dozen  chemists,  and  the  investment  of  a  few  thousand  pounds 
in  new  plant,  forgetting  that  the  supremacy  of  our  German  competitors 
has  been  gained  by  years  of  patient  toil,  by  the  work  of  hundreds  of 
trained  chemists,  and  by  the  outlay  of  millions  of  capital.     Who  can  be 
surprised  therefore  if  such  expectations  have  not  been  realised,  and  if  in 
spite  of  some  notable  successes  the  general  position  of  the  colour  trade 
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in  England  at  the  present  day,  at  a  time  when  even  the  German  trade  is 
suffering  from  the  general  depression,  looks  worse  than  at  any  previous 
period  ?  During  years  of  stagnation  in  this  country  the  German  manu- 
facturers have  been  realising  large  profits,  which  they  have  employed  in 
consolidating  their  businesses,  writing  off  the  value,  of  their  buildings  and 
plant,  and  accumulating  enormous  reserves  (the  reserve  of  the  Badische 
Company  is  over  a  million  pounds)  :  they  have  gathered  round  them 
perfectly  working  organisations,  comprising  enormous  staffs  of  scientifically 
and  practically  trained  research  chemists,  factory  chemists  with  highly 
specialised  knowledge,  chemical  ongineers,  dyers,  and  others  ;  their 
travellers  and  agents  are  in  every  part  of  the  globe  ;  by  long  manufactur- 
ing experience  and  unremitting  endeavour  to  improve  their  processes  and 
plant  they  have  brought  the  yields  and  quality  of  their  products  to  such 
a  state  of  perfection  that  even  when  the  manufacture  of  these  products 
is  no  longer  covered  by  patents  they  are  able  to  produce  them  at  a  cost 
price  which  is  impossible  to  anyone*  commencing  their  manufacture  ; 
they  have  hedged  themselves  about  with  a  perfect  stockade  of  many 
hundreds  of  patents,  l^e  accumulated  in  their  laboratories  thousands 
of  intermediate  products  ready  at  any  time  to  be  subjected  to  any  new 
treatment  or  combination  which  research  or  theory  may  suggest  as 
likely  to  yield  now  results.  By  the  complete  range  of  colours  which 
they  are  able  to  offer  in  each  group  of  dyestulls,  whether  basic  colours, 
acid  colours  for  wool,  fast  colours  dyeing  on  metallic  mordants,  dLizotis- 
able  colours,  or  direct  colours  for  cotton,  and  by  the,  invaluable  aid  and 
assistance  which  they  can  givu  the  dyer  in  his  daily  work,  they  are 
enabled  to  retain  his  custom  even  if  it  sometimes  happens  that  a  better 
and  a  cheaper  article  is  offered  him  by  the  home  producer. 

Where,  then,  are  wo  to  look  for  an  improvement.  ?  Some  would  find 
a  remedy  in  the  imposition  of  heavy  protective  tariffs  ;  but  such  tariffs  in 
France  have  not  availed  to  prevent  a  similar  state  of  things  there,  and 
protection  in  colouring  matters  might  have  a  very  detrimental  effect  upon 
the  textile  industries  of  the  country.  Others  expect  salvation  from  the 
extension  of  technical  schools  ;  but  laudable  as  is  the  aim  of  these  institu- 
tions, I  cannot  see  how  they  can  effect  much  until  their  raw  material  is  of 
a  very  different  character  from  what  it  is  at  present,  and  until  the  public- 
can  be  completely  disabused  of  the  fallacy  that  a  year  or  two  of  technical 
training  pumped  into  an  ignorant  schoolboy  will  produce  a  better  works 
chemist  than  a  university  course  of  scientific  study  laid  upon  the  founda- 
tion of  a  good  general  education.  Mr.  Levinstein  again  bases  his  hopes 
for  the.  future  upon  a  reform  of  the  patent  laws,  and  seeks  to  compel  all 
patented  processes  to  be  worked  in  this  country.  Although  I  am  inclined 
to  believe  that  a  portion  of  our  present  troubles  have  been  brought  about 
by  a  bad  patent  law,  framed  mainly  from  an  •  •  ,"•  • !  :  and  not  from  a 
chemical  point  of  view,  which  seems  specially  designed  to  foster  foreign 
trade  at  our  own  expense,  yet  I  cannot  attribute  to  this  cause  a  too 
preponderating  influence,  and  am  doubtful  whether  its  removal  now 
would  materially  improve  the  position.  The  remedy  for  the  present  stcite 
of  affairs  must  of  necessity  be  a  slow  one,  and  in  my  opinion  can  only  be 
found  in  a  better  appreciation  of  the  value  of  science  throughout  the 
length  and  breadth  of  the  land.  Until  our  Government  and  public  men 
can  be  brought  to  realise  the  importance  of  fostering  the  study  of  science 
and  of  encouraging  all  scientific  industries,  until  our  schools  and  universi- 
ties appreciate  the  importance  of  a  scientific,  education,  until  the  rewards 
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for  public  services  in  science  are  made  equal  to  those  in  other  branches 
of  the  public  service,  so  long  will  science  continue  to  be  held  in  insuf- 
ficient esteem  in  our  country,  and  the  best  and  most  promising  of  our 
rising  young  men  will  be  deterred  from  adopting  chemistry  as  a  profes- 
sion. It  is  not  so  much  the  education  of  our  chemists  which  is  at  fault 
as  the  scientific  education  of  the  public  as  a  whole. 

The  Application  of  the  Equilibrium  Lair  to  the  Separation  of  Crystals 
from  Complex  Solutions  and  to  the  Formation  of  Oceanic  Salt 
Deposits.  By  Dr.  E.  FRA^K^AM)  ARMSTRONG. 

[Ordered  by  the  Council  to  bo  printed  in  t'jrtrnw  ] 

THE  celebrated  deposits  of  Stassfurt  consist,  it  is  well  known,  of  an 
immense  thickness  of  Rock  salt,  interspersed  at  fairly  regular  intervals 
with  narrow  bonds  of  anhydrous  Calcium  sulphate  capped  with  beds  rich 
in  Magnesium  and  Potassium  salts.  That  such  salt  deposits  are  of  marine 
origin  is  obvious  ;  but  as  their  amount  is  much  greater  than  could  have 
been  derived  from  the  evaporation  of  the  body  of  water  present  on  the 
area  over  which  they  aro  distributed,  oven  supposing  its  depth  to  have 
been  that  of  the  very  deepest  oceans  yet  known,  a  constant  flowing  in  of 
water  containing  salts  during  the  period  of  evaporation  must  he  assumed 
to  have  taken  place.  As  will  be  obvious  later  on,  the  presence  of  alternate 
bands  of  Anhydrite  and  Rock  salt  throughout  the  deposits  affords  further 
proof  that  such  an  inflow  must  regularly  have  taken  place. 

Roughly,  the  deposits  may  be  divided  into  the  following  four  regions  : 

1.  Anhydrite  (CaSOt). 

L'.  Polyhalite  (2CaSO1.MffSOl.KaSOl.2H.,O),  about  GO  metres  thick. 

3.  Kieserite  (MgSO,.H.,O),  about  30  metres. 

4.  Carnallite  (MgCl2.KCl.GH2O),  about  123  metres. 

The  presence  in  these  deposits  of  salts  such  as  Anhydrite  and  Kieserite, 
which  are  not  those  normally  deposited  from  simple  aqueous  solutions,  is 
in  itself  proof  that  the  character  of  the  separation  is  affected  by  the  con- 
ditions— i.e.  the  presence  of  other  salts.  The  problem  has  been  to  deter- 
mine the  exact  conditions  which  would  give  ri&o  to  such  deposits.  But 
the  consideration  of  the  separation  of  the  salts  from  sea- water  is  merely  a 
special  and  somewhat  complex  case  of  tho  more  general  problem  involved 
in  the  study  of  the  separation  of  crystalline  deposits  from  solution, 
whether  in  the  ordinary  solvents  familiar  to  the  chemist,  or  in  solvents 
such  as  are  fused  metals  and  silicates. 

The  work  hitherto  done  in  this  field  has  been  conducted  entirely  by 
van't  Hoff  and  his  pupils,  and  has  already  been  carried  so  far  that  it  is 
possible  almost  completely  to  interpret  the  geological  phenomena  afforded 
by  the  Stassfurt  deposits. 

The  results  fall  under  what  is  commonly  termed  the  Phase  rule  of 
Willard  Gibbs.  No  difficulty  can  arise  in  understanding  them  when 
graphic  methods  are  used. 

Ft  is  before  all  things  essential  to  bear  in  mind,  in  the  first  place,  that 
a  solution  can  only  be  spoken  of  as  saturated  with  a  given  substance  when 
the  substance  is  present  in  the  solid  state  in  contact  with  the  solution. 
Thus,  for  equilibrium  to  exist  in  the  case  of  Sodium  sulphate  it  is  necessary 
to  have  the  salt  in  solution  together  with  the  undissolved  substance.  The 
phase  rule  is  but  an  expression  of  the  fact  that,  in  the  case  of  solutions  in 
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volatile  solvents,  equilibrium — i.e.  saturation — is  attained  at  a  particular 
pressure  at  a  particular  temperature,  and  vice  versrt,  when  n  substances 
are  present  in  ?*-hl  states  or  phases  separable  as  such,  each  such  state 
being  termed  technically  a  phase.1  Jt  is  necessary  to  make  this  distinc- 
tion in  order  to  guard  against  the  application  of  the  term  *  phase '  to  the 
radicles  of  salts.  The  whole  investigation  may  therefore  be  considered 
independently  of  the  modern  hypothesis  of  solution,  solely  on  the  basis  of 
facts. 

The  real  difficulty  that  occurs  in  practice  is  to  know  what  are  the 
possible  phases — in  other  words,  to  determine  the  nature  of  the  double 
salts  or  distinct  hydrates  that  may  be  formed.  In  the  case  of  saturated 
solutions  of  non-volatile  solids  in  a  volatile  solvent,  as  \apour  of  the 
solvent  is  always  present,  the  solvent  occurs  in  two  phases,  and  therefore 
the  condition  under  which  equilibrium — i.e.  saturation — is  determined  is 
that  n — 1  solids  exist  in  contact  with  the,  liquid.  As  the  presence  of 
these  solids  determines  the  equilibrium,  they  may  very  properly  bo  spoken 
of  as  Ht/uilibrafarfi,  and  this  term  may  be  used  as  the  equivalent  of  the 
somewhat  inexpressive  German  phrase  *  HodeHkvrper* 

The  cases  to  be  considered  are  the  following  : — 

CASE  T. — fiolnfwns  saturated  with  a  .vzW/fo  salt. 

In  these  two  constituents  (salt  and  water)  are  present  in  three  phases — 
the  gaseous  phase,  one  liquid  phase,  and  one  solid  phase— and  as  a  rule 
only  one  solid  equilibrator  can  act  at  a  time  ;  but  as  not  only  the  anhydrous 
substance,  but  also  its  various  hydrates,  may  equally  serve  as  equilibrators 
when  hydrates  are  formed,  two  equilibrators— either  the  anhydrous  sub- 
stance and  its  hydrate,  or  two  of  its  hydrates  if  there  be  more  than  one 
possible  may  net  simultaneously  at  some  particular  pressure  and  tem- 
perature, usually  called  the  trttnttifiim  point.  Obviously  this  complication 
arises  from  a  variation  in  the  behaviour  of  the  substance  relatively  to  the 
solvent  as  the  external  conditions  are  modified.  As  hydrates  only  differ 
in  the  number  of  solvent  molecules  they  contain,  they  are  to  be  regarded 
as  but  ono  substance,  the  molecules  of  the  solvent  attached  to  them  being 
left  out  of  .account.  In  any  case,  the  presence  in  the  solid  state  as  equi- 
librator of  the  particular  compound  or  compounds  with  which  the  solution 
is  to  be  saturated  is  always  the  essential  factor. 

To  give  an  example  :  in  the  case  of  Sodium  sulphate,  the  monohydrate 
and  decahydrate  coexist  in  equilibrium  with  the  solution  at  oL>0t6.">  under 
the  corresponding  vapour  pressure  ;  but  it  follows  from  the  above  that  at 
any  other  temperature*  only  one  at  a  time  of  the  hydrates  can  be  in 
equilibrium  with  the  solution,  inasmuch  as  a  single  substance  cannot,  as 
a  rule,  give  rise  to  a  solution  saturated  \\ith  reference  to  two  such  equili- 
brators, the  existence  of  two  such  compounds,  except  at  the  transition 
point,  being  only  possible  in  presence  of  a  second  salt  :  this  serving,  in  fact, 
to  condition  the  change  in  hyd ration. 

CASE  II. — Not  ut  ion  *  Mtturafcd  with  two  salt*  irJricJt  posses*  similar  basic 
or  acid  radicles^  c.y.,  NaC/1,  KC1. 

1  It  muht,  however,  he  noted  that  if  there  be  either  n  or  fewer  phases  present, 
equilibrium  is  possible  under  every  sot  of  conditions  compatible  with  the  existence 
of  the  phases  considered.  For  example,  in  the  case  of  an  unsaturatod  solution  of 
Sodium  uhloiide  in  presence  of  its  vapour,  no  solid  phase  being  present,  the  vapour 
pressure  of  the  solution  at  each  temperature  is  different  at  different  concentrations  : 
and  therefore  a  solution  and  its  vapour  may  be  in  equilibrium  at  any  pressure  within 
the  possible  limits  at  each  particular  temperature. 
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In  these  three  constituents  are  present  in  four  phases,  and  two  solid 
equilibrators  are  necessary,  e.g.,  NaCl  and  KC1.  But  it  must  be  carefully 
borne  in  mind  that  when  a  double  salt  can  be  formed  there  are  two 
possible  cases  of  equilibrium — viz.,  that  in  which  the  double  salt  and  one  of 
the  single  salts  and  that  in  which  the  double  salt  and  the  other  single 
salt  are  in  contact  with  the  liquid. 

Similarly,  when  one  of  the  salts  gives  rise  to  two  or  more  hydrates, 
there  are  several  possible  cases  of  equilibrium,  though  in  this  case  also  the 
presence  of  but  two  equilibrators  at  a  time  is  possible,  as  a  rule.  More- 
over, two  hydrates  of  the  same  substance  may  .act  simultaneously  as 
equilibrators,  even  under  conditions  other  than  those  obtaining  at  the, 
transition  points,  as  another  substance  is  present.  A  case  of  this  kind  is 
afforded  by  the  formation  of  solutions  saturated  with  the  two  hydrates  of 
Af  !,"-•- -.";;•  -•  sulphate  in  presence  of  Magnesium  chloride. 

CASE  III. — Solutions  saturated  with  two  nalts,  whose  basic,  and  acidic, 
radicles  are  different  and  which  therefore  can  interact. 

Magnesium  sulphate  and  Potassium  chloride  may  be  quoted  in  illus- 
tration of  this  case.  In  solution  these  interact  in  the  manner  expressed 
by  the  equation 

K2012  +  MgSO  i  £  K2SO  j  +  MgCla, 

one  or  other  couple  being  stable,  according  to  tho  conditions  ;  sucli  pairs 
of  salts  are  therefore  conveniently  spoken  of  a,s  reciprocal,  writ  pairtt. 

A  solution  of  two  such  salts  may  be  supposed  to  consist  of  four  sub- 
stances— the  solvent  and  three  of  the  four  possible  salts— in  live  phases 
and  not  of  live  substances  in  six  phases  as  the  rule  would  seem  to  require. 
The  fourth  salt  being  always  obtainable  from  the  other  three,  from  the 
standpoint  of  the  phase  rule  the  four  salts  are  derivable  from  only  three 
substances  :  thus  the  stable  pair  at  a  certain  temperature  being,  let  us 
say,  K2Cl24-MgSO4,  these  will  exist  together  with  cither  K2»SOt  or  J\IgCl.2, 
but  not  with  both,  as  the  two  cannot  be  together  without  interacting  to 
form  the  stable  pair. 

Although  in  the  case  of  a  reciprocal  salt  pair  only  three  rquiUhnilors 
are  essential  to  secure  saturation,  and  this  is  the  maximum  number  that 
can  act  simultaneously,  except  at  a  transition  point,  tho  number  of  com- 
binations of  three  which  are  possible  may  be  considerable.  In  the  ease  of 
KC1  and  MgSOj,  which  can  give  rise  not  only  to  K2S()t  and  MgC'K,  but 
also  to  various  double  salts  and  hydrates,  experience  indicates  thai-  (at 
temperatures  about  20°)  in  all  seven  substances  may  be  formed  —  viz., 
KC1,  K.S04,  MgCU.GHoO,  MgSOt.7IL,O,  M^SOt.GH,O,  Suhonito 
(K2SO4.MgS04.6H20)  and"  Carnallite  (MgCl,.KC1.6IL,O).~  As  each  of 
these  should  serve  as  an  equilibrator,  and  the.re  are  mathematically  thirty- 
five  ways  of  combining  three  out  of  seven  substances,  tho  problem  at  first 
seems  very  complicated.  In  practice,  however,  it  is  found  that,  for  example, 
K^O!  and  MgSO4  cannot  exist  together,  but  always  form  tho  double  salt 
Schonite  ;  and  that  in  a  similar  manner  MgCla  and  KCl  give,  rise  to 
Carnallite,  so  that  finally  the  number  of  possible  sets  of  three,  cquilibrators 
is  reduced  by  experiment  to  five.  In  the  oasa  of  a  mixture  of  KNOa, 
NaNO-j,  KCl,  and  NaCl,  as  neither  double  salts  nor  hydrates  are,  formed, 
the  conditions  are  simplified,  and  only  four  sets  of  three,  equilibrators  can 
be  chosen.  In  practice  the  determination  of  the  number  of  forms  stable 
under  tho  conditions  of  experiment  often  gives  rise  to  considerable  diffi- 
culty ;  and  it  must  not  be  forgotten  that  the  problem  can  only  be  solved 
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experimentally,  the  phase  rule  itself  giving  no  assistance  in  this  part  of 
the  inquiry :  in  fact,  the  only  purpose  it  serves  is  to  limit  the  number 
of  the  equilibrators. 

CASK  IV. — All  capes  in  which  other  salts  are  added  to  a  reciprocal 
salt  pair  resolve  themselves  into  the  general  case  of  x  substances  occur- 
ring in  ,7;-|-l  phases,  and  therefore  requiring  ,r  —  1  equilibrators.  The 
number  of  substances  which  can  act  as  equilibrators  may  be  very  large, 
and  of  course  can  only  be  ascertained  by  experiment  :  when  their 
number  is  determined  the  various  ways  of  associating  them,  taken  u: — 1 
at  a  time,  are  readily  deduced.  Experiment  is  then  again  required  to 
eliminate  those  which  are  incompatible.  In  special  cases  a  simplifica- 
tion may  bo  introduced  by  taking  one  or  more  salts  as  always  present 
among  the  oquilihrators.  Thus,  in  the  case  of  sea  water,  Sodium 
chloride  arid  Calcium  sulphate  are  always  taken  as  two  of  the  equilibrators. 

Experimental  Method*. 

Tho  data  required  in  drawing  diagrams  to  represent  the  composition 
of  saturated  solutions  and  the  order  in  which  salts  are  deposited  from 
them  are  arrived  at  b^  means  of  determinations  of  solubility.  As  a 
knowledge  of  the,  character  of  ihe  substances  which  can  exist  separately 
is  essential,  a  preliminary  investigation  must  often  bo  carried  out  to 
determine  the  conditions  under  \vhic:h  given  doublo  salts  or  hydrates  are 
stable,  or  the.  synthesis  of  such  compounds  may  have  to  be  effected  for 
the  first,  time.  A  variety  of  methods  are  made  use  of  in  this  part  of  the 
inquiry,  the  determination  of  volume-change  by  means  of  the  dilatomoter, 
and  of  vapour-pressure  by  means  of  the  tensimeter,  being  of  special 
importance,  in  establishing  transition  points. 

Tho  precautions  to  1m  observed  in  determining  solubilities  are  often 
insufficiently  appreciated.  The  exact  method  followed  in  van't  Hoff's 
laboratory  may  therefore  be  described. 

Tho  determinations  have  hitherto  been  made  at  25°,  this  temperature 
being  both  easy  to  roach  in  the  laboratory  and  to  maintain  constant, 
whilst  probably  not  so  very  far  removed  from  that  which  may  have 
prevailed  at  the  time  the  Stassfurt  deposits  were,  laid  down. 

A  large  water- bath  is  used  as  thormo-rogulator,  its  temperature  being 
kept  constant  by  means  of  a  modified  Ostuald  Calcium  chloride  regulator, 
whilst  for  smaller  baths  a  regulator  on  the  same  principle  filled  with 
toluene  is  used.  It  is  essential  to  use  weighed  quantities  of  everything, 
so  that  the  approximate  composition  of  the  solution  may  be  ascertained 
by  calculation  at  any  moment. 

Tho  determinations  are  made  in  a  largo  tost  tube,  about  .'I  cm. 
broad  and  *iO  cm.  long,  immersed  as  deeply  as  possible  in  the  bath. 
The  contents  are  kept  in  violent  agitation  by  moans  of  a  screw  shaped 
glass  stirrcr  passing  though  a  piece  of  glass  tubing  inserted  in  the 
tightly  fitting  stopper  of  the  test  tube  :  this  stirror  is  actuated  by  a  small 
motor.  If  the  tube  bo  selected  so  that  the  rod  of  the  stirrer  just  tits  it, 
and  a  little  grease  bo  inserted,  no  loss  of  water  by  evaporation  is  to  be 
feared. 

Tho  solubility  determinations  are  oarriod  out  by  stirring  weighed 
quantities  of  the  substances  with  a  known  quantity  of  water,  an.  excess  of 
solid  being  always  used.  When  approximately  saturated,  the  solution  is 
characterisedjin  some  way,  e.g.,  by  ascertaining  its  density,  In  determining 
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the  solubility  of  mixtures,  each  of  the  equilibrators  is  then  added 
and  the  liquid  stirred  during  twenty-four  hours,  when  the  density  is  again 
determined.  To  ascertain  whether  the  necessary  equilibrators  are  all 
present  some  of  the  solid  is  microscopically  examined  ;  and  to  leave  no 
room  for  doubt  a  few  c.c.  of  the  solution  are  left  in  contact  with  a  clear 
crystal  of  each  equilibrator  in  a  test  tube  at  25°  during  twenty-four  hours 
to  see  if  this  remain  unaltered.  The  solution  having  been  analysed  is 
then  again  stirred  during  a  further  period,  more  of  each  equilibrator  being 
added,  and  the  tests  and  analyses  are  repeated  ;  if  the  results  agree,  the 
solution  is  regarded  as  saturated.  For  minor  details,  often  of  consider- 
able importance,  the  original  publications  must  be  consulted.  The  best 
test  of  saturation  is  to  maintain  the  solution  in  contact  with  a  sharply 
defined  crystal  of  an  equilibrator  :  should  this  remain  unaltered,  the 
solution  is  in  equilibrium  with  it.  It  may  seem  that  the  precautions 
described  are  exaggerated,  but  experience  shows  that  this  is  not  the  case, 
a  curious  lag  in  the  formation  of  a  compound  being  often  met  with  which 
prevents  the  attainment  of  equilibrium — indeed,  this  is  one  of  the  chief 
difficulties  in  such  inquiries. 

The.  Graphic,  Ezprexxion  of  the  Result*. 

CASE  I.—- As  a  typical  simple  case,  a  solution  containing  the  chlorides 
of  Sodium  and  Potassium  may  be  taken  ;  these  salts  neither  give  rise  to 
double  salts,  nor  are  they  capable  of  existing  in  various  hydrate  forms. 
On  evaporating  at  a  constant  temperature  a  solution  containing,  say, 
equal  molecular  quantities  of  the  two  chlorides,  the  solution  will  first 
become  saturated  with  the  less  soluble-  viz.,  KC1 — and  this  will  separate 
as  the  solution  becomes  concentrated.  Subsequently  the  solution 
becomes  saturated  with  Sodium  chloride  as  well  as  with  Potassium 
chloride  ;  from  this  point  onwards,  two  solid  equilibrators  being  present, 
further  concentration  will  cause  the  separation  of  both  salts  in  constant 
proportions  and  the  solution  will  gradually  evaporate  without  altering  in 
composition.  To  construct  the  diagram,  therefore,  three  determinations 
are  necessary — viz.,  the  composition  of  the  solutions  saturated  with 
(a)  NaCl,  (6)  KC1,  (c)  both  NaCl  and  KC1. 

It  is  convenient  to  express  the  solubility  as  the  proportion  which  the 
number  of  molecules  of  dissolved  salt  bears  to  1000  molecules  of  water. 

If  the  solubilities  of  the  pure  substances  are  plotted  on  rectangular 
co-ordinates,  that  of  the  one  as  influenced  by  the  other  will  be  represented 
by  a  point  inside  the  rectangle.  In  the  following  diagram  the  line  AC 
represents  the  change  in  the  amount  of  Sodium  chloride  in  the  saturated 
solution  as  the  amount  of  Potassium  chloride  increases,  whilst  uc  gives 
the  change  in  the  amount  of  Potassium  chloride  in  the  saturated  solution 
as  the  amount  of  Sodium  chloride  increases.  This  diagram  therefore 
expresses  the  composition  of  all  possible  solutions  containing  both  Sodium 
and  Potassium  chlorides  at  25°  ;  obviously  : 

(1)  All  solutions  falling  on  the  line  ACH  are  saturated  with  the  one 
or  the  other  salt,  and  with  both  at  the  point  c,  whilst  (2)  unsaturated 
solutions  are  represented  by  the  region  inside  the  figure  OACB  and 
(3)  supersaturated  solutions  by  the  region  outside  ACU. 

It  is  important  to  bear  in  mind  that,  as  the  diagram  shows,  on  pro- 
ceeding from  the  origin  o  towards  any  point  on  the  line  ACB,  the 
solution  remains  upsaturated  until  that  line  is  reached.  At  points 
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between  B  and  c  Potassium  chloride  alone  separates  ;  at  points  between 
A  and  c  Sodium  chloride  alone.  The  point  c  is  that  at  which  alone  the 
two  salts  mutually  saturate  the  solution,  and  at  which,  on  further  evapo- 
ration, they  separate  together  in  constant  proportions. 

CASK  II. — Whereas  in  the  above  case  the  two  salts  were  considered 
to  be  incapable  of  acting  on  each  other,  in  general  the  formation  of  a 
double  salt  is  possible.  It  is  to  be  borne  in  mind,  however,  that  the 
double  salt  is  not  to  be  regarded  as  a  distinct  substance,  and  an  addi- 
tional equilibrator  is  therefore  not  required.  As  an  example,  KCl  and 
MgCl2.()H2O  may  be  taken,  which  give  rise  to  Carnallite,  a  double  salt  of 
great  importance  in  natural  deposits.  In  such  a  case  a  stable  system  is 
formed  when  only  the  one  or  the  other  of  the  two  simple  salts  coexists  with 
the  double  salt,  except  at  the  transition  point ;  at  all  other  points,  when 
either  is  present  in  excess,  it  acts  on  the  other,  forming  a  fresh  quantity 
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of  double  salt.  The  four  determinations  of  solubility  to  be  made  in  the 
caw;  in  question  are  (1)  that  of  KCl,  (-J)  that  of  MgCl.,.6H,O,  (3)  that  of 
Carnallite  and  KCl,  (4)  that  of  Carnal  lite,  and  MgCL.GlU). 

On  plotting  the  values  as  before,  the  diagram  on  page  -68  is  obtained 
(tig.  "2).  In  this  the  line  AJS  represents  the  manner  in  which  the 
amount  of  Potassium  chloride  present  in  the  saturated  solution  changes 
as  the  amount,  of  Magnesium  chloride  is  increased.  At-  the  point  B  the 
solution  is  saturated  with  Potassium  i-hlorido  and  Cariwllite.  In  the 
region  OBC  Potassium  chloride  is  no  longer  present  as  such,  but  only  as 
Carnallite,  and  the  slope,  BC  represents  the  gradual  depletion  of  the  solu- 
tions saturated  with  Carnallite  as  the  amount  of  Magnesium  chloride 
in  solution  increases.  At  the  point  c  the  solution  is  saturated  with 
Carnallite  and  Mapii  *\\\\\\  chloride,  the  line  no  showing  the  decrease  in 
the  amount  of  .Magnesium  chloride  in  the  saturated  solution  as  the  amount 
of  Potassium  chloride  present  increases,  Only  Magnesium  chloride 


268 


REPORT — 1901. 


110 


100 


FIG.  2. 


Solution  sitnr.itod  \\itli 


,  A.  KC'l     .  . 

P..  KCluinir.iriiiillito   . 
!  (1.  ('miii'litrmi.l  ArL.('l,oH  O 
!  1).  MgU  .t.JI^' 


Number  of    molecules 
per  1000  inolerulfM  HaO   ' 

K.C'I.       '       AFgri, 

11 


0 


10 


20 


30 


40 


APPLICATION  OF  EQUILIBRIUM  LAW  TO  SEPARATION  OF  CUVSTALS.   269 

Carnallite  are  present  in  the  region  ODC.  Tlie  difference  between  the 
regions  OBC  and  ODC  consists  in  the  fact  that  in  the  former  Carnallite, 
and  in  the  latter  Magnesium  chloride,  predominates,  one  or  other  of  these 
salts,  as  the  case  may  be,  separating  when  the  solution  is  concentrated.  In 
both  cases  the  composition  of  the  solution  tends  towards  that  represented 
by  the  point  c.  When  this  point  is  reached  Magnesium  chloride  and 
Carnallite  are  deposited  together  in  constant  proportions,  the  solution 
evaporating  to  dryness  without  further  change  of  composition.  It  will 
hence  be  obvious  that  the  point  c  is  one  of  critical  importance,  as  deiining 
the  conditions  under  which  the  ihml  crystallisation  takes  place.  It  is 
termed  by  CJcrman  workers  the.  '  JiryxfafliHatifHtH  End^u.nkt  '—  the.  ter- 
minus of  crystallisation.  The,  determination  of  such  points  is  the  object 
in  view  in  discussing  a  problem  such  as  that  afforded  by  the  Stassfurt 
deposits. 

It  is,  however,  necessary  to  make  one  more  stipulation  in  order  to 
render  the  previous  statements  universally  true  —  viz.,  that  the  regular 
sequence  of  crystallisation  may  not  be  followed  unless  the  product  which 
separates  is  periodically  removed  from  contact  with  the  solution.  If  this 
be  not  done,  secondary  action  may  take  place,  and  the  product  at  iirst 
formed  may  bo  eaten  up  again  by  the  solution.  Fur  example,  if  after 
reaching  the  point  B  the  deposited  Potassium  chloride  be  not  removed, 
on  further  concentration,  as  two  equilibrators  are  present,  the  solution  will 
evaporate  without  changing  its  composition  ;  but  as  a  large  excess  of 
Magnesium  chloride  is  present,  and  this  gradually  comes  into  operation 
as  water  is  removed,  Potassium  chloride  will  be  continually  re-dissolved 
(4'2'f)  mols.  K.jCU  per  100  niols.  Carnallite  deposited).  As  soon  us  all 
solid  Potassium  chloride  is  removed,  the  deposition  of  Carnallite  causes 
the  composition  of  the  solution  to  change  until  the  *  end-point  '  <;  is 
readied.  In  interpreting  such  diagrams,  therefore,  it  is  to  be  assumed 
that  the  products  deposited  are-  removed  from  solution  sit  the  proper 
moment.  Tt  may  be  supposed  that  this  often  takes  place  in  nature  through 
the  deposition  ot*  a.  protecting  layer  of  mud. 

C  \sKllI.  Jfari/irnrttf  Mtff  jHiira.  As  an  example  maybe  taken  the 
reciprocal  salt  pair  whk-h  is  of  greatest  importance  in  the  investigation  of 
sea  water  —  />.,  that  represented  by  the  equation 


These  salts  give  rise  to  two  double  salts,  and  at  least  two  hydrates  of 
AlgSO|  have  to  be  considered  ;  therefore  it  is  necessary  1o  determine  the 
composition  of  the  saturated  solutions  of  the  stable  combinations  of  seven 
substances,  taken 

(")  Kingly, 

(It)  Iii  pairs, 

(c)  Three  at  a  time. 

The  table  on  page  270  shows  the  composition  of  the  various  solu- 
tions fulfilling  the  conditions  of  equilibrium. 

Considering  the  table  in  detail,  in  the  case  of  solutions  saturated 
with  a  single  salt  it  is  only  necessary  to  point  out  that  the  Potassium 
chloride  is  expressed  in  double  molecules,  as  a  system  of  equivalent  nota- 
tion must  be  used.  The  meaning  of  theligures  appended  to  the  solutions 
saturated  with  two  salts  is  in  most  cases  at  once  apparent,  but  the  solution 
H  requires  a  few  words  of  explanation,  as  the  equilibrators  in  this  case 
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are  not  the  only  necessary  constituents.  The  simultaneous  existence  of 
the  two  hydrates  of  Magnesium  sulphate,  as  already  pointed  out,  is  only 
possible  when  the  solution  contains,  in  addition,  a  certain  proportion  of 
Magnesium  chloride— viz.,  73  molecules,  the  determination  of  which  is  the 
outcome  of  tentative  trials. 


At  25°  1000  molecules  H>O  dissolve 

Solutions  saturated  with  a  single  salt : 

A.  KC1 

B.  K2S04 

C.  MgSO,.7lT.,O 

D.  Mg012.6H.;b 

Solutions  saturated  with  two  salts  : 

E.  KC1,  K.HO, 

F.  K,K04,K,Mg(80l)sr>ILO     . 

G.  KjMg(S04).,  GH7O,  MgSO,.7H.,O   . 
H.  M.  *0,  71  r  nf  MgSO,  (JH  ,O  .  "      . 
J.   M „-<>.•  ll"«».  MgCla«JJI,0    . 

K.  MgClr6H,0,  Mu KH ,  r,l  f  O  . 
L   MgKUls.6H,0,  K.01      .    "    . 
Solutions  saturated  with  three  salts : 
N.  KC1,  K2S04,  K0Mg(SOt) ,  till/)     . 
K  KC1,  K.,Ms(Sd4),.6H.,0,"MgS()l.7JEr.,0  . 
P.  KOI,  MfrSOt.7H,.Of  ^IgSO,  6H..O  . 
Q.  KC1,  MgS04.«H",O,  MgKC  M ,  OH ,() 
K.  Mg804  6HoO,  MgKClj.till  .0, 
MgCl.,6H.,0       .        .     "  . 


Molecules 
i  K.C1..    K, SO, 'MgSO, 
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70 
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Turning  to  solutions  saturated  in  presence  of  three  equilibrators,  a 
difficulty  arises  in  expressing  the  composition  of  the  solution,  as  chemical 
analysis  only  gives  a  measure  of  the  amount  of  the  various  radicles  pre- 
sent, and  affords  no  information  whatever  as  to  the  nature  of  the  salts 
present  and  their  relative  amounts — i.e.,  apart  from  hypothesis  nothing  is 
known  as  to  the  ktate  in  which  salts  exist  in  solution.  As  in  practice  tho 
solution  is  saturated  in  presence  of  three  known  salts,  its  constitution  is 
most  rationally  represented  by  expressing  the  analytical  results  as  much  as 
possible  in  terms  of  these.  However,  bearing  in  mind  the  equation  for  a 
reciprocal  salt  pair,  and  the  fact  that  the  constitution  of  a  solution  is 
expressed  in  molecular  proportions,  a  little  consideration  shows  that  it  is 
of  minor  importance  how  the  composition  of  the  solution  is  expressed, 
the  important  fact  being  that,  when  saturated  in  presence  of  three  known 
substances,  it  has  a  definite  chemical  composition.  The  tables  printed 
above  shows  the  composition  of  the  sixteen  saturated  solutions  which 
can  be  made  by  using  one  or  more  of  the  equilibrators  derivable  from  the 
reciprocal  salt  pair.  Geometrically,  there  are  many  possible  ways  of 
Hr;i|»hii'illy  representing  such  a  set  of  results — that  chosen  by  van't  JIoll1 
practically  involves  plotting  the  four  salts  on  axes  at  right  angles  to  each 
other  in  such  a  manner  that  reciprocal  salts  are  measured  in  opposite  direc- 
tions on  the  same  axis.  In  such  a  diagram  (fig.  3)  the  solutions  saturated 
-with  a  single  salt  are  represented  by  points  on  the  axes,  all  other  saturated 
solutions  giving  points  between  the  axes.  Thu«i,  the  points  A,  B,  <J,  and 
p  fall  on  the  four  axes,  whilst  a  point  E  representing  tho  solution  saturated 
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in  presence  of  KG1  and   K/S04  is   plotted   42  units   along  the  K2C12 
axis  (to  the  right)  and  1  "5  unit  along  the  K$O4  axis  (downwards). 

Turning  to  tho  point  M  (1000H.O  +  25KJCl2  +  llMgSO1  +  21MgCl2), 
and  similar  points  representing  solutions  saturated  in  presence  of  three 
equtlibrators,  and  bearing  in  mind  the  fact  that  the  composition  of  the 
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solution  cannot  be  oxprossed  in  terms  of  less  than  throe  salts,  it  is  obvious 
that  a  correct  geometric  representation  can  only  be  obtained  by  the  use  of 
three  co-ordinates.  The  method  chosen  has  been  to  plot  the  reciprocal  salt 
pairs  on  axes  at  right  angles  in  a  plane,  and  the  total  number  of  molecules 
in  solution  on  a  third  axis  vertically  upwards  from  this  plane.  The  sur- 
faces passing  through  points  in  space  thus  obtained  represent  areas  within 
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which  the  solutions  are  saturated  with  a  given  substance.  By  joining  tho 
points  in  the  horizontal  plane,  areas  are  obtained  which  represent  in 
plan  the  surfaces  in  space  just  referred  to. 

To  plot  the  horizontal  plan  some  thought  is  necessary,  as  there  are 
three  salts  to  be  represented  on  two  axes  and  therefore  one,  of  the  salts 
must  be  eliminated.  In  the  ja^e  under  consideration,  in  which  Magnesium 
chloride  and  Potassium  sulphate  are  the  reciprocal  salts  on  the  one  axis,  to 
plot  Magnesium  chloride,  Potassium  sulphate  must  be  eliminated.  This 
is  already  done  in  the  case  in  question  in  calculating  out  the  results  given  in 
the  table  on  p.  270  ;  therefore  it  suffices  to  measure  oft1  twenty-one  MgCM, 
units  upwards  from  the  origin.  As  Potassium  chloride  and  Magnesium 
sulphate  are  the  reciprocal  salts  represented  on  the  second  axis,  to  plot 
Potassium  chloride,  Magnesium  sulphate  must  bo  eliminated,  or  vice  <v/vwf. 
To  do  this,  it  is  only  necessary  to  bear  in  mind  that 


which,  assuming  the  SO,  to  be  present  wholly  ay  K^SOj,  in  order  to  elimi- 
nate MgSOj,  gives 

1  1  K  ,«>!  +  1  J  K.C1  ,+  P,2 


Therefore  fourteen  units  of  Potassium  chloride  arc  measured  off  on  the 
K2C12  axis  from  the  origin.  Ji\  practice  the  straightforward  geometric 
method  needs  only  to  l>u  followed,  and  the  number  o£  molecules  of  the 
one  salt,  less  the  number  of  molecules  of  its  reciprocal,  may  be  measured 
off  on  the  one  axis,  the  value  deduced  from  the  <•  n'\-"*\>n\u]\\\^  pair  being 
measured  off  on  the  other.  The  live,  points  .M,  x,  p,  <j,  and  11,  when  so 
plotted,  fall  inside  the  framework,  and  to  complete,  the  diagram  are  joined 
to  one  another,  or  to  the  appropriate  points  on  the  framework--  i.r.,  to  those 
representing  solutions  saturated  in  presence  of  two  of  the  three  equilibra- 
tors  present  at  the  particular  point  inside  the  diagram.  Thus  the  point 
M,  representing  a  solution  .saturated  in  presence  of  KC1,  K,S(),,  and 
Schonite,  is  joined  to  the  points  K,  representing  a  solution  saturated  in 
presence  of  KC1  and  K2»SO,,  and  F,  representing  a  solution  saturated  in 
presence  of  K2SO4  and  JSchonite,  but  not  to  either  <;  or  L,  as  these  represent 
solutions  saturated  in  presence  of  only  one  of  the  three  equilibrators.  The 
lines  divide  the  diagram  into  areas  or  fields,  each  field  representing  a 
solution  saturated  with  but  one  salt  in  presence  of  varying  quantities  of 
other  salts. 

To  complete  the  graphic  representation,  ordinatos  are  erected  at  each 
point  of  equilibrium  representing  the  total  number  of  molecules  in  solu- 
tion. The  surfaces  touching  the  extremities  of  these  ordiiKites  represent 
the  various  saturated  fields. 

To  complete  the  model  it  is  necessary  to  join  the  origin,  Oj  by  triangular 
surfaces  to  each  of  the  marginal  points,  A—  L  ;  the  hollow  surface  so 
formed  is  the  true  base  of  the  model.  Fig.  4  is  reproduced  from  a  photo- 
graph of  a  rough  cardboard  model  so  constructed.  The  model  is  supported 
in  its  true  position  on  the  plane  diagram  by  cardboard  sheets  which 
represent  the  vertical  co-ordinates  at  all  points  on  the  outer  eclgea  of  the 
diagram. 

In  interpreting  the  model  it  is  to  be  noted  that  points  within  the 
solid  represent  the  compositions  of  all  possible  solutions.  Points  within 
the  fields  on  the  upper  surfaces  represent  solutions  saturated  with  one, 
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Whilst  points  lying  on  edges  other  thari  those  at  the  margin  represent 
solutions  saturated  with  two,  and  the  angular  points  solutions  saturated 
with  three  equilibrators.  On  account,  however,  of  the  number  of  marginal 
points  to  each  field — in  no  case  fewer  than  four — the  upper  surfaces 

FIG.  4. 


Model  of  Solutions  derived  from  the  Reciprocal  Suit  1'air  Mg 

cannot  be  represented  by  single  planes,  and  the  information  at  present 
available  is  not  sufficient  to  determine  their  character ;  they  are  therefore 
not  introduced  into  the  model.1 

1  To  construct  the  model,  the  lengths  of  the  edges  terminating  at  o  are  calcu 
lated  from  the  co-ordinates  of  the  marginal  angular  points — each  length  being 
+/x'*  +  y*  -}---,  where  .r,  ?/,  and  *  are  the  co-ordinates  of  the  points  considered — whilst 
the  lengths  of  the  other  edges  are  best  found  by  graphical  construction.  The 
triangles  forming  the  hollow  base  are  then  drawn  and  cut  out,  in  one  piece  from 
a  sheet  of  stiff  cardboard  which  is  then  bent  round  and  fastened  in  position  by  a 
strip  of  tough  paper  gummed  along  the  edge.  The  edges  of  the  upper  surfaces  are 
1901.  T 
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In  working  backwards  it  must  be  borne  in  mind  that  a  diagram  such 
as  lig.  3  is  not  alone  sufficient  to  give  complete  information  about  a 
reciprocal  salt  pair.  Only  two  of  the  three  values  required  can  be  deduced 
from  it  ;  to  obtain  the  third,  either  the  model  must  bo  used,  or  a  table 
showing  the  composition  of  the  various  saturated  solutions,  such  as  that 
on  page  270,  must  be  referred  to. 

Thus,  assuming  the  composition  of  a  solution  to  be  that  represented  at 
M  in  diii  £rn  m.  fig.  3,  it  is  obvious  that  the  'plane'  co-ordinate  values  are 
21Mg(Jl2  -i-  1  4K2C12.  On  reference  to  the  model  or  table  it  is  seen,  however, 
that  solution  M  contains,  when  saturated,  57  molecules  of  dissolved 
salt  ;  therefore  the  number  of  other  molecules  present  is  57  —  (2  1  +  1  4)  =  22. 
But  it  is  to  be  remembered  that  these  consist  of  two  reciprocal  salts,  and 
that  in  constructing  the  diagram  one  member  of  the  pair  was  equated 
against  the  other,  so  that  only  half  the  22  molecules  in  solution  are  to  be 
regarded  as  present  as  sulphate  —  in  this  case  MgS04  —  and  the  remaining 
11  molecules  are  consideied  to  be  molecules  of  KoCl2,  and  are  added  to 
the  number  of  molecules  read  off  from  the  diagram.  The  constitution  of 
the  solution  at  M  is  therefore  : 


Before  passing  to  the  consideration  of  the  diagram  thus  constructed  ,  it 
is  necessary  to  realise  that  the  points  of  equilibrium  situated  on  the 
margin  are  not  all  of  the  same  order  of  stability.  In  cases  in  which 
double  salts  are  formed,  the  deposition  of  the  double  salt  necessarily 
follows,  but  never  attends,  that  of  the  less  soluble  constituent.  That  this 
should  be  the  case  is  obvious  when  it  is  borne  in  mind  that,  as  water  is 
removed,  the  more  soluble  constituent  —  the  action  of  which  is  more  or  less 
impeded  by  the  water-  -is  able  to  combine  with  the  less  soluble  to  form  a 
further  quantity  of  double  salt.  The  same  argument  applies  to  hydrates  : 
as  water  is  removed  from  the  solution  the  other  salts  present  gradually 
assert  a  dehydrating  effect. 

The  points  F,  H,  L  on  the  diagram  are  casos  of  this  kind,  and  therefore 
they  are  united  by  dotted  instead  of  by  full  lines  to  the  appropriate  points 
within  the  diagram.  In  indicating  the  direction  in  which  crystallisation 
proceeds  arrows  are  therefore  drawn  through,  and  not  towards,  these  points. 

To  illustrate  the  way  in  which  the  diagram  is  read  several  cases  may 
be  taken. 

At  B  the  solution  contains  only  Potassium  sulphate.  At  a  point  on 
B  E  a  little  to  the  right  of  B  there  is  a  small  amount  of  chloride  present  ;  on 
evaporating  such  a  solution  change  proceeds  along  the  line  B  is,  Potassium 
sulphate  alone  separating  until  the  point  E  is  reached,  when  Potassium 
chloride  will  also  be  deposited.  The  solution  will  then  dry  up  without 
iln'.szirsr  :t«  composition. 

>:'•  .'•  •!!•';.  ,  starting  from  a  point  x  a  little  to  the  right  of  B,  but  a  little 
above  B  E  and  within  the  Potassium  sulphite  field,  the  truck  followed  will 
be  along  a  line  B  x  produced,  until  E  M  is  reached,  whicli  then  becomes 
the  track. 

It  may  not  be  superfluous  to  add  that  the  track  followed  from  any 
point  x  within  the  diagram  is  always  along  a  lino  drawn  through  x  from 
the  point  at  which  the  field  is  saturated  with  its  characteristic  salt. 

represented  by  narrow  strips  of  cardboard  of  the  required  length  ;  and  the  vertical 
ordmates  of  the  angular  points  M  to  R  are  represented  by  strips  of  cardboard  fixed 
to  the  base  of  the  model 
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On  the  other  hand — and  the  case  is  somewhat  more  complicated — at  a 
point  on  n  F,  a  little  to  the  left  of  B,  the  solution  contains  a  small  amount 
of  Magnesium  sulphate,  the  reciprocal  of  the  Potassium  chloride  con- 
sidered in  the  previous  case.  On  evaporating  such  a  solution,  change 
proceeds  along  the  line  B  F,  K2»SO4  separating  as  before  until  the  point  P 
is  reached.  The  character  of  the  subsequent  change  will  be  determined 
by  the  presence  or  absence  of  Potassium  sulphate  :  if  it  be  removed, 
crystallisation  proceeds  along  F  o  ;  but  if  it  be  left  in  contact  with  the 
solution  Schonite  is  continually  deposited,  the  composition  of  the  liquid 
remaining  unchanged  until  the  whole  of  the  Potassium  sulphate  originally 
deposited  is  redissolved  by  the  excess  of  the  Magnesium  sulphate  in  the 
solution.  Only  then  will  crystallisation  proceed  along  F  G,  and  when  r;  is 
reached  the  liquid  will  dry  up  without  further  change  in  composition. 

Starting  within  the  diagram,  again  in  the  K2SO4  iield — say  frum  a 
point  Y,  a  little  to  the  left  of  i*  and  a  little  above  B  F — the  track  followed 
will  be  along  the  line  B  Y  produced  until  F  M  is  reached  at  a  point/?//.  If 
the  Potassium  sulphate  be  then  removed,  the  Schonite  field  is  entered. 
To  determine  the  course  followed  across  this,  it  is  to  be  noted  that  the 
point  at  which  Schonite  alone  is  present  in  a  saturated  solution  must  be 
taken  as  the  origin.  To  deduce  this  we  have  to  boar  in  mind  that  the 
line  CSF  represents  the  manner  in  which  the  solubility  of  Schonite  varies 
as  the  proportions  of  Magnesium  and  Potassium  sulphates  vary ;  there- 
fore the  theoretical  solubility  of  Schonite  alone — i.e.,  when  there  is  110 
excess  of  either  of  the  single  salts  present — is  at  a  point  F'  on  o  F  produced 
equidistant  from  the  two  axes  on  which  the  separate  salts  are  plotted — 
t.f.,  on  the  line  bisecting  the  angle  BOO. 

The  track  followed  across  the  Schonite,  field  will  therefore  be  in  the 
direction  v'fm  produced.  When  M  N  is  reached  Potassium  chloride  will 
separate.  It  will  bo  obvious  that  to  reach  the  MgSOj.TH.A)  iield  it  would 
be  necessary  to  have  but  little  chloride  present. 

Beyond  x  Schonite  gives  way  to  Magnesium  sulphate  heptahydrate, 
which  is  deposited  together  with  Potassium  chloride  until  p  is  reached. 
From  P,  after  removal  of  the  heptahydrate,  change  would  proceed  through 
Q  to  K.  It  is  obvious  that  it  would  not  occur  along  P  n,  as  continued 
concentration  would  involve  the  con  version  of  the  heptahydrato  into 
hexaliydrate,  and  would  therefore  merely  condition  a  lag  in  the  crystal- 
lisation, supposing  the  hrptalisdrair  were  not  removed.  In  like  uiJinner 
change  would  not  proeeed  along  Q  L,  as  concentration  would  involve  a 
gradual  eon  version  of  unremoved  Potassium  chloride  into  Carnallite.  At 
B  the  solution  would  dry  up  unchanged  in  composition. 

As  a  proof  of  the.  correctness  of  this  method  of  interpreting  the 
diagram,  the,  results  may  be  quoted  which  were  obtained  by  van't  HolT  on 
concentrating  a  solution  of  equal  molecular  quantities  of  Potassium 
sulphate  and  Magnesium  chloride,  i.«.,  174'3  gin.  K^SOj-KJ'JS'-l  gm  MgCl2 
6H2O.  The  use  of  such  a  solution  is  equivalent  to  starting  in  the  plane 
diagram  from  the  origin,  as  the  geometric  con vi-ution  followed  involves  one 
of  the  salts  being  represented  as  a  negative  quantity  of  its  reciprocal. 
AM  the  origin  lies  within  the  Iv,SOt  field,  the  diagram  shows  that  K2S04 
will  be  the  first  salt  to  separate, "and  that  concentration  will  proceed  along 
the  Magnesium  chloride  axis  until  the  Schonito  boundary  is  reached  ;  the 
separation  of  Schonite  will  then  set  in.  Provided  the  Potassium  sulphate 
be  not  removed,  the  course  of  change  will  now  bo  along  F  M  to  M  ;  when 
this  is  reached  the  deposition  of  Potassium  chloride  begins. 

T2 
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In  the  actual  experiment  the  solution  was  slowly  evapdr'ated  at  25a, 
The  deposit  was  frequently  examined  with  the  microscope.  At  iirst  only 
Potassium  sulphate  crystallised,  out,  but  subsequently  this  was  mixed  with 
Schonite.  As  soon  as  the  separation  of  Potassium  chloride  was  observed 
to  take  place  the  deposited  salts  were  removed  and  analysed.  The 
amounts  found  were  :  — 

25  gins.  K2S04 
120  gms.  K2Mg(SO4)2.GH20. 

The  amount  of  the  two  salts  that  should  be  deposited  from  such  a  solu- 
tion may  be  calculated  as  follows  :  — 

At  the  origin  the  solution  has  the  composition 

K2SO4  +  MgCl2  +  aH  A 
from  which  is  deposited 

a?K2S04  +y.K2Mg(S04)2.6H  A 
whilst  w  parts  of  solution  of  the  composition  represented  at  M  remain  —i.e.f 

Thus 


Collecting  and  equating  the  coefficients  of  the  various  radicles,  the* 
values  of  x>  y,  and  w  are  determined. 

Thus 

C12  l:=(25  +  21)w  /.  w=  \. 

Mg  I=y  +  (21  +  ll)z0 

i      32  .7 

l-i6-y  ,.y=^ 

K2  1=^^ 


1     7  _25~         — 7 

23     46~*  "  X~*6 

The  K2SO,  deposited  is  thus    '    of  the  molecule,  {.«.,  =   f    x!74-:J 

46  4(> 

s=26'5  gms.  ;   whilst  the  Schonite  is  Jt  of   the  molecule,  i.-?.,   ^  x  422'8 

=122*6  gms.,  which  values  agree  closely  with  those  found  by  experiment. 
In  following  the  course  of  change,  with  the  aid  of  the  model,  it  is 
noticeable  that  although,  as  a  rule,  concentration  proceeds  along  an 
upward  slope,  this  is  not  invariably  the  case.  Thus,  whereas  on  passing 
from  B  to  F,  and  from  F  to  o,  the  slope  is  upwards,  from  a  to  o  the  slope 
its  downwards  ;  a  slight  confusion  is  thereby  introduced.  It  is  to  be 
expected  that  as  concentration  proceeds  the  proportion  of  molecules  of 
dissolved  salt  to  water  molecules  should  steadily  increase  ;  and  as  the 
vertical  ordinates  represent  the  number  of  dissolved  molecules,  it  would 
s-eem  that  the  number  of  molecules  in  the  saturated  solution  of  M.iirr.o-iriin 
sulphate  is  greater  than  in  the  solution  saturated  with  M •!..•.•  ••  imi 
sulphate  and  Schonite.  If,  however,  it  be  assumed  that  at  c  a  larger  pro- 
portion of  the  Magnesium  sulphate  molecules  are  present  in  the  form 
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of  complexes  (MgSO,),,  than  is  the  case  at  r;  where  the  solution  is 
saturated  with  both  Magnesium  sulphate  and  Schonite,  the  discrepancy 
disappears  ;  and,  if  the  necessary  correction  could  be  made  arid  the 
vertical  ordinate  at  c  lowered  accordii?  jly,  the  model  would  afford  a  more 
uniform  indication  of  the  direction  of  change. 

Obviously  the  conditions  in  solution  are  complex,  especially  when  several 
salts  are  present  ;  and  the  only  phase  in  which  the  alteration  is  of  the 
same  character  throughout  is  that  which  has  hitherto  been  left  unnoticed — 
viz.,  the  vapour  phase.  As  concentration  proceeds,  and  the  dissolved  salt 
more  and  more  asserts  a  mastery  over  the  water  molecules,  the  vapour 
pressure  necessarily  diminishes — saturation  with  each  salt  corresponding 
to  a  particular  vapour  pressure.  From  this  point  of  view  as  the  vapour 
pressure  at  n  (2'2'2  mm.)  and  that  at  c  (20'9  mm.)  exceeds  that  at 
o  (20'4  mm.),  there  is  clear  evidence  th.it  the  proportion  of  dissolved 
molecules  at  (t  exceeds  that  at  c,  and  that  the  separation  takes  place 
towards  u  from  both  B  and  c.  A  model  may  be  constructed  which 
affords  a  clear  representation  of  the  order  in  which  the  separations  occur 
if  the  differences  between  the  vapour  pressures  of  the  various  saturated 
solutions  in  presence  of  their  equilibrators  and  the  vapour  pressure  of 
water  (23 '5 2  mm.)  be  taken  as  vertical  ordinates.  The  model  thus  con- 
structed brings  into  prominence  the  fact  that  the  separation  of  salts  from 
solution  always  occurs  along  slopes  tending  in  one  direction,  .and  may  be 
regarded  as  a  corrected  form  of  the  model  previously  considered. 

The  character  of  this  correction  is  shown  in  tig.  -I  by  a  thick  lino 
drawn  round  the  model  at  the  required  height.  The  highest  point  in  the 
corrected  model  is  of  course  the  end-point  R,  and  the  new  \ertical  scale 
has  therefore  been  fixed  by  taking  the  ordinate  of  R  to  represent  the 
maximum  vapour  pressure  dillerenee.  The  following  table  gives  tho 
necessary  data  : — 


Solution  saturated  \\ith 


Vapour         23'.V2  -Vapour 


A  KC'l    . 

11  K,,S(), 

1)  Mgl'ljfi 

E  KC1,  K.,S04 

K  K.SO/ 

G  K"Mg(.SO~).j»H.,nY 


ii 


j    L      MtfK(V*HA  KOI     . 

1  N  !  KOI,'  K^Mg(sc),)«.r»u..of "MKSO.JILO 

P  '  KC1,  MgSO4.7H,(),  M'lrSO.riT  n  "  . 
Q  KC1.  MgSO4.6II.]O,  M.:K<V,il  •>  . 
11  j  MgSO,.C.H.,O,  MgKClr«lI2Of  MgCL  <>R.,0 


HI-2 


1!) 

21-1; 

L'04 
1'J 


12  7 

is 

i:*-7 

12 
11-9 


2-r, 

i.vs 

4-r> 


11-3 

1  1;  o 
i:>!) 

10  s 


11-3 
11  -i\ 
HJ-2 


CASE  TV.  —  A  reciprocal  salt  pair  -f  Sodium  chloride.  It  is 
desirable  to  take  this  case  into  account  as  bearing  011  tho  problem 
of  the  crystallisation  of  salts  from  sea  water.  In  sea  water  Sodium 
chloride  is  present  in  large  excess  in  comparison  with  the  other 
salts,  and  therefore  is  always  in  solution  with  the  other  salts  at  every 
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stage  in  the  process  of  concentration  so  long  as  its  presence  is  compatible 
with  that  of  the  other  salts  ;  moreover,  it  continually  separates,  and  in 
the  natural  deposits  always  accompanies  the  other  salts. 

In  representing  the  behaviour  of  solutions  containing,  in  addition  to 
Sodium  chloride,  Magnesium  sulphate  and  Potassium  chloride— the  salts 
present  in  the  case  previously  considered — to  construct  a  diagram,  as  tho 


FIG.  5. 


composition  of  such  a  solution  cannot  bo  expressed  in  terms  of  fewer  than 
four  salts,  a  fourth  dimension  would  need  to  be  introduced  were  it  not 
that,  as  Sodium  chloride  is  always  present,  it  may  be  represented  in  the 
form  of  a  sheet  of  varying  thickness  spread  over  the  upper  surface  of  tho 
model  representing  the  composition  of  the  various  solutions  in  terms  of 
the  other  salts  present ;  to  construct  this  sheet  the  number  of  molecules 


APPLICATION  OF  EQUILIBRIUM   LAW  TO   SEPARATION   OF  CRYSTALS.    279 


of  Na.2CJ2  are  measured  off  above  this  surface  on  the  axis  drawn  from  the 
origin  at  right  angles  to  tho  plane  of  the  paper.  The  shaded  area  in 
fig.  5  gives  a  picture  of  tiie  thickness  of  the  salt  sheet  above  the  various 
fields  in  relation  to  the  number  of  molecules  of  other  salts  present  in  the 
solutions. 

The  data  required  for  the  construction  of  a  diagram  and  model  repre- 
senting the  behaviour  of  tho  solutions  under  consideration  are  obtained 
by  determining  the  composition  of  solutions  saturated  (a)  with  Sodium 
chloride  and  one  other  salt ;  (/>)  with  Sodium  chloride  and  two  other 
salts  ;  and  (c.)  with  Sodium  chloride  and  three  other  salts.  To  ensure 
uniformity,  as  the  results  only  express  the  constitution  of  the  solutions  in 
terms  of  the  salt  radicles,  the  convention  followed  consists  in  rx pressing 
the  whole  of  the  Sodium  as  chloride,  and  if  there  be  not  sutlicient 
Chlorine  for  this  purpose  tho  excess  is  reckoned  as  sulphate  ;  the  K2, 
Mg,  Ola,  SO,  are  expressed  as  K.jCl2,  MgClg,  and  MgSO,.  The  experi- 
mental data  whic-h  have  been  accumulated  are  given  in  the  following  table, 
which  includes  the  vapour  pressures  of  tho  various  saturated  solutions. 


S:u. ii at nl  uith  N.iH  .mil 


H  0  Mnli  «'ul«  K  Wntor  dissolve 
Muli  •culi'i 


N.i.Cl     KjCl     Mj5('l.    Mi?S<W a, SO, 


i  ! 

No.  of  No.  of 

Molf-    Mol--     Va-   ' 
iMi'i-s    culi'-     imur 
cvln-   iiK'lu-  I'n-- 

•  liny     iliiiL'     -lire- 
S'a  Cl    N.i  <'| 


Va- 
pour 


-II IV. 

-2.J-S2 


A. 

M  r(  ]  §i;u  o 

24       --       1" 

It. 

kri            !     1     '.     ! 

t1. 

N  i  *sO 

jj  j  ~           "       

K. 

Mu'Cljilf  (laml  ('iiriulhti-    . 

1                Jr       1" 

F. 

KC1  aii.l(;ins«-iitr  .... 

11         2n 

0. 

>liJH»lainl(;i:isi.nt(.     . 

\\\        ii|^ 

II. 

NXSU,  aii.l  .\-1i\ikiiiiiti- 

IB     , 

.7. 

MjrSi  \  7H  .0  aii'l  Aftrtikaiutf 

2»J 

K. 

M^'SD^ILO  nml  MtrSn4iill.ii      . 

I                       li 

N. 

Mjr("l  .Oil  o,  Al.iiriiisiiiin  -uljili.iti- 

1                      l'» 

P. 

KCI.  iilii-iTirc.  Sflnniiti* 

L1.!           1  1 

•    M 

K<'1,  Si'liiiiuti*.  Li'onili^ 

11           11           .< 

K*. 

N:i  M>4,  iJIsi-i'iiti1.  \»ii!il  mitt 

}ii             S 

S. 

(tlil-rlltr,  A^tlMk.tlillc.  Scli.t-iHc 

27\        hi*        1 

T. 

Asirnkiiintr,  Si'lmmto.  L«omto 

22"        IM 

r. 

M^S(),  711  .0,  \str.ik,uiili\  Li'iiiPti- 

1*>A          7l        1 

\  , 

K.'iiintc,  Mj.r?-<>  .7If  '  ),  Lioiiitc 

H"           7\         1 

V. 

„       '  KC1,  ill-unit.' 

\*\       "i      i 

\; 

KM,  r.nimllif 

'A          «»"        ti 

\4 

"*  i 

V 

UN  i)'  .   .*.''.    r  *\ 

34           -1            (i 

w. 

('.irniillito,     Mirrij.GIT.o.    Ma^nc- 

siuiu  suliiliut*1      .        .        .        .  , 

o    .        I      in 

Sutui.ittiil  \\ith  NuCloiilj 

—    • 

1M.J 

I'M 
12| 


211 
2U 


1 

1 

•1 
1    1 


l.VH'J 
iVt;s 


)2      IfiMMI 


1  t 

i  r 


1 1  ,VJ 
15  117 

702 
H  t',2 


71 
•»U 


si        — 


IIA* 


13 


—       i 

u;i2 


In  constructing  a  diagram  (fig.  5)  and  model  from  these  data,  as 
there  is  no  axis  on  which  Sodium  sulphate  can  be  directly  represented, 
to  expiess  the  amount  of  this  salt  present  in  the  solutions  0,  F,  G,  H,  R, 
a  lino  of  argument  is  adopted  similar  to  that  made  use  of  in  equating 
Magnesium  sulphate  with  Potassium  chloride,  in  the  case  of  the 
reciprocal  salt  pair  previously  considered.  It  is  obvious  that  we  mry 
write 


in  other  words,  Sodium  sulphate  can  bo  exju-e^eil  in  terms  of  three  other 
salts, 
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Co-ordinates 

i                       Vertical  Axis 

OX  Axis                    OYAxis 

'  No.  of  Molecules 
1  excluding  Na^Cla 

No.  of  Molecules 
including  Na«jCl3 

A 

— 

+  103 

;             103               !             305* 

B 

+  19-J 

— 

!         104 

61 

C 

-12?? 

—   12  J 

1               12i 

63A 

I) 

+    4 

+  103 

I             104                            105" 

E 

+  fi-J 

+   70* 

;               76                              78 

Y 

+  164 

—     4.\ 

1               24* 

68J 

G 

-   4 

—    14  5 

1         24  j 

69 

H 

—  111.1, 

—    ;<" 

;            j«.)4                     f,r,j          i 

J 

-:u~ 

+     7 

i               U               1               67 

K 

-12 

1               79  V 

8^4             ' 

N 

—    i> 

+  l(J2a 

107" 

108 

P 

0 

+    21  J 

i               40» 

?2?      i 

K 

-l'lJ                        -      G 

i            :52U 

722 

S 

-8             i            +    JGi 

45.} 

73 

T 

-   sj         ,         +  2:f 

52  J                            71J 

1        U 

-114                      +   42 

(58*             '               79 

'        X' 

-12                        +    4.-, 

72 

81                , 

-   5                        +   47 

71                               M)J 

v^ 

-t-   1                       4    <;s 

T\              fis 

V4                    -   7                        -f    85V 

V,        ,                 -    9                              -1-    6.V} 

82-J-             ,               K(> 

Thus,  supposing  a  solution  C  to  contain  12],  molecules  of  Sodium 
sulphate,  to  express,  its  composition,  a  point  in  space  is  plotted  by 
measuring  off  from  the  origin  1'Jl,  units  aJong  the  Magnesium  sulphate 
axis  and  —12-^-  units  along  the  Magnesium  chloride  axis  ;  -*>.,  downward 
and  therefore  along  the  Potassium  sulphate  axis.  The  point  o  on  the 
diagram  is  thus  obtained.  The  corresponding  point  on  the  model 
is  deduced  by  measuring  off  12J,-  on  the  Sodium  chloride  axis  vertically 
upwards  and  adding  51  on  account  of  the  51  molecules  of  Sodium 
chloride  supposed  to  be  present  in  the  solution  as  such. 

It  will  be  noticed  that  Magnesium  and  Potassium  sulphates  do  not 
appear  in  the  table  as  single  salts  which  can  be  used  as  cquilibrators  in 
presence  of  excess  of  Sodium  chloride,  the  reason  being  that  new  re- 
ciprocal salt  pairs  are  constituted  by  the  presence  of  the  Sodium  chloride, 
and  interactions  take  place  which  destroy  these  sulphates  ;  «.</., 

MgSO !  -J-  Naa012=NaaSO  t  +  MgCK 

The  remarkable  character  of  the  changes  brought  about  by  the 
presence  of  Sodium  chloride  will  at  once  be  obvious  on  contrasting  figs.  3 
and  5.  The  double  salts  formed  by  Magnesium  and  Potassium  sulphates 
with  Sodium  sulphate  occupy  the  lower  portions  of  the  diagram, 
Potassium  sulphate  disappearing  altogether,  and  the  area  of  the  Mag- 
nesium sulphate  field  being  much  restricted.  Moreover,  the  greater  pull 
on  the  water  molecules  exerted  by  the  soluble  Sodium  chloride  molecules 
brings  about  the  partial  dehydration  of  several  of  the  compounds 
appearing  in  diagram  3  :  causing,  for  example,  the  displacement  of  the 
greater  part  of  the  Schonite  field  by  Leonite,  MgK.J(SOJ)2.4TI,>O,  and  of 
the  MgSO , .  6H20  field  by  Kieserite.  In  addition,  a  new  double  salt, 
Kainite,  MgS04.KC1.3H8Q,  appears. 


APPLICATION  OF  EQUILIBRIUM  LAW  TO  SEPARATION  OF  CRYSTALS.    281 

Tho  order  in  which  separation  occurs  is  at  once  given  by  reference  to 
a  \apourpressure  diagram  constructed,  e.y.,  by  inserting  the  'vapour- 
pressure  difference  '  at  each  of  the  various  transition  points. 

The  Evaporation  of  Sea  Water. 

On  concentrating  sea  water — disregarding  Calcium  sulphate  on  account 
of  the  small  quantity  present-  the  first  salt  to  crystallise  out  is  Sodium 
chloride.  When  deposition  of  this  salt  sets  in,  the  solution  1ms  the  com- 
position : 

l,OOOfT,/)  47NaaCl2  I'OSK.CL  7'3CMgCla  3-57MgSO4. 

Following  the  rules  previously  given,  it  is  obvious  that  the  position  in 
space  of  tho  point  «,  which  represents  a  solution  of  this  composition,  will 
bo  3*57  —  1  •03  =  2*54  units  on  the  ox  axis  to  the  loft  of  the  origin,  7*30 
units  above  the  origin  on  the,  OY  axis,  and  1  '03  +  7'36-f  3'57  =  11-96 
units  above  the  plane. 

As  long  as  only  Sodium  chloride  is  deposited,  the  relative  proportions 
of  the  Potassium  and  Magnesium  salts  remain  unchanged,  and  only  the 
amount  of  these  salts  present  relatively  to  tho  water  increases.  Such  a 
change  is  expressed  in  a  model  constructed  in  the  manner  previously 
described  by  motion  along  a  line  joining  the  origin  to  a,  away  from  o.  To 
ascertain  what  salt  will  separate  next,  the  point  a£  which  this  line  ulti- 
mately cuts  the  upper  surface  of  the  model  must  be  determined.  When 
tin's  is  established  with  the  aid  of  the  model,  it  is  found  to  lie  in  the 
"Magnesium  sulphate  (MgH()..71l  O)  Held.  Hence  it  follows  that  further 
concentration  ultimately  causes  the  separation  of  Magnesium  sulphate.- 
together  with  Sodium  chloride,  and  the  course  followed  on  evaporation 
will  be  across  tho.  Magnesium  sulphate*  field,  away  fiom  the  hypothetical 
point  representing  tho  solution  saturated  only  with  Magnesium  sulphate 
and  Sodium  chloride.  This  point-  must  be  on  the  Magnesium  sulphate 
axis  as  well  as  on  the  line  iu  (representing  the  change  in  composition  of 
a  solution  sat ura ted  with  Magnesium  sulphate  and  Sodium  chloride  as  the 
amount  of  Magnesium  chloride  varies),  and  will  obviously  fall  at  their 
point  of  intersection,  j'.  Supposing  the  Magnesium  sulphate  field  to 
have  been  cut  at  a  point  /?,  the  path  followed  on  concentrating  the  solu- 
tion will  be.  along  .T'/>  produced,  until  the  next  Held  is  entered.  Jn  a 
similar  manner,  the  subsequent  course  is  traceable  until  the  point  >v  is 
reached.  As  a  matter  of  fact,  some  uncertainty  exists  ns  to  the  exact 
course,  of  crystallisation,  as  tho  investigation  of  Lconite,  Kainite,  and 
Ki  >seritc  is  not  yet  complete. 

The  order  in  which  the  salts  are  deposited  is  probably  as  follows  : — 

(1)  NnCl;  (2)  NaCl  and  MgSO^TT.O  ;  (3)  Nad  and  Loonite  ; 
(4)  NaCl,  Leonite,  and  KC1,  or  NaCl  and  Kainite  ;  (5)  NaCl,  Kieserite, 
and  Carnallite  ;  (6)  NaCl,  Kieserite,  Carnallite,  MgCl*.GlI2O,  the  solution 
then  diying  up  without  further  change. 

Not  only  does  the  succession  thus  indicated  agree  with  that  actually 
found  experimentally  on  evaporating  sea  water  at  -5°,  but  also  very  fairly 
with  the  geological  succession  as  observed  at  Stassfurt.  Thus  the  lowest 
deposits  of  rock  salt  represent  stage  1,  the  overlying  Kieserite  and 
Kainite  beds  stages  2,  3,  and  4,  and  the  uppermost  Carnallite  region 
stages  5  and  6. 

J3ut  although  it  is  clear  frorp  the  general  agreement  of  the 
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obtained  in  the  laboratory  with  the  observation  made  at  Stassfurt  that 
the  temperature  at  which  the  beds  were  deposited  was  not  far  removed 
from  25°,  it  was  possibly  somewhat  higher,  as  the  proportion  of  Kainite, 
and  especially  of  Kieserite,  obtained  in.  the  laboratory  is  somewhat  lower 
than  that  met  with  in  nature.  Moreover,  whereas  at  Stassfurt  Calcium 
sulphate  occurs  in  the  anhydrous  form,  in  the  laboratory  it  has  not  been 
obtained  in  this  form  below  32°, 

The  foregoing  account  has  been  compiled  from  a  series  of  twenty-three 
papers  by  van't  Hoff  and  his  pupils,  published  since  the  year  1897  in  the 
1  Proceedings  of  the  Berlin  Academy  of  Sciences/  Apart  from  these  and 
the  information  given  by  van't  Hoff  in  his  text-books,  there  are  only  two 
other  papers  bearing  on  the  subject — one  by  van  der  Heide  ('  Zeit,  Phys. 
Chem.'  12,  116),  the  other  by  Lowenherz  (ibid.,  13,  159). 


Keish  Caves,  co.  8li<jo. — Lite  rim  Report  of  the  Committee,  consisting  of 
Dr.  I{.  F.  SCIIARFF  (CJ<"irnian),  Mr.  R.  LL.  PJRAEGEK  (tfccr<>turi/). 
Mr.  G.  COFFEY,  Professor  A.  (1.  COLE,  Professor  I).  J.  CUNNING- 
HAM, Mr.  A.  McHENRY,  <m*l  Mr.  R.  J.  VSSHKK,  anointed  in  Hr^lore 
Jrls/t  Cares. 

THE  Committee  selected  for  the  first  operations  a  series  of  caves  on  the 
slopes  of  Keishcorran  Mountain  in  the  county  of  Sligo.  Owing  to  the 
unsettled  state  of  the  weather,  the  excavation  of  the  caves  could  not  be 
commenced  until  the  middle  of  May  1901,  though  a  preliminary  survey 
was  made  early  in  April  by  Dr.  Scharffand  Mr.  Praeger. 

After  careful  measurements  were  taken  a  deep  trench  was  dug  across 
the  mouth  of  one  of  the  caves,  so  as  to  expose  a  section  of  the  various 
deposits,  which  were  as  follows  from  above  downwards  : — 

1.  Black   earth,  containing  bones   of  domestic   animals,  charcoal,  and 
human  implements  (similar  to  those  found  in  Cr,'innog<\>),  with  a  depth  of 
from  G  inches  to  1  foot. 

2.  Breccia ,  consisting  of  limestone  blocks   fallen   from   the  roof  in  a 
tufaceous  deposit.    This  appeared  as  a  natural  arch  in  the  section  \arying 
from  1  foot  in  the  centre  to  3  feet  at  the  sides,  and  contained  numerous 
remains  of  land  shells  and  bones  of  small  mammals. 

3.  Brown  day,  containing  large,   blocks  of  limestone  and  numerous 
bones  of  small  and  a  few  of  large  mammals.     At  a  depth  of  6  feet  from 
the  surface  a  much  waterworn  block  of  limestone  was  found,  indicating 
proximity  to  the  Hoor  of  the  cave. 

As  the  excavation  in  this  cave  was  carried  to  the  interior  it  became 
unpromising  and  unsatisfactory  owing  to  the  difficulty  of  removing  the 
large  masses  of  limestone.  It  was  therefore  decided  to  abandon  it- 
Datum  levels  having  been  carefully  marked  on  the  sides  of  the  cave,  it 
will  be  possible  to  resume  work  and  complete  the  excavation  should  the 
results  obtained  in  the  other  caves  render  it  desirable. 

A  second  cave  was  then  opened  in  a  similar  manner,  proceeding  from 
the  mouth  inward,  with  very  satisfactory  results  so  far.  Dr.  ScharfF, 
Mr.  Coffey,  and  Professor  Cole  having  had  to  return  to  town,  Mr.  [Tssher 
was  left  in  charge  of  the  work,  and  reports  that  the  upper  stratum  of  this 
cave  contained  much  charcoal  and  bones  of  domestic  animals— broken  for 
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the  marrow — and  a  red  deer's  antler.  With  these  were  associated  a  stone 
celt,  bronze  pins,  and  portion  of  an  iron  saw  of  ancient  pattern.  Beneath 
the  above  another  stratum,  consisting  of  cave-earth,  was  found,  in  which 
were  various  remains  of  bear  and  deer,  besides  human  teeth  and  charcoal. 
The  Committee  therefore  feel  justified  in  continuing  the  excavations, 
and  cask  for  reappointment.  The  collections  have  been  deposited  in  the 
Dublin  Museum,  and  are  at  present  being  worked  out  by  the  staff. 


Erratic  Blocks  of  the  British  Isles. — Report  of  the  Committee,  consisting 
of  Mr.  J.  K.  MARK  {Chairman},  Mr.  V.  F.  KENDALL  (Secre- 
tary), Professor  T.  H.  BONNEY,  Mr.  C.  K  DERANGE,  Professor 
W.  J.  HOLLAS,  Mr.  11.  H.  TIDDEMAN,  Rev.  S.  N.  HARRISON, 
Mr.  J.  HORNE,  Mr.  F.  M.  BURTON,  Mr.  J.  LOMAS,  Mr.  A.  R. 
DWERRYHOUSE,  Mr.  J.  W.  STATHER,  mid  Mr.  W.  T.  TUCKER, 
appointed  to  invrxtitjutr  the  Hmttiv  Ttlocks  of  the  British  Islrs,  and 
to  t<tl:e  measures  for  their  jHVuerratlon.  (JDrairn  up  Inj  the  Secre- 
tary.) 

THE  major  proportion  of  the  records  for  inclusion  in  this  report  relates  to 
Yorkshire,  where  an  active  organisation  exists  with  working  members  in 
all  parts  of  the  county,  but  especially  in  the  East  Riding,  where  the 
members  of  the  Hull  (Geological  Society  are  doing  admirable  systematic 
work.  Tn  furtherance  of  the  objects  of  the  Yorkshire  Boulder  Committee 
an  excursion  to  the  Lake  District  was  arranged  by  the  Yorkshire  Geo- 
logical and  Polytechnic  Society.  The  area  chosen  for  study  was  the  country 
round  Keswick,  which  is  so  rich  in  rocks  of  pronounced  petrological 
characters  which  might  be  expected  to  have  travelled  over  into  Yorkshire. 
The  iniluence  of  this  excursion  is  at  once  to  be  seen  in  the  records  of 
erratics  which  have  already  been  recognised.  The  peculiar  rocks  of 
Kycott  Hill  and  Carrock  Fell  have  been  found  at  Pimlington,  and  a  well 
characterised  volcanic  breccia  occurring  as  boulders  on  Dimmail  liaise  has 
been  found  at  Hornsea,  along  with  a  specimen  of  the  well  known  Arm- 
both  Dyke. 

A  striated  surface  discovered  on  the  southern  slope  of  Skiddaw 
has  been  reported  to  the  Committee  as  the  only  convenient  method  of 
recording  an  isolated  but  valuable  observation. 

The  reports  from  the  coast  tract  of  Yorkshire  continue  to  yield  new 
stations  for  the  very  characteristic  Norwegian  Ivhomb-porphyrics  and 
Elirolite-syenit.es.  The  visit  paid  by  the  geologists  of  Yorkshire  to  the 
Cheviots  and  some  of  its  results  were  commented  upon  in  the  last  report 
of  this  Committee.  Two  facts  stand  out  in  the  present  series  of  records, 
in  the  light  of  a  more  intimate  acquaintance  with  the  Cheviot,  rocks.  While 
we  find  that  many  observers  note  the  great  preponderance  of  Cheviot  por- 
phyrites  over  every  other  type  of  far-travelled  stones,  no  example  of  the 
Cheviot  granite  has  ever  been  identified  in  Yorkshire.  The  Secretary 
has  long  been  impressed  with  the  singularity  of  this  absence  of  evi- 
dence, and  after  examining  the  rock  in  nifn  has  made  careful  search  for 
it  at  Filey,  Bridlington,  Whitby,  and  other  places,  where  the  porphyrites 
abound.  No  clearly  identifiable  specimen  could  be  found.  A  collection 
was  made  of  granitic  pebbles  from  the  shore  at  Whitby  in  order  to  get  a 
sufficient  series  to  base  an  opinion  upon.  Seventy  of  these  stones  have 
been  sliced,  and  the  results  of  a  preliminary  examination  are  not 
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encouraging  to  the  hope  that  any  positive  identification  of  the  Cheviot 
granite  can  be  made.  The  results  of  a  fuller  examination  will  be  presented 
in  the  next  report  of  the  Committee.  Meantime  it  may  be  remarked 
that  the  striking  disproportion  which  must  exist  between  the  boulders  of 
the  Cheviot  granite  and  those  of  the  porpliy rites  will  perhaps  find  an 
explanation  in  the  conditions  which  prevailed  in  the  Cheviots  themselves 
during  the  time  when  the  distribution  of  the  erratics  was  in  progress. 

Mr.  Stather's  numerous  records  of  greywackes  of  a  similar  type  in 
various  parts  of  Yorkshire  and  on  the  lower  slopes  of  the  Cheviots  sug- 
gests the  probability  of  their  derivation  from  the  basin  of  the  Tweed. 
Two  very  remarkable  discoveries  are  reported  by  Mr.  Fearnside.  The 
gravels  of  the  Yorkshire  Calder  have  long  been  noted  for  remarkable 
uniformity  in  the  character  of  the  included  stones  ;  besides  local  rocks 
there  had  been  found  nothing  but  well  denned  types  of  Lake  Dis- 
trict rocks,  andesites,  agglomerates,  and  the  granitic  rocks  of  the 
Buttermere  and  Eskdale  types,  all  such  as  might  have  come  by  way  of 
Lancashire  from  the  western  side  of  the  Lake  District,  and  perhaps  one 
or  two  examples  of  the  Galloway  granites.  Mr.  Fearnside  now  adds  the 
Norwegian  Rhomb-porphyry,  Brockram,  brown  flints,  and  Shap  granite, 
discordant  elements  difficult  to  reconcile  with  the  very  consistent  series 
previously  known.  Mr.  H.  H.  Corbett,  of  Doncaster,  points  out  a  singular 
fact  :  the  three  boulders  of  Shap  granite  found  respectively  at  Royston, 
Ad  wick,  and  Balby  have  a  vein  of  felspar  running  through  each  of  them. 

The  boulders  recorded  by  Mr.  Lomas  from  New  Mills,  Derbyshire, 
are  of  the  type  usual  on  that  side  of  the  Pennine  Chain,  but  the  occur- 
rence of  Triassic  pebbles  is  of  great  interest,  as  the  altitude,  1)30  feet,  is 
several  hundreds  of  feet  above  that  of  any  Triassic  rock  in  sifu  in  the 
region. 

The  boulders  of  nodular  dolerite  recorded  from  the  Ayrshire  coast 
precisely  resemble  those  which  are  found  in  considerable  numbers  in 
Western  Lancashire  and  Cheshire,  especially  in  the  Wirral.  A  single 
example  has  been  found  from  the  north  of  Ireland.  Those,  rocks  have 
long  been  regarded  as  of  Scottish  derivation,  and  their  great  abundance, 
on  the  coast  of  Ayrshire  seems  to  favour  the  supposition,  It  is  to  bo 
hoped  that  some  geologist  may  be  found  in  Glasgow  who  can  identify  tho 
rock  and  state  its  source. 

The  Secretary  has  provided  the  Lincolnshire  Boulder  Committee  with 
a  series  of  rock  specimens  from  Norway  and  the  Cheviots  to  serve  as 
types  for  the  determination  of  the  source  of  erratics,  and  he  has  still 
remaining  a  large  number  of  duplicate  specimens  of  noteworthy  Nor- 
wegian rock  I'Tihuii'b  j  o- 1  \. :  :•••  El.volite- syenites,  <fcc.),  rocks  from  tho 
Cheviots,  the  south  of  {Scotland,  and  from  the  L;ike  District,  which  ho 
is  prepared  to  distribute  to  local  mufceums  or  to  individuals  willing  to  aid 
in  the  work  of  this  Committee. 

CUMBERLAND. 

Reported  by  Mr.  JOHN  CARLTON  (Hull  Geological  Society) 
j>er  Yorkshire  Boulder  Committee. 

Skiddaw. — On  left  of  pathway  to  top  of  Skiddaw,  about  30  yards 
above  second  hut,  1,450  feet  above  Kes^ick,  glacial  stria)  were  observed 
on  solid  slate  from  which  tjie  turf  had  been  recently  removecl,  Direo 
t}pnWfS.W. 
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DERBYSHIRE. 

Reportedly  J.  LOMAS,  E*q.,  A.R.C.S.,  f.G.R.,  Broadhurst  Edye^  near 
Jordan  Anns,  New  Mills.     930/e<tf  O.D. 

Ande&itic  ash,  14  inches  in  diameter. 

Many  striated  fragments  of  fine  micaceous  grit. 

Rhyolite  (from  Upper  Barrowdale  Series). 

Itattermcre  granophyre  (common). 

Coarse  millstone  grit,  2  feet  diameter. 

Porphyritio  felsite. 

Triassic  quartzite  pebbles. 

LANCASHIRE. 
Reportedly  J.  LOMAS,  Esq.,  A.R.C.S.,  F.d'.S. 

Liverpool.  —  At    Sanclon   Graving   Dock.      In    boulder  clay   17  feet 
thick. 

Dioritc,  :J  ft.  by  2  ft.  (5  in.  by  1  ft.  C  in.  Axis  nearly  X.  and  S.  Well  scratched 
and  exhibiting  a  well  developed  sole.  It  lies  in  situ.  5  feet  below  Old 
Dock  ,<ill. 

Diorito,  2  ft.  10  in.  by  J  ft.  by  1  ft.  H  in.     Axis  X.  5°  E. 

Andesitic  agglomerate.  I  ft    by  1  ft.  by  i)  in.  ;  Iti  loot  below  O.D.S. 

Limestone,  1  ft.  in  diameter. 

Kriiprr  marl.     Various  small  pieces. 

Ciypsuni  abundant. 

LINCOLNSHIRE. 

Reported  by  Rev.  E.  ADRIAN  WOODRUFFK  PEACOCK. 
Cadeney  Manor  Ifoum\  —Boulders  found  in  sinking  a  well. 

(^oai'MJ  aup'ii  gm-i.ss  in  dark  boulder  clay  at  18  feet. 

Grey  liiiit'Mniic  with  brown  ferruginous  oolitic  grains  and  shell  of  a  Lima  ; 

not  L.  giijaHtea  or  L.  Itrciuscufa,  though  belonging  to  the  KUDO  group. 

*  Xeocomian  or  Lias. 
Doleritu;    Limestone  probably  L.  Lias;    grey  felspathic  sandstone;    dark 

grey  shale  ;  red  chalk. 

t'r?  hy  Messrs.  PAUL  DAVIS  and  J.  "W.  STATIIKR,  F.ff.S.  (Hull 
(it'ofw/icaf  Society),  /*•/•  Yorkuhirr.  Jiouldcr  Committee. 


-Throe  lar^e  clay  pits  near  the  railway  station  show 
Douldcr  Clay  30  to  40  feet  thick.  The  boulders,  many  hundreds  of  which 
aro  visible,  are  of  the,  usual  East  Yorkshire  types,  but  of  smaller  average 
si/e.  Among  those  noted  were  rhomb  -porphyry  ;  eheolite-syeiiite  ; 
Cheviot  |ioi|-!i\ii((>.s  ;  greywaeke  sandstone  ;  hypersthene-dolerito  of 
Kycott  JLill  ;  grey,  black,  pink,  and  given-coated  Hints. 

YouKSimu:. 

by  the    Yorkshire    Ronldrr   Committee   (J.    II. 
F.d'.S.,  Secretary). 

By  G.  A.  AUDKN,  Esq. 
i  York.  — 


Carboniferous  sandstone,  two  large  boulders,  one  uvighing  3-1  tons,  obscurely 
striated. 
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By  E.  HAWKESWORTH,  Esq. 
)  near  Northallerton.  — 

The  turnpike  road  from  Northallerton  to  Stockton  cuts  through  a  ridgo  of 
drift  just  before  reaching  the  village.  It  yielded  1  rhyolite  ;  1  dolerito  ; 
1  gabbro  (?)  ;  2  Carboniferous  Limestones  (black)  and  Carbonifeious 
sandstones. 

Ky  W.  GREGSON,  Esq.,  F.G.8. 
Kirklinyton,  G  miles  N.E.  of  Ripon^  at  Coldstone  House  Farm.  — 

1  galliard  or  ganister,  1  ft.  by  2J  ft.  by  2  ft.  subangular  ;  top  smoothed  and 
grooved  ;  striae  N.  and  S. 

Etj  W.  G.  FiiARNsiDE, 

Iforl)uryy  near  Wok?  field*  —  In  an  excavation  for  the  south  pier  of  a 
bridge  over  the  river  Caldcr. 

3  Shap  granite. 
1  Hrockram. 

1  Khonib  -porphyry, 
1  Brown  Hint, 

The  boulders  were  taken  up  in  the  scoop  of  a  dredger  along  with  a 
portion  of  basal  clay  when  excavating  for  the  concreting  of  the  founda- 
tions of  the  bridge  pier. 

]}y  P.  F.  KENDALL,  ff.G.S. 

Settrinyion,  Vale  of  Picl-eriny.  —  In  fields  about  half  a  mile  »S,\V.  of 
railway  station  a  thin  scattering  of  foreign  pebbles  occurs  among  the 
fragments  of  the  subjacent  Oolite.  Twenty  were  collected  :  they 
include  :— 

1  Vein  quartz  pebble,  (?)  Trias. 

G  SaccharoM  quarzites,  one  liver-coloured,  (?)  Trias. 

2  Carboniferous  sandstone,  one  Telepathic. 
1  Red  jasper. 

4  Flints. 

1  Fine-grained  gneiss  (.'). 

1  Basalt. 

1  JSandhtone  ]    /„  ,       1N 

1  Limestone}  <n°cal>- 

]}\j  E.  HAWKKSWORTH,  Esq. 

Wit/hiU,  near  Tadcaster.  —  Taken  from  material  excavated  in  making 
a  drain. 

2  Dolerites  ;  1  chert. 

KettlenesS)  near  Whilby.  —  On  beach  just  south  of  Kettleness, 

1  Cheviot  porphyrite  ;  1  clscolitc  syenite, 
1  Gneiss. 
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Wykeham,  Vale  of  Pickeriny.  —  From  gravel-pit. 

1  Dolerite  ;  I  Cheviot  ••.>:!,!.•  •"'-. 
1  Cheviot  andesitc  ;  2  grey  Junta. 
1  Eljeolite-syenitc,  (?)  a  small  pebble. 

Communicated  by  the  fioulder  Committee  of  the  Hull  Geological  Society. 

Aytovt  near  Scarboro*.  — 
1  Rhomb-porphyry. 

Hntton  JJutshell,  Vale  of  Pickeriny  —  In  gravel  -pit  at  cast  end  of 
village. 

1  Rhomb-porphyry. 

Wykeham,  Yah  of  PwLeriny.  —  In  sand-pit  behind  the  Downe  Arms 
Hotel. 

Cheviot  porphyrito  ;  Lias. 

Semncr.  —  In  glacial  gravel  in  pit  contiguous  to  railway  station. 

Rhomb-porphyry  :  Cheviot  porphyrite  :  bast  It  ;  red  granite,  magnet-inn  lime- 
stone (Koker  type);  <  'arln  mifcuws  limestone  ;  black  Hint  Lias;  and 
much  sandstone  from  local  sources. 

Ettuuj  war  JJrverley.—  ln  strong  Boulder  Clay  at  eabt  end  of  the 
village. 

Cheviot  porphyrite  (several  varieties). 
llicywaoke  smd.stone;  Lias,  ^c. 

(fttffl/mnt,  near  /faverfry.  A  shallow  pit  in  chalky  gruvrl  west  of  the 
village  contained  a  few  foreign  pebbles,  among  which  Cheviot  porphy  rites 
were  predominant.  Babalt-  Carboniferous  limestone  was  also  noted. 

Hy  THOMAS  SHKPPAUD,  Eaq.,  7-'.6f.»Sf. 
near 


lihomb-porplmy  :  Cheviot  porphyrite:  Carboniferous  limestone   and   sand- 
stone ;  Lian. 


Jiy  J.  W.  STATIIKU,  A'^.,  F.G.F. 

l,  near  AVivr/Vy.  —  In  old  gravel-pit  oast  of  Pump  Bridge. 
(»  ravel  consisting  of  chalk  with  a  few  foreign  pebbles,  chiefly  Cheviot 
porphyrites  and  greywacke  sandstone. 

Cherry  HurloH,  near  Jicverlry.  —  Chalk  capped  with  8  feet  of  Boulder 
Clay  half-mile  cast  of  station.  Among  the  pebbles  of  non-local  rocks  in 
the  clay  Chexiot  porphyrites  greatly  preponderate.  Basalts  are  also 
plentiful.  Greywacke  sandstone  and  Lias  were  also  noted. 

Jiurtindale  Farm,  near  Xvrth  liurton.  —  Fifty  yards  east  of  house. 

Uasalt,  4  ft.  by  3  ft.  by  \\  ft. 


Many  boulders  occur  in  this  neighbourhood, 
and  a  pavement  has  been  made  of  them  at  Field  Spring.  Basalts  are  the 
most  common. 
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Dindington.-™ 

1  Dolerite,  Eycott  Hill. 
1  Gabbro,  Carrook  Fell. 

Ferriby  Common^  near  Hull. — Chalky  gravel  in  a  small  pit  on  the 
Humber  side  contains  a  small  percentage  of  foreign  rocks,  including 
rhomb-porphyry  ;  basalt ;  Carboniferous  limestone. 

Thornton  Dale,  Vale  of  Pickering. — In  the  cutting  east  of  the  station, 
through  beds  mapped  as  glacial,  no  trace  of  foreign  rocks  seen  ;  all  local 
Oolite. 

By  F.  F.  WALTON,  F.G.S. 
ffornsea. — 

1  Volcanic  breccia,  4  in.  by  :i  in.  by  3  in.,  identical  with  boulders  found  in 

stream  at  Dunmail  Raihc,  Cumberland. 
1  Quartz  porphyry  (Armboth  Dyke),  4  in.  by  :>  in.  by  3  in. 

SCOTLAND. 

AYRSHIRE. 
Reported  by  P.  F.  KENDALL,  F.C.S. 

A  nodular  dolerite  closely  resembling  boulders  found  in  Western 
Lancashire  and  Cheshire  forms  many  boulders  on  the  shore  at  Shulloch, 
one  mile  south  of  Girvan.  The  boulders  appear  rather  less  numerous 
at  Girvan,  and  at  West  Kilbride  only  one  has  been  found. 

Boulders  of  the  Ailsa  Craig  Riebeckite-eurite  are  very  abundant 
ilong  the  coast  from  Girvan  to  Ballantrae,  but  I  have  not  found  it  at 
West  Kilbride. 


Life-zones  in  ike  Hritish  CarbuiuferviM  Ruckx. — Itvjturt  f>J'  I  be  fVw- 
tnittee,  coiwistiiiff  of  Mr.  J.  E.  MARK  (f'hairtnnn)^  J)r.  WHEELTON 
HIND  (tt-.-,v/,i ,-!/),  Mr.  F.  A.  BATHER,  Mr.  G.  C.  CUKJK,  Dr. 

A.  H.  FOORD,  Air.  H.  Fox,  Professor  K.  J.  GARWOOD,  Dr.  (!.  J. 
HINDE,   Professor  P.  F.    KENDALL,  Mr.  J.  W.   KIIIKUV,  Air.  H. 
KIDSTON,  Mr.  G.   W.  LAMPLUGH,  JVofessor  (}.  A.  Lioitoi  it,  Air. 

B.  N.  PEACH,  Mr.  A.  STRAHAN,  and  Dr.  II.  WOODWARD,     (l)mirn 
up  by  the  Secretary.) 

THE  suggestions  of  the  Secretary,  published  in  the  last  report  of  the  Com- 
mittee, that  the  faunas  of  (a)  the  beds  which  occur  between  the  Millstone 
Grits  and  the  Massif  of  Limestone  in  the  South  Pennine  area,  and  (ft) 
the  faunas  which  occur  in  the  shales  between  the  Millstone  Grits  and  tho 
upper  beds  of  Limestone  in  the  North  Pennine  Jirea  should  be  examined, 
•was  carried  oat  by  placing  a  collector  in  the  Peudle  district  and  one  also  at 
Hawes.  The  Committee  have  been  most  fortunate  in  obtaining  the  skilled 
services  of  Messrs.  Rhodes  and  Tait,  collectors  on  the  Staff  of  the  Geo- 
logical Survey,  while  on  vacation,  and  Mr.  Rhodes  has  collected  in  the 
beds  between  the  Underset  Limestone  and  the  Millstone  Grits  around 
Hawes,  and  Mr.  Tait  has  collected  in  the  beds  between  the  Clitheroe  and 
Chipping,  inliers  of  Massif  Limestone  and  the  Millstone  Grits. 
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Mr.  Rhodes  has  sent  several  sections  shown  by  the  streams  examined  by 
him,  which  are  appended,  and  the  fossils  he  has  collected  are  shown  in 
tabular  form.  The  results  of  Mr.  Tait's  collecting  are  also  shown  in  tabular 
form,  and  a  comparison  of  tho  two  sets  of  fossils  is  most  instructive  ;  for 
while  Mr.  Rhodes'  specimens  are  all  members  of  the  fauna  of  the 
Carboniferous  Limestone,  in  the  Pendlcside  fauna  only  a  few  Brachio- 
pods  are  common  to  it  and  the  Carboniferous  Limestone. 

Tho  work  done  by  those  collectors  largely  confirms  the  results  ex- 
pressed in  the  paper  read  before  the  Geological  Society  last  February  by 
the  Secretary  to  this  Committee  and  Mr.  J.  A.  Howe,  which  has  just 
appeared  in  the  *  Quarterly  Journal '  of  the  Society.  Mr.  Tail  has  traced 
tho  Pendlcsido  fauna  over  a  wider  extent  of  country  locally.  Lately  tho 
writer  has  obtained  this  fauna,  at  the  same  horizon,  in  North  Stafford- 
shire and  Derbyshire.  It  is  an  interesting  fact  that  IK*  has  this  year 
obtained  Chtruocartlwht  (Luimhtcfirffiuin)  Fovtii  and  J*<Hiif?onoini/a  inein- 
bntwie.eft  in  these  beds,  hitherto  only  known  from  the  Upper  Limestone 
shales  of  Ireland. 

The  great  point  of  interest  in  Mr.  Rhodes'  collection  is  the  finding  in 
Edendale  of  many  species,  hitherto  only  found  in  the  shales  of  the  Car- 
boniferous Limestone  se.iies  of  Scotland  :  Parttf/rfodftu 
+Yu<'n?a  fitchiiformiii,  J\r.  Mont/ft,  Nuvulana  fffrisfriafn, 
intjHVMttti*)  Cyjtriciirtlellti  tnutw,  f\  reef nnr/Mf win,  tftntt 
*V.  rariftbifitt,  Nwltjirickla  ttetttica,  Knfvlium  fiouvrbi/i9  Euvmplwhitt  enrbon- 
ariuif,  Ilt/dlontdia  jmralb'bi^  and  tfeiymlif''*  membra  intern. 

This  f.'wt  is  important  as  an  aid  to  correlation  of  the  Limestone  series 
of  Scotland  with  portions  of  the  Carboniferous  series  of  England. 

The  Cephalopoda  have  been  submitted  to  Dr.  "Foord  and  Mr.  Crick,  the 
Sponges  to  Dr.  (\.  J.  Hinde,  the  Crustacea  to  Dr.  II.  Woodward.  The 
Secretary  has  determined  the  LainelHbraiu'hiata  and  Hrachiopoda. 

Dr.  A.  \  1.  Foord  reports  about  the  Cephalopoda. sent  from  Mr.  Rhodes' 
series  :  *  They  clearly  represent,  an  horizon  high  up  in  the  Carboniferous, 
iV.,  that  of  the.  Upper  Limestone  group  of  the  Scottish  Carboniferous 
Limestone,  series.  The  species  I  particularly  refer  to  are  Orfhocrrnn 
nuleafnm  (Flein.)?  Cyrtowraft  (Mrtowrait)  rugositm  (Flein.).'  The  Jjimelli- 
branchiata  and  small  Gasteropoda  strongly  confirm  this  view.  At*  he  same 
lime  the  absence  of  the  Pcndleside  fauna  both  in  Scotland  and  theXortli 
of  England  is  important.  The  typical  Cephalopoda  and  Lamellibranchiata 
of  this  group  have  not  yet  been  found  us  a  fauna  where  the  Scotch  type 
of  fauna  occurs.  The  IVndloside  fauna  lias  been  obtained  in  beds  of  the 
same  series  at  several  places  in  S.\V.  Yorkshire,  N.  Staffordshire,  Cheshire, 
I  )erhyshiro,  and  Co.  Dublin,  and  the  characteristic  /one-forms  appear  to 
be:  (rlt/pJnoivrft*  retieulfifmn,  (t.  bitingM,  G.  $piral*\  I)hnor]*hoetrax 
(tiltwlsoHii  G.  Loonyii  (rasfrioceran  carbonarin^,  (r.  Lisb'ri<  (.Jrfhoeeras 
,  Avieufo/wfrn  jKipyramut,  J'twrfonomijti  Jlee/uri,  1\  mem- 
ii  P.  wniffahi,  Poridoniclht  Itrvin  and  P.  minor,  JTuenlfrnti  at  ilia, 
tfehi-.ortitfi  anliffutnt<  CJurnoeardinftt.  Footli,  Leiopterl'i  hmt/in^trl^  Macro- 
ijiftilina  Gibsoni,  3f.  retieitfaftr,  J/.  rfcffawt. 

It  is  interesting  to  note  that  Mr.  Rhodes  found  Product™  gigantem 
and  P.  latistdnwfi  as  high  as  the  Main  Limestone  in  the  Hawes  district, 
and  that  he  obtained  P.  giganteu*  and  CharM?*  wploxii*  with  LifJtostro- 
fion  plpnt if ully  31^  feet  over  tho  Ttardraw  Scar  Limestone  at  Mill  Gill, 
Asgrigg,  and  I  have  lately  obtained  all  three  in  the  Main  Limestone  of 
Weardale. 
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List  of  Sections  from  which  Mr.  RHODES  collected, 

A 

Notes  on  SECTION  A.  Far  Cote  Gill.  I-in,  Survey,  Sheet  ^0.  6 -in.  Sheet  36. 
Westmorland.  Beds  seen  from  base  of  Underset  Limestone  to  Crow 
Limestone. 

Ft.  In. 
Canister     ..........       4     0 

U.  Limestone.     ?  Thickness,  say 35     0 

40-08   .        .        .    Hard  dark  calcareous  shale  on  impure  Limestone  top  of 

U.L 40 

Blue  shale  with  Ironstone  nodules    .         .         .         .         .50 

Rotted  sandy  shale,  about 70 

Sandstone  false-hedded,  with  sandy  shale,  about     .         .     15     0 
Main  Limestone  disturbed.     ?  Thickness          .         .         .  ?  25     0 
Top  of  above  not  seen 
Fossils  from  upper  ^| 

foot  (10- fathom  '  Impure  grey  flaggy  Limestone 20 

Grit),  1-39.         J 

Dark  unfossiliferous  sandy  shales  and  sandstones    .         .  ?  50     0 
LITTLE  LIMESTONE,  grey  crystalline  Limestone,  traces 

of  encrinites 20 

Grey  chert  streaked  with  black,  sponge  spiculcs      .         .20 

Thin  nodular  bed.     ?  Phosphatic 0     .'5 

99-113  .        .        .     Blue  shale  with  Ironstone  nodules  and  pyrites        .        .00 

B 

Little  Lime  stone )  Smithy  Gill.  E.  slope  of  Swarth  Fell.     I -In.  tittr- 
.    vey,  Sheet  40.      Westmorland. 

Ft.  In. 

UNDERSET  LIME-     Blue  Grey  Limestone,  with  chert  nodules         .        .  t>     0 

STONE. 

Productus    gigan-  j  Coral  Limestone  (turbinate  Coials.) 20 

teus.  \  „  (Lithostrution  '.'  junceum),  varies  from  I  to  ,'J    0 

Grey  blue  Limestone 00 

?  Several  feet  covered       .......         — 

Top  bed  seen  in  Gill  bed 2     0 

Grey  and  black  chert  bed,  with  sponge  spicules        .         .20 

Rotted  shales 10    0 

Covered.      ?  Feet      — 

Sandstone  false-bedded 140 

Productus    gigan-  "j 

teus,  ve^  ™j^j  L  MAIN  LIMESTONE.      ?  Thickness,  but  probably  not  more    20    0 

turbinate  Corals  J 

Top  showing  in  stream      .......         — 

Kotted.     ?  Calc.  shales 20 

Rotted  shale 80 

Fossils  from  upper  1  LlTTLE  LlMBSTONB,  impure  grey  Limestone  ...      2    0 

lOOt,  li'x— lit.      J 

Rotted  shale ?GO 

Sandy  shale  and  sandstones  directly  resting  on  above      .        — 

c 

Goodham  Gill.     E.  slope  of  Swarth  Fell.      I -In.  Surrey,  Sheet  40. 
§-in.  Sheet  49.      Yorkshire.     U.  Limestone.     Base  not  seen. 

Ft.  In. 

UNDERSET  LIME-    Coral  reef  seen  and  collected  from,  about         .        .        .50 
BTONE.  Other  part  of  Limestone  obscure      •        •        •        •        .        -~ 
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Fossils   from 
foot. 


Fossils 


Productus    gigan- 
tens.  Very  rare. 


Ft.  In. 

Hard  prey  silicious  shale  on  Limestone    .        .        .        .10 
Soft  shale  covered  in  little  waterfall         .        .        .        .10 

P  [  Hard  silicious  flaggy  shale 30 

Grey  crystalline  Limestone 14 

Grey  and  darker  chert  bed,  with  sponge  spiculcs     .        .30 

Limestone  bluish  grey 06 

Dark  chert  spiculcs   ........  0     G 

Black  chert  spicules 10 

Hard  blue  silicious  Limestone 10 

About  10  feet  of  beds  covered 10    0 

.     Calcareous  shales  at  base  of  second  waterfall  at  gorge      .  3     0 

Dark  sandy  shale  (micaceous)  with  lenticles  of  sandstone  25     0 

False-bedded  sandstone 20    0 


LITTLE 


Calcareous  shales,  thin  band  rotted          .... 
Marked  shale,  probably      ....... 

[  Dark  calcareous  shale  (flaggy) 

LIMH-  -!  Impure  Limestone,  with  silioious  bands  and  encrinitu 


ETOXE  scries.       [     ossicles 

Hard  grey  Tjimestone,  with  encrinite  o<sicles  . 

Shale  black  and  micaceous 

False-bedded  sandstone 

Dark  sandy  shale,  with  pyrites 

Sandy  shale,  false-bedded  sandstone  ripple-marked  at 

top 

Fossils .  »  .  Calcareous  sandstone,  marine  band 

Hotted  sandy  *»hale 

Crow  LiMt'x/onc't  grey  crystalline  L.,  traces  of  encrinite 

ossicles 

Fossils  ?  •  •  Hard  silicious  ilajri*y  shale  with  Cauda  Galli  . 

iJlue  shale,  over  above  not  seen  in  junction,  but  higher 
up  stream  4  feet  seen,  and  yielding  Ironstone  nodules 

Abo\c  this  sandy  nucMcrous  shales  probably  with  occa- 
sional Ironstone  nodule-*  .  . 


0  0 

4  0 

0  0 

1  0 

2  0 
1  G 

?  2  0 

4  G 

40  0 

1  0 

2  0 

2  0 

;«  o 

4  0 

CO  0 


(food/Him  GiU  Sections.  —  From  Und* 


UNDERSET  LIME- 
STON1I. 


(J  fit. 


to  prolallc  ]>a*<  of 


U.  Limestone    .........  .' 

Hard  grey  silicious  shale  top  of  U.L  ..... 

Soft  shale  shown  under  bed  of  stream 

Hard  silicious  flaggy  shale  (fossils)  ..... 

Grey  crystalline  Limestone       ...... 

Grey  and  dark  chert  bed,  with  sponge  spicules 
Limestone  bluish  grey      ....... 

Dark  chert  (sponge  spicules)    ...... 

Black  chert  ,,  ...... 

Blue  hard  silicious  Limestone  ...... 

About  10  foot  of  beds  covered  ...... 

Calcareous  shales  base  of  waterfall  (fossiN)     . 
Dark  sandy  shales,  with  some  iluggy  sandstone  near  top 
Falso  bfihliMl  sandstone*  to  l»aM-  of  Main  Lmio*tnm* 

MAIN  LlMEttTOSK     MAIN  L.  (  with  oceasiuiial  rrnthu  tut  tji.i<u,tcut>  and  Corals)  > 
Calcareous  shah'         ........ 

?  About-  4  feet  of  bhales.     I  Covered         .        .        . 
Hard  dark  silicious  shales         ...... 

Limestone  with  biliciotis  hands        ..... 

Hard  grey  Limc&tonc  with  enrrinito  osbiclcs   .        . 


Ft.  In. 

25  ii 

1  0 

1  0 

;*  o 

1  4 

3  0 
0  G 

0  6 

1  0 
1  0 

10  0 

:*  0 

25  0 

20  0 

30  0 

0  G 

4  0 
6  0 

1  0 

2  0 
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LITTLE 

8TONB. 


LlMF-< 


Shale  black  and  micaceous 

Sandstone  false -bedded 

Dark  sandy  shales  with  pyrites 

Hard  grit  on  sandstone  bed      ...... 

Sandy  micaceous  shales  with  lent  ides  of  sandstone  in 

npper  part      ......... 

Sandstone  more  or  less  false-bedded  and  ripple-marked 

in  upper  part 

Calcareous  grit  (?)  fossiliferous         ..... 

Rotted  shale 

Blue-grey  silicious  Limestone 

Hard  silicious  flaggy  Limestone        . 

Hard  silicious  shale  with  Cauda  Galli       . 

Shales  with  Ironstone  nodules  rotted.    ?  About 

About  14  feet  of  shales  covered.     ?  Same  as  above  . 

Dark  micaceous  sandy  shales  (iron  nodules)    . 

Dark  and    more   sanely  shales  with  one  or  two  ilnggy 

bands  in  upper  part  and  irregular  calcareous  sandhtone 

masses 

Irregular   flaggy    sandstone    ripple-marked,    and    with 

annelid  tracks 

Massive  grit  with  ganister-like  top,  rootlets  in  top  beds 

Shale-rotted 

Impure  nodular  Limestone  band  with  cyprids 
Blue  rotted  shales  with  some  Ironstone  nodules 
Grey  ganister  (rootlets),  about          . 

Coal  beam,  silicified  (?),  f>  in.  to  1  ft 

Hard  silicious  flaggy  beds  with  fossils      . 

?  Base  of  Millstone  Grit 


Ft.  In. 

1  6 

2  0 
4  (> 
2  6 

8  0 

?  30  0 


I 


0 

2     0 

G     0 

H     0 


40     0 

25     0 

?  20     0 


D 

Lund's  Gill  Sections. 

Ft.  In. 

UNDERSET  LIME-    u.  Limestone 20    o 

STONE.                   Dark  blue  flaggy  silicious  Limestone  (fossils)  .         .         .  12     0 

Grey  and  black  chert <;     0 

Grey  silicious  Limestone 10 

Blue  chert 08 

Grey  silicious  Limestone 10 

Blue  Limestone 10 

Calcareous  shales.     ?  Spirifera  ylabra  common         .         .  :* 

Blue  shale  with  Ironstone  nodules 4 

Dark  sandy  shale  with  Ironstone  nodules         ...  8 
Dark  sandy  shale  passing  up  into  sandstones   .         .         .12 

False-bedded  sandstones 20 

MAIN  LIMESTONE    MAIN  LIMESTONE  grey  and  compact  lower  part      .        .  25 

„                 middle  part  coarsely  encrinital  .         .  25 

„                upper  part  compact  encrinital    .         .  25 

Sandy  shales  and  flagstones,  flags  ripple-marked    .    20  to  25 

Ganister-like  grit ] 

r  LITTLE  LIMESTONE  blue  (small  rncrinite  ossicles)  .  •' 
I  Dark  silicious  flaggy  beds  with  Cauda  Galli     . 
Li ME--J  Rusty   layer  glauconitic,  and    containing    ?  calcareous 
I      sponge  spicules      ........ 

*•  Silicious  shales          ........ 

Blue  shale  with  Ironstone  nodules  .... 

Sandy  shales  with  Ironstone  nodules        .... 

Sandy  shales  with  some  thin  flags  in  upper  part 

Dark  sandy  shales  and  flags  interbedded.   (?)  Probably  . 


LITTLE 
BTONE. 


1 

0 
1 

10 

15 

30 

100 
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E 

Carttnere  Gill,  E.  flauyh  Fell,  Grisedale.     1  iu.  Sheet  40.     6-in.  Sheet  49. 

Yorkshire. 

Ft.  In. 

LITTLH       LIME- /L.  Limestone.    Blue  Limestone 2    (» 

STONE.  ^ lilack  and  grey  silicious  beds 30 

Dark  shales — 

Crow  Limestone  (encrinital  Limestone)  .        .        .        .50 

F 

Hound  Iny  Gill,  Grisedalt.     Sheet  40,  l-in.     Sheet  49s  6- inch 
Map.     Yorkshire. 

Ft.  In, 

MAIN*  LJMKSTONC .  ?   — 

Calcareous  shale         .....  ..30 

Blue  shale ..00 

Hiird  fla<W  silicious  Limestone  beds       .        .        *        .20 

Bark  sand;  shale 90 

{Sandstone.         .         .         .         .         .         .         .         .         .  ?    — 

LITTLE  LIMESTONIJ  not  seen 

The  thick  sandy  shale  banks  not  in  good  position  for 
working. 

G 

Fluot  Gill,  Griscdak.    l-in.  Shut  40.    G-tii.  Shut  49s.     Yorkshire 

Ft.  In, 

MAIN  LIMESTOXI: ?  25    0 

Kandy  shales  and  saiid&tonc?..     Sandstone  ri])ple-marked  ?  2o     0 
LITTLI-:    LIMJJSTONK.      BhiL*  compact  Limestones  (on 
band  stone) 20 


Hard  chert y  Limestone 

ChiTiy  shale  not  clear        ...... 

Hotted  shales,  mostly  covered  ..... 

Sandy  shales  \\ith  fossils  (and  Ironstone  nodules)  . 
Calcareous  sandstone  masses  and  thin  llagb  and  shales 
Sandy  micaceous  shales 


2  0 

:*  o 

12  0 

70  0 

25  0 

!  10  0 
Impure  Limestone  not  in   place  —  dipped   (?  represents 

W  LIMESTONE)       .......      20 


Section  owr  J/.X.  Liint'ntune.  —  Miff  (till  abort  Mill  Gill  Force, 
Askriyy.  0  in  00,  jV.AV1  Yorkshire  Section  aboiv  IlarJra  Scar 
Jjimt'sloHt1. 

Ft.  In. 
1  1  ABDU  A  HCAH  LlMlJSTOM],  probably        .         .         .         .     GO    O 

I  'alcareous  shale  (enorinite  ossicles")         .        .        .        .00 

Thin  calcareous  band  weathering  brownish  red        .         .02 
IttiiG  shale          .........       10 

Irregular  sandstone  and  sandy  shale  partings  .        .        .    28    0 
Carbonaceous  shale  with  coaly  streaks  and  plant  remains      1    0 
Grit  band  with  pi  nut  impressions     .....      0    6 

Carbonaceous  shale,  plant  remains  .        .        .        .        .01) 

1  51  uc  shale         .........      10 

Fossils.        .        .    Calcareous  band,  with  parts  Limestone  Corals,  &c.  .        .10 
Hard  compact  hydraulic  Limestone  .        .  ..20 

1  lard  shale  band  (?  with  Posidonomya  not  well  preserved)      0    2 
Hard  compact  hydraulic  Limestone         .        .        .        .20 
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Mr.  Rhodes'  collecting  in  the  Hawes  Area. —  Table  A. 


A— FarcotoGill. 
B— Smith's  Gill. 
C— Goodham  Gill. 
D— Lund's  Gill. 


E— Cartmero  Gill    -| 

F — Round  Ing  Gill  SGrisedale. 

G— Fluot  Gill  j 

H — Nine  Standards  Fell,  Faraday  Gill. 


The  Cephalopoda  have  been  determined  by  Dr.  A.  H.  Foord  ;  Sponges  by  Dr.  G.  J. 
Hinde  ;  the  other  specimens  by  Dr.  AV.  Hind. 
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Hyalostelia  parallcla  (M'Coy)  ; 

Hexactinellid  spicules  . 

Monactinellid  spicules  . 

Tetrad inellid  spicules  . 
Echinoder  mat  a 

Crinoid  joints         .         , 
Annelida 

Serpulites  membranacea 

(M'Coy)      .... 
Artliropoda 

Entomoconchus  Scouleri 
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A  D 
A  D 


—       CJ  D 


Glauconome  grandis 
Fenestella 
Polypora  dendroi 
Brachiopoda, 
Athyris  ambigna 
„       pianos  ulcat  a 
„       expan^a     . 
Camarophoria  globulina 
Chonetes  laguessiana 
Dielasma  gillengensis 

„       has  tat  a 
Discina  nitida 
Lingula  squarniformis 

„        mytiloides 
Orthis  resupinata  . 
Productus  aculeatus 
giganteus 
longispin 
scabjriculi 
semi  re  tic 
punctatus 
. undatus 
Retzia  radialis 
Khynchonella  aci 
„  plei 

Spirifer  crassus 
„        glaber 
,,        lineatus 
,,        ovalis 
„        trigonal  is 
,,        striatus 
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Mr.  RJwdes1  collecting  in  the  Hams  Area. — Table  A  (continued). 
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3  ;   1 


D 
A  C 


Streptorhynchus  creni^tria 

LameUibrancli  iata, 
Aviculopecten 

„  segregatu.s 

sp. 

Eritolium  Sowerbyi 
Leiopteria  lunulata 
Pinna  mutica  .  .  .  ;  — 
Pleronites  angustatus  .  .  .  — 
Cypricardella  annw  .  .  — 
„  rectangular^  .  •  --- 

Ctenodonta  laevirostris  .         .  ,     -- 
Edinondia  Maccoyi        .         .  i 
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Pendle  Hill  Area,  Mr.  Tait's  collecting.— Table  J3. 
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The  Structure  of  Cfi/^als.-^-Jieftort  of  I  Ins  Comitiitk't,  roiisistiny  of 
Professor  N.  HTOKY  MASKKLYNK  (dhuinnmi),  Professor  H.  A. 
iMiEus  (Secretary),  Mr.  L.  FLKTGIIKK,  Professor  W.  J.  SOLLAS, 
Mr.  W.  BAKLOW.  Air.  (J.  K  HKKHKHT  SMITH,  and  the  Earl  of 
HKKKKI.EY,  appointed  to  report  on  I  he  Present  Mate  of  our  Jvvio//-- 
Iwlye  cow-mi  IHJ  ihv  ftlfuclufe  of  CVi/«/'//.«.  (JJraicn  'U}i  by  Mr. 
BARLOW  and  Professor  MiKits,  (Minted  l>y  Mr.  HEUHKUT  SMITH.) 

PAUT  I. 


Report  on  the  Dwrlojuurut  of  the,  (,'roMftt'ical  Theories  of 
Cri/*fal  tftruciurvt  IGGG-l'JOl. 


Tin-:  problem  of  the  structure  of  a  crystal  presents  itself  under  two  aspects  ; 
it  involves  the  eonbideration  (1)  of  the  material  which  constitutes  the 
ery.st.-il,  and  (l!)  of  the  manner  in  which  this  material  is  put  together.  To 
the  iirst  part  of  the  inquiry  belong  all  speculations  and  observations  which 
relate  to  the  nature  of  th-1  crystal  unit:  as  to  whether  it  he  a  chemical 
molecule  or  an  aggregation  of  chemical  molecules  ;  what  may  be  its 
dimensions;  and  regularity  or  irregularity  ;  and  what  forces  co-operate  to 
iix  its  position  and  orientation. 

It  might  reasonably  be  supposed  that  this  part  of  the  inquiry  should 
precede  that  which  relates  to  the  arrangement  of  the  material.  In  reality, 
howoxer,  \ery  little  isknoun  about  the  actual  nature  of  the  ultimate 
particles  of  matter  in  the  solid  state,  and  much  more  is  known  about  the 
manner  in  which  it  must  bft  arranged.  For,  as  the  study  of  crystals  has 
progressed,  it  lias  been  found  that  their  morphological  and  physical 
regularity  results  from  the  fact,  that  they  are  homogeneous  ;  both  the  law 
of  rational  indices,  which  regulates  the  disposition  of  the  faces  of  a 
crystal,  and  the  :eolotropism,  \\hieh  regulates  its  physical  characters,  aie 
in  harmony  with  the  geometrical  properties  of  a  homogeneous  structure. 

Now  the  distribution  of  the  material  in  a  homogeneous  structure  may 
bo  studied  as  a  geometrical  problem  quite  independently  of  the  nature  of 
tin1  material,  for  it  may  be  treated  as  the  problem  of  the  homogeneous 
partitioning  of  space  (see  below,  p.  310). 

The  proent  portion  of  the  report,  therefore,  deals  exclusively  ^ith 
the  geometrical  theory  of  the  homogeneous  partitioning  of  space,  or  (what 
comes  to  the  same  thing)  the  homogeneous  repetition  of  identical  parts  in 
a  uniform  structure  ;  a  .side  of  the  subject  which  seems  to  ha\e  reached 
something  like  finality. 

A  second  part  will  bo  concerned  with  the  nature  of  the  ultimate  par- 
licles  and  with  the  possible  arrangements  corresponding  to  actual 
substances,  a  side  of  the  subject  which  presents  considerable  diiliculty  and 
may  lx  said  to  be  still  in  its  infancy. 

In  order  to  put  before  the  reader  a  clearer  and  more  satisfactory  idea 
of  the  present  state  of  our  knowledge,  the  historical  development  of  the 
subject  is  sketched  below,  and  the  more  important  contributions  to  this 
development  are  discussed  in  detail.  It  will  thus  be  perceived  that  con- 
tinual progress  has  been  made  towards  a  clearer  comprehension  of  the  possible 
ways  in  which  the  homogeneous  repetition  of  parts  may  take  place,  each 


advance  being  suggested  or  confirmed  by  the  knowledge  obtained  from  the 
investigation  of  the  *  •  -  •  1  ~ '  :  "  and  physical  characters  of  crystals. 
Since  the  means  at  our  disposal  do  not  admit  of  the  proof  of  the  existence 
of  similarly  repeated  parts  in  crystals  by  direct  observation,  any  such 
proof  must  necessarily  be  indirect,  and,  to  be  conclusive,  the  properties  of 
homogeneous  structures  mathematically  deducible  must  be  shown  to  be 
in  complete  harmony  with  those  actually  observed  in  crystals. 

Early  Vicics. 

Many  of  the  physical  properties  of  matter  may  be  explained  without 
any  idea  of  structure  or  grain,  and  some  physicists  have  so  defined  homo- 
geneity ; l  but  such  definitions  merely  ignore  and  do  not  preclude  the 
conception  of  a  homogeneous  repetition  of  definite  parts.2  Indeed, 
the  call  for  such  a  conception  seems  imperative.  Without  structure  it 
would  be  difficult,  for  example,  to  explain  the  striking  polarity  displayed 
by  such  a  mineral  as  tourmaline.  From  considerations  based  upon  known 
facts  in  physics  and  chemistry,  it  has  been  shown  that  the  dimensions 
of  the  atoms,  or,  perhaps,  the;  distances  between  their  centres,  though 
extremely  small,  must  lie  within  definite  limits.3 

That  by  the  packing  together  of  similar  bodies  artificial  systems  may 
be  obtained  whose  symmetry  of  form  closely  resembles  that  of  certain 
crystals  was  perceived  nearly  two-and-a-half  centuries  ago  by  Robert 
Hooke  from  a  study  of  the  forms  presented  by  alum.  Thus  he  says : 
*  I  think,  had  I  time  and  opportunity,  I  would  make  probable,  that  all 
these  regular  Figures,  that  are  so  conspicuously  various  and  curious  .  .  . 
arise  only  from  two  or  three  positions  or  postures  of  (llohular  particles, 
and  those  the  most  plain,  obvious  and  necessary  conjunctions  of  such 
figur'd  particles  that  are  possible.  .  ,  .  And  this  I  have  ml  oculum  demon- 
strated with  a  company  of  bullets  and  some  few  other  very  simple  bodies  ; 
so  that  there  was  not  any  regular  Figure,  which  I  have  hitherto  met 
withal,  of  any  of  those  bodies  that  I  have  above  named,  that  T  could  not 
with  the  composition  of  bullets  or  globules  and  one  or  two  other  bodies, 
imitate,  even  almost  by  shaking  them  together/  * 

Just  after  Hooke  had  put  forward  his  idea,  evidence  of  the  regularity 
of  crystal  structure  was  supplied  by  the  observation  of  Nicolaus  Steno/' 

1  Cf.  the  definitions  given  by  Biot  in  *  Mt'moire  sur  la  Polarisation  lamellaire,' 
Af cm.  A  cad.  Sci.,  1812,  xviii.  p.  033,  and  by  Thomson  and  Tait  in  Natural  1'hilo- 
tophy,  §  675. 

2  The  following  definition  of  a  crystal,  based  exclusively  on  physical  behaviour, 
was  first  enunciated  by  Groth :  *  A  crystal  is  a  homogeneous  solid  body  whose  elasti- 
city differs  in  different  directions  within  it'  (Her.  d.  Jirrlinrr  Ak.,  1875,  p.  549).     As 
Schonflies  remarks,  it  is  now  generally  admitted  that  the  constancy  of  the  crystal 
substance  is  revealed  by  its  physical  properties  rather  than  by  its  external  form,  the 
latter  being  indeed  more  or  less  fortuitous  and  dependent  on  the  conditions  of  growth 
(see  Schonflies  Krystallsysteme  und  Kryxtallgtruutur,  p.  5). 

9  Lord  Kelvin  (Sir  W.  Thomson),' Nature,  1870,  vol.  i.  pp.  firil-553,  reprinted 
Appendix  F,  *  Natural  Philosophy,'  by  Thomson  and  Tait.  It  is  interesting  to  note 
that  certain  of  Jordan's  groups  of  movements,  in  which  some  of  the  minimum  dis- 
tances separating  similarly  repeated  ultimate  parts  are  infinitesimally  small  as 
compared  with  the  others,  are  incompatible  with  the  symmetry  of  actual  crystal 
forms,  i.e.,  forms  obeying  the  law  of  rational  indices  (see  below,  p.  312). 

*  Micrographia,  London,  1665,  p.  85. 

5  De  solido  intra  solidum  nalnraliter  contento  dmcrtationis  prodromus,  Florentine, 
1669  (English  translation,  London,  1671). 
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that  the  mutual  inclinations  of  corresponding  faces  of  rock-crystal  are 
the  same  in  different  specimens. 

It  was  seen  that  the  property  of  cleavage  also  pomts  to  the  uniform 
repetition  throughout  a  crystal  of  a  definite  structure  of  some  kind,  and 
various  suggestions  as  to  the  forms  of  ultimate  particles  were  based  upon 
the  cleavage.  Thus  Guglielmini,1  who  also  studied  the  forms  of  alum, 
argued  the  existence  of  plane  faces  for  these  particles,  and  attributed 
crystal  forms  to  them.  This  observer,  reiving  on  the  uniformity  of 
internal  structure,  was  the  first  to  aih'rrn  that  crystals  of  the  same  sub- 
stance must  always  cleave  in  tho  same  directions.  Westfeld  2  suggested 
that  ealc-spar  is  composed  of  rhombohedral  particles.  The  latter  idea 
was  adopted  and  extended  by  Gahii  and  Herrmann,3  who  thus  anticipated 
the  general  theory  of  crystal  structure  put  forth  by  the  Abbe  Haiiy, 
to  which  reference  will  be  made  immediately. 

Shortly  prior  to  Hauy  we  have  the  import .171 1  discovery  7iiacle  by 
Rome  do  1'Tsle  *  that  the  various  shapes  of  crystals  of  the  same  natural  or 
artificial  product  are  all  intimately  related  to  each  other,  and  can  be 
derived  from  a  certain  fundamental  figure  called  the  primitive  form,  the 
shape  and  angles  of  which  are  proper  to  the  substance.  The  variety  of 
form  is  due  to  the  variety  of  the  secondary  faces.  De  1'Isle  himself 
seems  to  have  supposed  that  the  secondary  faces  have  absolutely  arbitrary 
positions,  except  so  far  as  they  are  fixed  by  symmetry  of  mere  external 
form.  His  work,  by  directing  attention  to  the  invariable  nature  of  the 
crystal  substance,  and  to  the  striding  contrast  between  this  invariability 
and  the  variety  of  external  form  which  may  be  exhibited  by  the  same 
body,  supplemented  the  evidence  in  the  same  direction  afforded  by 
optical  and  physical  properties.5 

Hauy. 

It  is  now  rather  more  than  a  century  since  Rene*  Just  Haiiy  sug- 
gested an  intimate  relation  between  the  forms  of  crystals  and  the  arrange- 
ment of  their  ultimate  parts,  and  thus  placed  the  study  of  crystal  structure 
on  a  sure,  foundation.  The  stimulus  given  to  research  by  his  labours  has 
been  enormous  ;  multitudes  of  facts  supporting  his  principal  conclusions 
have  been  accumulating  ever  since  his  day  ;  and  it  is  not  too  much  to  say 
that  nearly  all  the  subsequent  work  on  the  subject  lias  been  but  an  expan- 
sion or  modification  of  the  work  done  by  him. 

Hauy  bases  his  conclusions  as  to  the  nature  of  the  crystal  unit,  or 
molecule,  entirely  on  the  phenomena  of  cleavage.  In  any  given  crystal 
which  displays  this  property  he  determines  the  shape  of  the  similar  poly- 
liedra  which  would  be  obtained  by  separating  the  mass  along  cleavage 
planes  into  a  number  of  similar  fragments,  each  set  of  parallel  planes  of 
cleavage  being  equally  spaced  throughout.  For  example,  cleavage 
parallel  to  the  faces  of  a  cube  leads  to  cubic  fragments  ;  that  parallel  to 
the  faces  of  a  hexagonal  prism  to  fragments  which  are  triangular  prisms 

1  Jtijlcssioni  fifasofirlw  dedottc  dalle  figure  de  tali*  P.onon.  1088,  and  DC  salt  bus 
difsertfttio  epistdtiris,  Venc;t.  1705. 

-  Mineralogi&t'hf  AWnnMungen^  Stuck  I.     Gottingen  u.  Gotlin,  17G7. 

3  *  Variiu  crystal  lorn  m  forma!  a  Spa  to  orhw  '  in  JVor.  Ada,  licy.  Soc.  Sc,  UpsaLy 
177!*,  ).,  and  '  De  t'ormis  crystallorum  '  in  Opusc.  Upsala,  1780,  ii. 

4  J&sai  dtj   CristallograpliiCi  Paris,    1772.      Cn$tallograp1ilet  ou    description  des 
formes  propre*  <i  toys  tcs  corps  du  rcfjne  mineral^  Paris,  1783. 

4  Hchon flics,  KrystalUystemc  ?/.  Krystallstructitr,  p.  5. 
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(fig.  1).  The  units  thus  obtained,  which  he  calls  moUcules 
belong,  he  finds,  to  one  of  three  simple  kinds  :  they  are  in  some  cases 
tetrahedra,  in  others  triangular  prisms,  in  the  remaining  cases  parallele- 
pipeda,2  and  their  form  is  found  by  observation  to  be  invariable  for  a 
given  kind  of  mineral.3  He  considers  that  if  the  process  in  question  does 
not  furnish  the  precise  shapes  of  the  actual  crystal  molecules,  it  at  least 
pictures  to  us  a  representative  analysis  of  crystal  structure  which  is 
worthy  to  stand  for  the  actual  facts,  and  enables  us  to  correlate  them.1 
A  further  partitioning  of  the  molecules  intcgrautcs  is,  indeed,  suggested, 
which  would  assign  a  definite  relative  position  in  space  to  the  elements 
forming  a  chemical  compound,''  but  the  chemical  atoms  (molecules  elemen- 
taires)  of  various  kinds  thus  supposed  to  have  distinct  places  in  the  crystal 
substance,  and  to  be  of  definite  and  constant  form,  are  not  made  the 
subject  of  investigation.  The  molecule*  Integrantes  are  supposed  to  result 
from  the  regular  combination  of  the  latter  to  form  a  single  kind  of  unit 
or  molecule,  and  these  alone  form  the  basis  of  Huuy's  theory  of  crystal 
structure. 

Adopting  the  idea  put  forward  by  Homo  de  1'Tsle  of  the  existence  in 
every  crystal  of  a  primitive  form,0  or  nucleus,  Hauy  supposes  that  this 
nucleus  consists  of  a  considerable  number  of  ino/wulrH  iit>ti't/rnnti'Hj  and 
that  the  primary  facoa  of  a  crystal  arc  the  outcome  of  regular  accretion 
upon  the  faces  of  the  nucleus.  Secondary  crystal  faces  are  those  not 
parallel  to  the  cleavages,  and  these  are  explained  by  supposing  that  the 
successive  layers  deposited  on  each  face  of  the  primary  nucleus  do  not. 
overlap  preceding  layers  sufficiently  to  yield  merely  an  enlarged  figure  of 
the  same  shape  as  the  nucleus,  but,  falling  short  of  this  in  a  regular 
manner,  form  by  their  boundaries  planes  which  truncate  the  edges  or 
corners  of  the  enlarged  figure  referred  to.s  lie;  points  out,  however,  that 
since  microscopic  crystals  have  as  complete  a  complement  of  faces  as  those 
of  larger  growth,  the  modification  by  which  the  structure  acquires  new  faces 
must  be  an  initial  one,  which  takes  place-  once  for  all,  subsequent  growth 
being  the  result  of  accretion  upon  secondary  and  primary  f.-ices  alike.'1 

In  cases  where  the  molt'cult's  intcynt.ntex  are  parallelepipeda  this 
mapping  out  of  secondary  face  directions  by  the  ed^os  bordering  suc- 
cessive layers  where  the  boundaries  of  added  layers  fall  short  at  edges  or 
corners  in  a  regular  manner,  is  easy  to  follow.  In  order  to  explain  in  a 
similar  manner  the  production  of  new  faces,  when;  the  'molei.ii  I  fa  in- 
tegrantes  are  tetrahedra  or  triangular  prisms,  Jlauy  regards  these  mole- 
cules as  aggregated  to  form  parallelepipedal  groups,  which  he  calls 
molecules  soustrtictives.10  This  is,  of  course,  merely  a  geometrical  con- 
ception, intended  to  elucidate  the  growth  of  secondary  faces  by  regular 
decrease  in  extent  of  succeeding  Layers,  arid  does  not  refer  to  any  physical 
association  of  the  molecules  intryrantes  to  form  'molecules  ttounfrticfircs  ; 

1  Trait  is  de  Wlnfralwir*  Paris,  1801,  i.  pp.  xiv  and  f>.  -  Ibid ,  p.  30. 

3  Ibid.,  pp.  xiv  and  2(Jf  20,  and  32.  4  Ibid.,  pp.  7  and  31.  "»  7/W.,  p.  fi. 

6  Traitc  dc  Minfraloffie,  i.  pp.  20  and  28,  also  p.  481 .   Haiiy  s-ays  in  another  place  • 
*  La  forme  primitive  paroit  Gtre  le  rosultat  de  la  crystallisation  la  plus  par  fait  o  dont 
un  mineral  soit  susceptible  ;  mais  ce  n'est  pas  tou jours  celle  qni  se  lencontre  le  plus 
ordinairement '   (Es&ai  d'une  Theorie  sur  la  Structure  des  C'rystaujr,  Paris,  1781, 
p.  50). 

7  Trait 6  de  Mintralogic,  i.  p.  21).     Thus  he  considers  that  the  primitive  form  of 
tourmaline  is  a  rhombohedron,  but  that  the  moh'cule  inthjrante  is  a  tetrahedron, 
which  is  the  sixth  part  of  such  a  rhombohedron  (see  ibid.,  p.  30). 

8  Ibid.,  p.  31  et  *ec[.,  also  p.  285.  8  Jlid.,  p.  1)8.  lo  Hid.,  p,  07. 
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for  the  purpose  of  explaining  the  production  of  secondary  faces,  it  enables 
all  the  structures  formed  by  the  molecules  intcyrantcs  to  be  regarded  as 
composed  of  parallelepipedal  units,1  although  these  may  be  only  geome- 
trical fictions. 

The  hexagonal  structure  of  figs.  1  and  2  may  be  regarded  either  as 
built  up  of  the  molecules  infA/rantr*  ABC,  which  are  triangular  prisms, 
or  of  the  nwlrctdex  mmstractirex  AJ5DC,  which  tiro  rhombic  prisms  of 
1 'JO3  and  00°. 

The  crystal  may  then  be  regarded  as  consisting  of  mohwifes  sova- 
trtu'tirfi*,  which  are  parallelepiped*!  packed  together  in  parallel'  positions 
so  as  to  iill  space  (Hg.  4,  p.  305). 

The  growth  of  the  secondary  faces  by  decrements  consisting  of  whole 
numbers  of  the  inoti'cvff'ti  MHiKtiwtiueit  leads  directly  to  the  great  and 
fundamental  Law  of  the  Nationality  of  intercepts.55  (This  Law  will  be 
leferred  to  below  under  its  mure  familiar  name,  the  Law  of  Rational 
Indices,)  The  truth  of  this  law  llauy  himself  established  by  the 
measurement  of  «4i  vast  number  of  crystal-*,  and  it  seemed  to  carry  with 
it  the  justification  of  his  apparently  arbitrary  theoiy  of  their  structure. 


v\  \ 

V  \  \ 


Tt  will,  however,  bo  found  later  that    an  hypothesis  of  a  more  general 
character  leads  to  the  same  results. 

Put  concisely,  the.  objections  to  Hauy's  conclusions  as  to  the  nature  of 
the  ultimate  particles  of  crystals  are  t.ho  following  : — 

1.  llauy  has  to  suppose  that  crystal  surfaces,  apparently  plane,  are 
actually  corrugated,3  and,  if  the  same  be  admitted  with  regard  to  cleavage 
planes,  other  forms  for  the  inoK<'ti?*s  intt't/ ratify  than  those  which  lie 
deduces  are.  possible.  It  is  easy  to  picture  a  simple  case  in  which  the 
directions  of  cleavage  would  prove  a  fallacious  guide  to  the  determina- 
tion of  tho  shape  of  the  ultimate  units  of  a  body. 

Thus  suppose  that  a  number  of  equal  regular  hexagonal  prisms  of 
some  uniform  material  are  fastened  together  in  a,  close  and  regular  manner 
by  a  uniform  but  weak  cement,  so  that,  the  ndlvMon  between  the  prisms 
is  much  weaker  than  the  cohesion  of  their  substance.  It  is,  then,  evident 

1  TiftifS  ,/<•  Mintrtiliyir,  pp  1)7  an<l  281.  Cump.  Hr.ivai*'  conceptions  (see  below, 
p.  liOfi). 

-'  This  law  carries  with  it  the  exclusion  of  two  of  the  five  regular  poljhedra  from 
the  forms  pos.siole  for  crystals,  i.e.,  of  the  regular  pentagonal  dodecahedron  and  the 
icoHahculron  (\bid.t  p.  80). 

9  See  his  explanation  of  the  occurrence  of  secondary  faces  just  referred  to  above. 


302  REPORT — 1901. 

that  they  will  most  readily  separate  along  zigzag  surfaces  whose  mean 
transverse  direction  is  that  of  normals  to  prism  faces,  e.g.,  A  A'  in  fig.  3  • 
and,  neglecting  the  corrugation  of  these  cleavage  surfaces,  we  have  three 
cleavage  directions  AA',  BB',  CO',  making  angles  of  60°  with  each  other. 
Thus  the  hexagonal  cleavage  would  result  from  a  structure  consisting  of 
hexagonal  prisms  just  as  well  as  from  one  consisting  of  triangular  prisms. 
The  fact  that  most  of  the  units  which  Hauy  obtains,  whether  molecules 
integrantes  or  molecules  somtr  actives,  display  holohedral  symmetry 
shows  that  there  is  room  for  some  wider  conception  as  to  the  ultimate 
nature  of  the  cleavage  surfaces. 

2.  Some  of  the  figures  to  which  cleavage  leads  are  neither  parallele- 
pipeda  which  can  be  packed  together  as  molecule*  8oux(ra<!tiee»,  nor  other 
figures  which  can  be  packed  together  as  molecules  inteyrantcs.  The 
octahedral  cleavage  of  fluor  spar,  for  example,  leads  either  to  octahedra 
or  tetrahedra  not  fitting  closely  together,  but  with  spaces  between  them. 
This  incompatibility  of  the  results  of  the  partitioning  with  the  conception 
of  uniform  divisibility  into  identical  plane- faced  molecules  indicates  that 


the  molecules  integrantes  as  well  as  the  molecule*  sunxtmctivc*  are  mere- 
geometrical  abstractions  ;  indeed,  such  probably  was  the  view  of  Hauy 
himself. 

3.  Haiiy's  method  is  not  of  universal  application,  since  in  some  crystals 
no  cleavage  planes  are  discoverable.  In  such  cases  supplementary  hypo- 
theses become  requisite.1 

Cleavage  is,  then,  an  uncertain  guide  to  the  determination  of  the  form 
of  the  ultimate  particles  of  crystals.  Nevertheless,  cleavage  led  to  the 
discovery  of  the  law  of  rational  indices,  and  the  conception  of  parallels  - 
pipedal  units  built  up  into  a  crystalline  structure  furnishes  at  any  rate 
an  explanation  of  this  law,  and  is  in  accordance  with  most  of  the  properties 
of  crystals,  whether  it  be  derived  from  cleavage  or  not.  TA&\\y'&  molecules 
integrantes  are  even  more  suggestive,  in  the  light  of  subsequent  research, 
than  his  molecules  soustractives,  since  they  reduce  the  problem  of  crystal 
structure  to  a  problem  of  partitioning  space  into  similar  polyhedra  which 
are  not  necessarily  parallel.  For  example,  the  arrangement  of  triangular 
prisms  of  fig.  1,  which  is  suggested  by  cleavage  parallel  to  the  faces  of  an 


Haiiy,  Traite  tic  jtfincraluyh,  i.  p.  27. 
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hexagonal  prism,  contains  two  sets  of  prisms  differently  orientated.    This 
case  will  bo  alluded  to  again  (see  p.  327). 

The  Space-lattice. 

We  next  come  upon  investigations  based  on  Haiiy's  conclusions  de- 
rived from  cleavage,  but  widely  differing  in  essential  character  from  them, 
in  which  this  property  is  found  to  take  quite  a  subordinate  place,  and 
is  treated  merely  as  evidence  of  internal  symmetry,  the  question  of  the  shape 
of  the  ultimate  units  having  sunk  into  insignificance.  We  find,  indeed, 
that  while  Haiiy's  discovery  of  the  law  of  rational  indices  proved  to  be 
an  epoch-making  one,  his  suggestions  as  to  the  nature  of  the  ultimate 
particles,  based  on  cleavage,  came  very  soon  to  be  treated  as  merely 
diagrammatic,  and  as  ••\]-n--'»inu'  more  than  is  justified  by  the  experimental 
facts. 

Without  following  Haiiy  in  his  speculations  and  arguments,  or  striking 
out  any  new  path  of  deduction  for  themselves,  Weiss1  and  Mohs  2  by 
their  well  known  method  placed  in  a  far  clearer  light  the  ascertained 
facts,  not  only  those  respecting  outward  form,  but  also  the  optical  facts 
relating  to  double,  refraction.  J>y  this  time  the  occurrence  of  many  new 
varieties  of  symmetry  had  been  recognised  both  on  morphological  and  on 
physical  evidence  ;  in  particular  the  existence  of  the  monosymmetric 
system  had  been  established,  and  attempts  were  being  made  to  classify  the 
varieties  of  crystal  forms  according  to  their  symmetry. 

To  this  period  belongs  the  remarkable  work  of  Hessel,3  an  investigation 
which,  though  published  in  1830,  remained  overlooked  until  the  year 
1891,  when  it  was  unearthed  by  Sohncke.1 

Hessel  considered  tho  general  question  of  the  possible  symmetry  of 
solid  plane-faced  figures,  and  then,  by  imposing  tho  limitation  that  these 
figures  should  obey  Haiiy's  law  of  rational  indices,  deduced  the  result 
that  only  thirty-two  types  of  symmetry  are  possible  for  crystals.  This 
achievement  is  all  tho  more  surprising  since,  at  the  time  when  Hessel 
wrote,  comparatively  few  of  these  thirty-two  typos  had  been  discovered 
in  nature.  Tho  same  important  result  was  independently  rediscovered  by 
Gadolin  (18f>7),  to  whose  methods  reference  will  presently  be  made.5 

In  the  previous  year  (I860)  Viktor  von  Lang,  in  his  treatise  on 
crystallography,'1  had  very  clearly  laid  down  the  principles  of  crystal 

1  *I)e  indagando  forruarum  crystallinarum  charactcre  geometrico  principal! 
difescrtatio.'  Lipsiu»,  1809.  *  Uebersichtliche  Parstellung  der  verschiedem»n  natiir- 
liohen  Abtheilungen  der  Krystallisationssysteme  '  (AbhumU.  (LBerLAft.d.Wixaen- 
whaft,  Phys.  Kiasse,  1814-15,  pp.  289-336). 

•  'The  characters  of  the  classes,  orders,  genera,  and  species;  or,  the  character- 
istics of  the  Natural  History  System  of  Mineralogy,'  Edinburgh,  1820.  Treatise  on 
Mineralogy;  or  the  Natural  History  of  the  Mineral  Kingdom  (translated  from  the 
German),  Edinburgh,  1825. 

3  Article  « Krystall*  in  Gehler's  PlnjsdkaL  irortcrbuefi,  1830,  v.  1023-1 340.     Also 
•  Krystallometrie  oder  Kry^tallononiie  mid  KnstallojrTnphic.1     Leipzig,  1831,  and 
reprinted  in  2  vols.  in  Ostwa  d's  Klaus.  tL  cjraltt.  \\'if*.,  1897,  Nos.  88  and  89. 

4  *  Die  Kntdeckun^  des  Kintheilungsprineips  der  Knstalle  duivhJ.  F  0.  Hessel,' 
Xnls.fur  Xryxt.  Min.,  1890,  xviii.  480.    Com])  (troth's  translation  of  (Jadolin's  work 
on  the  same;  Mibject,  Ostwald's  A7/m\  tL  cxaklcn  Wisa.,  >o.  75,  p.  8(>, 

s  See  below,  p.  309. 

a  Lelirbuch  dc,r  Knj*t alloy raph\i\  Wion,  I8i>fi.  Tluity  years  later  he  shows  that 
these  classes  may  be  obtained  on  the  principles  e<lablis»hoci  in  this  work.  8itz\<.ng&j 
Alt.  Wicn,  1890,  cv.,  II  a,  p.  oC2,  and  Ann.  Vhy*.  Mem.,  1890,  Iviii.  pp.-71G-.7i4. 
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symmetry,  and  supplied  a  method  by  which  the  thirty-two  classes  might 
have  been  deduced. 

About  the  time  of  Hessel's  discovery  an  important  change  of  method 
was  introduced  by  Seeber,1  who  did  not,  liko  Ilauy,  consider  the  form  of 
the  constituent  particles,  but  confined  his  attention  to  the  relative  situa- 
tions of  the  centres  of  these  2*1  rt  Men.  According  to  him  the  molecules, 
which  he  supposes  always  to  be  arranged  to  form  a  parallelepipedal  net- 
work, are  separated  from  each  other  by  intervening  spaces.  Much  the 
same  ideas  were  shortly  afterwards  put  forward  by  Oelafosse,2  who,  liko 
See  her,  regarded  crystals  as  consisting  of  molecules  regularly  arranged  in 
this  manner,  but  not  in  contact.  The  following  quotation  shows  that 
the  latter  uses  the  property  of  cleavage  merely  as  mi  evidence  of  the 
existence  of  uniform  internal  symmetry  :  — 

4  Indeed,  from  the  possibility  of  a  cleavage  in  one  particular  plane 
direction,  we  can  only  conclude  that  the  molecules  of  the  crystal,  con- 
sidered as  material  points,  are  distributed  on  a  series  of  parallel  planes  ; 
if  there  are  two  more  cleavages  in  two  new  directions  we  deduce,  us  a 
probable  consequence,  that  the  molecules  must  be  situated  in  a  uniform 
and  symmetrical  manner,  having  their  centres  of  gnn  ity  at  the  points  of 
intersection  of  these  Dories  of  parallel  planes,  and  thus  present  .  .  .  the 
picture  of  a  lattice  with  parallel  figured  meshes.  The  molecules  make  up, 
indifferent  directions,  rectilinear  and  parallel  threads,  in  each  of  which  their 
centres  of  gravity  are  equidistant.  Those  threads  on  the  NUHO  piano  are 
at  equal  distances  from  one  another.  .  .  .  What  Ilauy  •  considers  as  the 
dimensions  of  this  hypothetical  molecule  are  nothing  more  than  the  inter 
vals  which  separate  the  real  molecules  in  the  directions  of  the  edges  or 
axes  of  the  primitive  form/  ;j 

Wollaston  *  while,  like  Hooko,  suggesting  the  presence  of  spherical 
molecules,  had  already  remarked  that,  in  place  of  the  spheres,  mathe- 
matical points  endowed  with  forces  of  attraction  and  repulsion  can  be 
postulated;  l>rew*ter,"'  Dana,'1  and  Forster  7  <-mplo\cd  very  similar 
conceptions. 

We  see,  then,  that  while  speculations  as  to  the  forms  of  the  ultimate 
particles  ere  soon  lost  sight  of,  the  geometrical  idea  which  survives  and  is 
held  in  common  by  various  investigators  is  that  crystal  tttructttn'  cottxixtx 
in  the  similar  repetition  throw/lion  t  xjwre  ufitkuticut  units  trlfhotit  rnntril 
to  their  shape  or  constitution.  The  question  of  the  form  of  the  ultimate 
units  of  crystals,  however  interesting,  has  no  essential  pluc««  in  a  general 
investigation  which  seeks  to  discover  the  various  ways  in  which  ultimate 
parts  may  be  uniformly  repeated,  i.e.,  an  inquiry  into  the  various  types  cf 
homogeneous  structure.  The  purely  geometrical  investigation  is  one, 
which  takes  no  account  of  the.  nature  of  the  physical  and  chemical 
characters  of  crystals,  but  nevertheless  it  is  ono  of  the  greatest  import- 
ance, even  from  the  physical  and  chemical  point  of  \iew,  as  will  bo  wen 
subsequently. 

1  4Versuch  eincr  Erklurnng  dcs  innorn  Baucs  dor  fo-ten  Kfirrer'in  fiilbeit'a 
Annaleu,  dcr  Physlk,  1824,  l*xvi.  pp.  22})  -IMS. 

Recherche  s   sur  la.  orist<ilhsition  eon.sirlorce  sous  les  rappnrU  physiques  ot 

dlwns  savants  ft  VAcadcm.  l(<iy.  do  tiiu'tic. 


math6maHques,'  Mtm.prfaentee*  /tar  dlwns  savants  ft  VAcadcm.  l(<iy.  do  tiiu'tic.  do 
Vlmt.  d<>  France  ISM,  viii.  pp.  011-000 

3  fbid.,  p  649. 

4  MnL  'lrans.t  1813,  pp.  51-63.  *  7W  ,  1830,  pp.  87-Oj. 

6  Silliman's  Amf>*is.an  Journal,  1836,  Scries  1,  xxx.  pp.  275,  296. 

7  Phil.  Mat?.,  1855,  Series  4,  x.  pp.  108-1)5. 
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The  general  problem  of  the  symmetrical  space  arrangements  available 
for  crystals  was  at  first  supposed  to  be  a  comparatively  simple  one. 
Solmcke  remarks  *  that  all  the  various  extensions  of  Haiiy's  theory  put 
forward  by  the  writers  above  referred  to  led  to  the  same  conclusion,  viz., 
that  the  amr-croTi^M*  of  the  middle  points  of  the  crystal  elements  is  that 
of  a  paralleliepipedcai  network  or  *  space-lattice '  (Raumgitter),2  such  as 
that  shown  in  fig.  4. 

In  this  simple  guise  the  problem  was  dealt  with  exhaustively  by 
M.  L.  Frankenheim,  who  investigated  the  different  kinds  of  parallelepi- 
pedal  networks  of  points  (Raumgitter)  possible  in  order  to  ascertain 
whether  these  correspond  to  the  various  types  of  symmetry  presented  by 
crystals.3  He  did  not,  however,  at  first  furnish  any  rigid  proof,  and  his 
classification  of  the  various  kinds  of  symmetry  presented  is  not  perfectly 
satisfactory  :  he  described  fifteen  forms  as  distinct  from  each  other,  whereas 
in  fact  there  are  but  fourteen,  as  was  afterwards  shown  by  Bravais.  He 
states  explicitly  that  the  inquiry  is  founded  solely  on  the  symmetrical 
arrangement  in  space  of  the  ultimate  particles,  and  is  not  based  on  con- 
siderations of  the  magnitude  or  the  shape  of  these  particles,  be  they 

Fit:.  (. 


piano-faced  liko  small  crystals  or  rounded  ;  solid  spheres  or  hollow  com- 
pressible shells  ;  or,  indeed,  mere  centres  of  force.  For  the  purpose  of 
comparison  with  the  fifteen  geometrical  systems  of  points  which  he  has 
discriminated  ho  classifies  crystals  into  fifteen  systems  by  taking  note  of 
<li ffrrfinct'H  in  clrar<ttj<>  tlirtctioH  as  well  as  of  differences  of  crystal  form. 

The  obvious  objection  to  Frankenheim's  treatment  of  the  subject  is 
that  unless  some  appropriate  configuration  be  attributed  to  the  particles — 
and  this  he  expressly  disclaims — no  heinihedral  or  heminmrphous  forma 
are  accounted  for  ;  and  yet,  ns  pointed  out  by  Delafosse,  there  is  no  more 
justification  for  regarding  these  forms  as  subsidiary  than  for  so  regarding 
the  holohedral  forms. 

l>ut  none  the  less  the  solution  of  the  problem  of  the  possible  varieties 
of  space  lattices,  and  the  establishment  of  the  fact  that  in  their  symmetry 
they  correspond  to  the  systems  of  crystals,  marks  a  very  important  advance 
in  the  theory  of  crystal  structure. 

1  Solmcke,  JKnttncMunff  elncr  Theoric  dcr  Kry?lall&1  rutting  p.  17. 

2  K(jc  above,  p.  3(M. 

3  Die  Lehr?  run  flcr  Coftiiaion^  Ikcslau,  18&":  also  'System  dor  Cryslnlle '  in 
JV0?v»  Acta  Acad.  Ctf-s.  ZeojJoklinO'CaroliHtc  Mit.  Cur ,  1842,  xix,  (2),  pp»  I71-<%>(>0, 

1901  X 
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Bravais, 

A  few  years  later,  Frankenheim's  geometrical  investigation  was  sup- 
plied with  rigid  proofs  the  elegance  and  clearness  of  which  ha  ye  excited 
much  admiration.  These  proofs  were  the  work  of  Auguste  Bravais,1  who, 
moreover,  enlarged  the  scope  of  the  inquiry,  and,  not  confining  himself  to 
ascertaining  the  possible  varieties  of  parallelepipedal  arrangement  of  the 
centres  of  the  ultimate  units,  proceeded  to  determine  the  further  varieties 
of  symmetry  which  can  be  discriminated  by  taking  into  account  the 
individual  symmetry  of  these  units,  i.e.,  of  the  hypothetical  atomic  group- 
ings to  which  attention  had  previously  been  directed  by  Delafosse.  His 
work  constitutes  the  first  attempt  to  make  a  rigid  exhaustive  investigation 
of  all  the  different  types  or  varieties  of  symmetry  obtainable  by  arranging 
similar  bodies  or  units  in  space,  in  a  perfectly  uniform  manner  in  every 
possible  way. 

Basing  his  arguments  on  the  homologous  nature  of  parallel  lines  in  a 
crystal,  and  the  consequent  possibility  of  <li-!i:  .riii'liih-.r  in  it  space-units 
which  are  all  alike  and  all  similarly  situated,  and  similarly  orientated* 
Bravais,  like  Haiiy,  regards  every  crystal  as  made  up  of  similar  poly- 
hedral units  or  molecules  3  thus  placed,  and  puts  forward  what  purports 
to  be  a  perfectly  general  treatment  of  the  subject,  independent  of  any  hypo- 
thesis as  to  the  actual  nature  of  the  polyhedral  units.  He  makes,  however, 
the  necessary  assumption  that  these  units  have  a  sufficiently  symmetrical 
shape  or  configuration  to  be  compatible  with  the  general  symmetry  of  the 
system  which  they  constitute.  For  example,  tetrahedral  particles  placed 
to  form  a  cubical  space-lattice  and  appropriately  orientated  will  present 
a  typo  of  symmetry  belonging  to  the  regular  system,  but  particles  whose 
figure  is  a  hexagonal  prism  cannot  be  thus  arranged  to  belong  to  this 
system.  As  a  secondary  matter,  adopting  the  suggestion  of  Delafosse,  he 
regards  each  polyhedron  as  an  actual  crystal  molecule  made  up  of  con- 
stituent atoms.  It  may  be  noted  that  this  supposition  implies  a  more 
intimate  relation  between  the  homologous  parts  of  the  same  unit  (poly- 
cdre)  than  subsists  between  the  homologous  parts  of  contiguous  units, 
whereas  HauVs  theory  only  really  requires  that  the  mass  shall  be 
t'/";///'.//-/'1"'7//  divisible  into  similar  and  similarly  orientated  units  (mole- 
cules soustr  actives)  which  may  or  may  not  be  physical  molecules.  In 
fig.  2,  for  example,  the  coll  ABCD  may  represent  a  molecule,  or  the 
molecules  may  be  supposed  to  be  situated  at  the  points  A,  B,  C,  D. 

Bravais  then  discriminates  between  the  symmetry  due  to  the  arrange- 
ment of  the  centres  in  a  set  of  similar  bodies,  or  crystal  molecules,  having 
a  uniform  disposition  and  orientation,  and  the  individual  symmetry  of  the 
bodies  or  molecules,  and  traces  the  influence  of  the  latter  on  the  symmetry 
of  the  assemblage.  Thus  he  discusses  separately  : — 

1.  The  variety  of  types  of  homogeneous  *  assemblages '  possible,  an 
assemblage  consisting  of  mathematical  points  each  of  which  is  surrounded 
identically  by  the  assemblage  as  a  whole  supposed  infinitely  extended, 
and  this  identity  extending  to  the  relative  orientation.4 

1  Bravais'  first  step  was  to  consider  the  regular  disposition  of  similar  points  on  a 
plane,  an  inquiry  to  which  he  was  led  by  observing  the  regular  arrangement  of 
similar  parts  in  plants  (Compt.  jR«nd.,  1848,  xxvii.  pp.  001-604). 

2  '  Memoire  sur  les  systdmes  forme's  par  des  points  distribu6s  r6gulierement  sur 
un  plan  ou  dans  1'espace,'  Journ.  de,  VKvole  Polytech.,  Paris,  1850,  xix.  p.  127  ;  also 
*  fttudes  Cristallographiques,'  Journ.  dn  /.'JtJcolv  Polyteeh.,  Paris,  J851,  xx,  pp.  102  and 

97,  3  Corresponding  to  the  mottcnhs  soustr actives  of  Uauy,          4  Of.  p.  310, 
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The  assemblage  of  Bravais  is  therefore  clearly  identical  with  the 
parallelepipedal  network  of  points  already  referred  to,  which  had  been 
investigated  by  Frankenheim.' 

2.  The  modifications  of  these  types  of  symmetry  which  are  introduced 
by  employing,  in  place  of  the  points,  symmetrical  figures  (polyedres) 
possessing  a  symmetry  less  than  that  of  the  parallelepipedal  network,5* 
though  compatible  with  it — e.g.,  by  forming  a  cubic  network  of  tetrakedral 
particles  similarly  and  appropriately  orientated. 

Thus  in  following  Bravais'  arguments  with  regard  to  assemblages  we 
note  that,  as  a  rule,  he  ignores  for  the  moment  any  modifying  or  destruc- 
tive effect  exerted  by  the  shape  of  the  units  (polycdres)  on  the  elements 
of  symmetry.'*  He  first  treats  a  system  as  consisting  only  of  the  centres 
of  the  units,  and  after  the  elements  of  symmetry  of  the  system  thus  re- 
garded have  been  established,  lie  considers  the  effect  of  the  sJ^je  of  the 
units  ;  4  this  comes  out  in  his  definition  of  '  faces  de  meme  espece.'  He 
says  :  '  We  will  distinguish  by  the  term,  faces  of  the  same  kind,  as  we 
have  done  in  the  theory  of  assemblages,  those  which  can  be  brought  into 
coincidence,  row  on  row,  by  a  suitable  rotation  or  translation,  the  coin- 
cidence of  the  faces  including  with  it  that  of  the  assemblages.  If,  more- 
over, the  coincidence  includes  also  that  of  the  molecular  polyhedra 
which  may  be  supposed  to  lie  on  the  planes  of  those  faces  and  to  par- 
ticipate in  their  movements,  wo  may  say  that  the  faces  are  of  the  same 
kind,  and,  moreover,  identical.' :>  The  bodies  employed  as  units  have 
in  every  case  uniform  orientation  and  one  which  is  as  symmetrical  as 
possible. 

As  to  the  number  of  kinds  of  symmetrical  arrangement  possible 
included  under  the  first  head,  he  says  :  '  The  degree  of  symmetry  of 
an  assemblage  is  characterised  by  the  number  of  the  axes  of  symmetry 
which  it  possesses,  the  order  of  the  symmetry  of  these  axes  and  their 
relative  situation/  °  As  stated  above,  he  distinguishes  fourteen  forms, 
and  assigns  these  to  seven  classes  or  systems,  according  to  the  number 
and  nature  of  the  axes  of  symmetry  which  pass  through  a  given  node 
(ncsitd)  or  point  of  the  space-lattice.7  The  anorthic  space-lattice  of 
fig.  4  possesses  only  ccntro-symmetry ;  if  its  angles  were  all  right 
angles  it  would  possess  the  symmetry  of  the  ortho-rhombic  system  ; 
if,  in  addition,  its  edges  were  equal  it  would  be  a  cubic  lattice.  The 
similar  bodies  are  called  by  Bravais  in  his  later  work  polyhedra 
(polyrdres) ;  in  his  earlier  work  on  point-systeTas  lie  speaks  ot"  them  as 
summits  (XOHIW^S),  and  suggests  that  for  convenience  of  thought  they  be 
regarded  as  having  some  small  dimensions.  Their  size  and  shape  are, 
however,  in  this  work  generally  kept  in  abeyance,  although,  before 
concluding,  he  refers  to  the  important  effects  of  their  shape  or  composite 
structure  in  producing  heniihedral  and  other  partial  forms.8  Indeed, 
according  to  Bravais7  view,  the  symmetry  of  the  assemblage  is  actually 
determined  by  that  of  the  molecule  or  unit.0 

1  fitudes  CrittaUograpJriQues,  p.  103.  2  Ibid.,  p.  IfU.  «  Tbid.<  p.  103. 

4  This  method  has  been  pushed  to  its  extreme  by  Wullf  and  Jjlnaius.     Comp. 
Schonljics,  Krystallxystcme  u.  J^r^xtallsfmctur,  p.  320. 

5  Etude 6  OristalfoffTaphiqiU!S}  p.  100.  ti  lbid.%  p.  104. 

7  Compt.  Rend.,  1849,  xxix.  p.  135. 

8  Ibid.,  1848,  xxvii.  p.  603.  Comp.  Journ.  dc  Vficole  Poli/techni^uc,  1850,  xix,  p, 
127  ;  and  Etudes  Crixtallographique*,  p.  103, 

9  Etudes  Crist  allograph*  %ues,  p.  202, 
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The  definite  character  of  the  arrangement  of  the  parts  in  the  individual 
unit  he  expresses  thus  :  *  The  geometrical  arrangement  of  the  constituent 
atoms  is  the  same  round  the  centre  of  gravity  of  each  molecule.'  He 
adds  :  'This  last  hypothesis  is  necessary  for  the  explanation  of  the 
phenomena  of  isomerism.'  l  As  a  result  of  the  rigidity,  or  fixed  relation- 
ship, which  Bravais  attributes  to  the  parts  of  his  molecule,  the  arranging 
process  of  crystallisation  is  regarded  by  him  as  partly  consisting  in  the 
rotation  of  the  molecules  in  such  a  way  as  to  bring  about  their  uniform 
orientation.2 

In  his  study  of  homogeneous  assemblages  of  points  Bravais  used  the 
mathematical  conception  of  a  coincidence  movement  (the  Deckbewegung 
of  German  authors),  which  is  now  so  universally  employed  in  studying 
the  symmetry  of  a  system  of  points.  He  supposes  each  point  of  a 
plane  of  points  to  consist  of  two  which  coincide,  arid  then  regards  one 
set  of  points  as  movable,  the  other  set  as  fixed.  A  movement  of  the 
former  set  which  brings  it  to  coincidence  with  the  latter,  point  by  point, 
but  which  shifts  the  position  of  some  or  all  of  the  movable  points,  is  a 
coincidence  movement/1  His  method  practically  consists  of  a  study  of  the 
possible  varieties  of  axes  of  symmetry  and  the  possible  ways  in  which  they 
can  exist  in  a  system  whose  various  parts  can  be  derived  from  each  other 
by  movements  of  translation. 

The  parallelepipedal  nature  of  the  assemblage  results  from  the  fact 
that  it  possesses  movements  of  translation  as  one  sort  of  coincidence 
movements  ;  the  classification  of  assemblages  according  to  their  symmetry 
is  effected  by  considering  the  various  ways  in  which  their  parts  may  be 
derived  from  each  other  by  a  second  sort  of  coincidence  movement  — 
rotation  about  axes  of  two-,  three-,  four-,  or  six  -fold  symmetry,  which 
alone  are  possible  in  such  an  assemblage. 

The  most  general  form  of  coincidence  movement  is  a  screw  spiral,4 
but  such  a  movement  is  not  employed  by  Bravais,  and,  indeed,  had  not 
been  introduced  at  this  period. 

Bravais/3  like  Hauy,  Delafosse,  and  Frankenhoim,  attempts  to  make 
cleavage  throw  light  on  the  nature  of  the  internal  symmetry  prevailing 
in  certain  crystals/'  and  thus  to  assign  particular  crystals  to  a  precise  type 
of  internal  symmetry.  Having  proved  that  in  the  space  -lattice  some 
planes  of  points  are  more  densely  packed  with  points  than  others,  and  are 
at  the  5-ame  time  more  widely  separated  from  the  adjacent  parallel  planes, 
Bravais  shows  how  the  relative  density  of  the  planes  may  bo  ralculatrcl. 
Ho  then  suggests  that  there  is  a  connection  between,  the  relative  density 
of  aggregation  of  the  centres  in  the  different  planes  drawn  in  various 
directions,  find  iho  predisposition  manifested  in  crystals  to  select  certain 
plane  directions  for  their  boundaries. 

A  purely  mathematical  investigation  in  taking  account  of  all  possible 
types  of  interim!  symmetry  naturally  does  not  indicate  why  one  type 
should  be  more  prevalent  than  another.  To  determine  this  point  is 
difficult  ;  indeed,  it  will  probably  be  impossible  till  the  types  of  internal 


CrittallographiqiteS)}).  101.  For  a  suggestion  that  the  poles  of  force  to 
which  polarity  is  clae  ate  the  constituent  atoms  delinitoly  placed  with  respect  to  one 
another  see  ibid.,  p.  104.  2  Ibid.,  p.  107. 

*  J»ur/).  de  I'fleoU  Poll/technique,  1850,  xix.  pp.  8,  2(>,  32,  57,  08.     Cf.  Sohncke's 
definition  of  '  Deckung'  in  J£ntwlclfelung  cine/'  T/tcorir  dcr  Krystallstructur,  p.  28. 

4  Sue  below,  p.  ttll. 

*  Etudes  CristaMographiquet,  p.  202.  6  Ibid.,  p.  107. 
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symmetry  to  which  particular  crystals  belong  can  be  ascertained  with 
more  certainty  than  at  present.  Some  generalisations  on  the  subject  were, 
however,  put  forward  by  Bravais,1  which,  though  evidently  not  intended 
to  form  part  of  his  rigid  .iririirrni.  being  indeed  little  more  than  specula- 
tion, are  interesting  and  suggestive.  Thus  he  says  :  '  We  can  imagine 
from  what  precedes  how  the  structure  of  the  molecular  polyhedron  reacts 
on  that  of  the  crystal  and  determines  the  choice  of  the  system  .  .  .  we 
may  conclude  that  the  molecular  polyhedron  is  symmetrical,  and  that  its 
elements  of  symmetry,  tending  to  pass  to  the  corresponding  assemblage, 
determine  the  structure  of  it.7  * 

With  Bravais'  exhaustive  study  of  the  properties  of  the  space-lattice 
a  very  important  chapter  in  the  history  of  the  theories  of  crystal  structure 
is  closed.  Those  who  hold  that  the  jrolotropic  homogeneity  and  symmetry 
of  a  crystal  are  only  to  be  accounted  for  by  a  uniform  distribution  of 
sameway-orientated  molecules  or  molecular  groups  must  always  take 
their  stand  upon  the  work  of  Bravais.  Further,  the  knowledge  of  the 
properties  of  the  space- lattice  first  provides  a  single  principle  capable  of 
explaining  at  the  same  time  the  law  of  rational  indices,  the  homogeneity 
of  a  crystal  .and  the  main  features  of  crystalline  symmetry  ;  for  not  only 
are  the  fourteen  lattice-  all  homogeneous,  and  their  planes  a  system  of 
crystalline  planes,  but  each  of  them  presents  the  symmetry  characteristic 
of  one  of  the  crystal  systems. 

It  must,  however,  be  remarked  that  systems  of  symmetrical  repetition 
exist  which  obey  the  law  of  rational  indices,  and  are  therefore  possible 
for  crystals,  hut  to  whose  elucidation  the  method  of  Bravais  does  not 
apply.  One  of  these  systems  is  described  later  (p.  314,  fig.  5),  and,  as 
will  be  seen,  some  of  his  conclusions  are  inapplicable  to  types  of  this 
nature. 

The  name  of  Axel  Gadolin3  is  pre-eminently  associated  with  the  very 
important  work  of  deducing  the  existence  of  thirty-two  types  of  crystal 
symmetry  from  the  law  of  rational  indices  alone,  although,  as  already 
remarked,  the  discovery  of  these  types  had  boon  achieved  by  Hessel  many 
years  before.1  The  arguments  used  by  Gadolin,  and,  indeed,  those  of 
Hessel  also,  purport  to  deal  only  with  the  external  form,  and  thus  their 
bearing  on  crystal  structure  is  not  direct.  Nevertheless  the  great  import- 
ance of  the  work  in  question  as  corroborative  evidence  of  the  existence  of 
a  molecular  structure  will  be  perceived  when  it  is  seen,  as  will  he  shown 
presently,  that,  whatever  view  be  held  with  regard  to  the  structure  of  a 
crystal,  the  space-lattice,  and  therefore  also  the  rationality  of  indices, 
must  form  the  basis  of  the  structure  ;  indeed,  the  discovery  of  the.  latter 
was  the  immediate  outcome  of  Kauy's  concept  of  a  uniformly  repeated 
molecular  structure  in  crystals.  Gadolin  himself  points  out  that  his  proof 
fails  to  be  quite  general  on  account  of  a  certain  peculiar  case  of  pseudo- 
trigonal  symmetry, :>  which  has  subsequently  been  the  subject  of  much  dis- 
cussion.0 It  has  been  held  that  for  this  reason  we  are  driven  to  base  the 


1   Etudes  C  ••"    "         •  "       -   p.  203.  -  7W.,  pp.  203,  20  L 

3  *  Momoirt  •  .•    :i  •     •    d'un  setil  principo  do  tousles  systcmcs  cristallo- 
graphiques  avoc  Icur  subdivisions/  Arta  tin:  Ncimt.  Pennies  1S<>7,  \ol.  ix.  pp.  1-71, 
and  separately,  Helsingfors,  1871,  translated  by  liroth   in  Ostwald's  Ktasudkcr  de? 
vxaktcn  Wisscnsvhaften,  No.  75. 

4  Sec  above,  p.  303,  *  *  Mcmoirc  snr  la  deduction,'  &c.,  p,  50. 
Hecht,  tfarfir.  d.  K.  Ge*.  (L  Witt.  Gdttinffcn,  18W,  pp,  239-217;  M-ues 

>A    nn    «>4«_9r»9.  •    Vprinmvr    ^/'j/ff     AW«/  '  Min      IKflfi    vnl    xviv  nn    <>.U 
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deduction  of  the  thirty-two  classes  directly  on  the  existence  of  a  homogeneous 
molecular  structure  and  not  upon  morphological  considerations  alone. 
Yet  it  must  be  confessed  that  the  various  possible  types  of  crystal  sym- 
metry were  clearly  and  completely  laid  down  by  the  morphologists  without 
any  further  speculation  regarding  structure  than  is  necessitated  by  Haiiy's 
law,  and  that  every  successive  advance  in  the  structure  theories  has  been 
guided  or  corrected  by  the  knowledge  so  obtained, 

The  Principle  of  Symmetrical  E^etition  in  Space. 

Shortly  after  the  publication  by  Bravais  of  his  elaborate  and  elegant 
work,  a  new  departure  was  made  in  the  elucidation  of  homogeneity  of 
structure,  the  importance  of  which  can  scarcely  be  overrated, 

The  first  step  was  taken  by  Chr.  Wiener,1  who  laid  down  the  principle 
that  regularity  in  the  arrangement  of  identical  atoms  is  presented  when 
every  atom  has  the  remaining  atoms  arranged  about  it  in  the  same 
manner  ; 2  thus  making  homogeneity  depend  primarily  on  tho  continual 
repetition  throughout  space  of  the  same  relation  between  an  element  and 
the  entire  structure,  regarded  as  unlimited,  instead  of  laying  stress  on 
sameway  orientation.3  The  principle  adopted  by  Wiener,  when  employed 
in  all  its  generality,  leads  to  an  adequate  classiiication,  according  to  their 
symmetry,  of  all  cases  of  identical  repetition  throughout  space  whatever.4 

The  possibility  of  partitioning  a  homogeneous  structure  into  similar 
sameway-orientated  parts  whose  centres  form  a  parallelepipedal  lattice  r> 
must  always  be  the  important  property  which  enables  us  to  trace  to  its 
source  Haiiy's  great  law  of  the  rationality  of  indices  ;  but  this  possibility 
is  only  a  collateral  fact  when  Wiener's  principle  is  discussed  ;  indeed,  tho 
carrying  out  of  such  a  partitioning,  while  always  possible,0  often  compli- 
cates instead  of  simplifying  matters  so  far  as  the  symmetry  is  concerned.7 
The  problem  to  be  solved,  presented  in  its  most  general  form,  is  not  even 
to  find  under  what  conditions  the  separation  of  the  structure  into  similar 
composite  units  of  any  sort  can  take  place,  but  simply  the  analysis  of  the 
nature  of  the  repetition  in  space  of  the  similar  parts. 

Jordan. 

Although  Wiener  made  some  interesting  applications  of  his  principle 
and  described  several  kinds  of  symmetrical  repetition  in  space  which  are 
examples  of  it,  he  did  not  deal  with  the  subject  exhaustively  ;  the  solution 
of  the  general  problem  was  effected  by  Camille  Jordan  in  a  memoir  the 
title  of  which  contains  no  reference  to  homogeneity  or  to  crystals.8  This 
mathematician  has  furnished  a  perfectly  general  method  of  defining  the 
regular  repetition  in  space  of  identical  parts,  and  has  shown  that  tho  typical 
cases  of  such  repetition  are  limited  in  number.  He  points  out  that,  when 

Viola,  Hid  ,  1806,  vol.  xxvi.  p.  128,  and  1807,  xxvii.  pp.  300-405  ;  De  Sou za-R rand fto, 
Zeits.  Kryst.  Min.,  1894,  vol.  xxiii.  pp.  249-258,  and  1897,  vol.  xxvii.  pp.  516-556; 
Barlow,  Phil.  Mag.,  1901,  scries  6,  vol.  i.  p.  3. 

1  Die  Grundziige  tier  Weltordnung,  Leipzig  and  Heidelberg,  1869. 

2  *  Die  Regelmiishigkeit  findet  dann  statt,  wenn  jedes  Atom  die  anclcrcn  Atomo  in 
ubereinstimmender  Weise  um  sich  gestellt  hat,'  iUd.t  p.  82. 

3  Of.  Mm.  Mag.,  1896,  vol.  xi.  p,  119.  *  See  below,  p.  321. 

5  Sohncke's  JSntmckelunff  ciner  Tlieorie  der  KrystalhtruTttur,  p.  207. 

6  Krystallsysteme  und  Kryst  allstructur,  p.  360.     Comp.  Phil.  May.,  1001,  series  G, 
vol.  i.  p.  19.  7  Comp.  Min.  Mag.,  1896,  vol.  xi,  p.  125. 

8  'MSmoire  sur  les  Groupes  de  Mouvements.'    Annali  di  matematiw  pwra,  ed 
wpplicata,  Jiilano,  1869,  series  2,  vol.  U.  pp.  167  315,  322-345, 
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identical  repetition  of  its  parts  is  exhibited  by  any  mechanical  or  geo- 
metrical rigid  system,  this  system  being,  in  some  of  the  cases,  supposed 
infinitely  extended  in  every  direction,  a  certain  definite  series  or  group  of 
correlated  movements  may  be  employed,  each  term  of  which  is  a  movement 
of  such  a  nature  that,  while  the  system  is  actually  shifted  by  it,  the  appear- 
ance after  the  movement  has  taken  place  is  absolutely  unchanged,  every 
point  moved  being  caused  to  travel  to  the  place  previously  occupied  by 
some  homologous  point.1  The  fundamental  condition  that  such  a  group 
of  movements  may  exist  is  that  homologous  parts  everywhere  bear  an 
identical  relation  to  the  system  as  a  whole  ;  the  members  of  the  group 
are  so  related  that  every  individual  movement  may  be  regarded  as  the 
resultant  of  some  two  or  more  movements  also  belonging  to  the  group.2 

While  it  is  always  found  possible  to  partition  any  system  of  this  kind, 
in  which  the  repetitions  are  continually  repeated  in  every  direction,  in 
such  a  way  that  the  units  obtained  are  all  alike  and  sameway-orientuttd, 
as  in  Bravaii?  systems*  the  latter  property  is,  as  has  been  said,  but  a 
secondary  one,  and  not  of  the  nature  of  a  definition,  the  condition  stated 
above  constituting  a  definition  complete  in  itself.  A  homogeneous  struc- 
ture can  thus  be  classed  according  to  the  type  of  the  infinite  group  of 
coincidence  movements  which  connect  all  its  homologous  parts. 

The  obvious  ad\U!it,'ue  of  this  method  of  dealing  with  homogeneity  is 
its  complete  generality — that  it  requires  no  further  limitation  of  the 
nature  of  the  homogeneous  structure  than  that  which  prescribes  the  kind 
of  repetition  presented  by  its  homologous  parts.1  Thus  if  molecules  of  a 
certain  individual  symmetry  with  a  relative  space-lattice  arrangement  of 
some  kind  are  postulated,  after  the  manner  of  Bravais  and  others,  Jordan's 
method,  unlike  Bravais',  deals  in  one  process  both  with  the  symmetry  of 
the  individual,  so  far  as  this  affects  the  general  symmetry,  and  also  with 
the  symmetry  of  urMMjr.-isit-n1  All  possible  molecular  theories  of  crystals 
can  alike  be  subjected  to  Jordan's  method,  and  it  is  independent  of 
them  all. 

The  following  is  the  course  of  Jordan's  argument  : — After  reminding 
his  readers  that  every  movement  of  a  solid  body  in  space  can  be  regarded 
as  a  screw-spiral  movement,  he  remarks  that  such  a  movement  is  fully 
known  when  we  are  given — 

1.  The  situation  in  space  of  the  axis  of  rotation  A,  which  has  also  the 
direction  of  translation. 

2.  The  angle  T,  through  which  the  solid  is  turned  about  the  axis. 

3.  The  longitudinal  displacement  /,  to  which  the  body  is  subjected  in 
the  direction  of  the  axis. 

He  then  observes  that  the  displacement  produced  by  two  or  more 
such  movements  made  successively  can  also  be  produced  by  a  single  screw- 
spiral  movement  of  some  kind  ;  and  the  resultant  of  a  number  of  move- 
ments successively  made  can  bo  definitely  expressed  in  the  terms  just  laid 
down  if  the  expressions  for  the  component  movements  are  known. 

Jordan  next  proceeds  to  point  out  that,  a  few  movements  being  given, 
it  is  possible  to  arrive  at  all  tho  various  movements  or  displacements 

1  For  a  definition  of  a  coincidence  movement  see  Sohnckc's  Knttvicltclung  einet 
Thcorie  dor  Kry»t(tllstntktur%  p.  28,  or  Mln.  May.,  181)6,  vol.  xi.  p.  125,  note  3.  Comp. 
Schor: flies,  Krystallxysteme  imd  Kryntalhtrucivr,  p.  54. 

u  Schb'nflies,  Krystallsystcme  und  A'rt/stallstritctur,  pp.  256  and  359. 

3  See  above,  p.  306. 

4  Cf.  Scaonflies,  Krystallsysteme  und  Kryttallstructur,  p.  44,  par.  2. 
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obtainable  by  combining  these  given  movements  executed  successively  any 
number  of  times  in  any  order  whatever.  Of  groins  of  movements  arrived 
at  in  this  way,  some  are  of  a  finite  character,  and  some  contain  movements 
infinitely  small  ;  the  remaining  kind — those  which  consist  of  movements 
whose  loci  extend  infinitely  throughout  space  in  every  direction,  and 
which  are  none  of  them  infinitely  small  as  compared  with  the  others- 
comprise,  as  was  subsequently  perceived,1  all  those  that  are  available  for 
the  production  or  definition  of  homogeneous  structures  which  display  the 
symmetry  of  crystals.2 

The  movements  belonging  to  an  infinite  group  of  movements,  like  any 
individual  movement,  can  be  completely  defined  by  reference  to  certain 
axes  of  rotation  and  directions  of  translation  ;  but  for  the  sake  of  per- 
spicuity it  is  desirable  to  place  a  number  of  similar  particles  or  bodies  in 
all  the  positions,  throughout  some  considerable  space,  to  which  one  of 
them  would  be  moved  by  the  various  movements  constituting  the  group. 
When  this  is  done  the  kind  of  symmetry  presented  by  the  system  formed 
of  the  group  of  movements  can  be  readily  perceived,3  and  at  the  same 
time  the  nature  of  the  parts  repeated  can  be  left  an  open  question. 

If  it  be  desired  by  the  crystallographer  to  find  in  a  given  homogeneous 
system  a  complete  set  of  identical  planes  by  means  of  the  group  of  move- 
ments proper  to  the  system,  the  following  course  may  be  adopted. 

Take  three  points — A,  B,  C — whose  identical  relation  to  the  system 
is  such  that  the  aspect  of  the  unlimited  structure  is  the  same  and  presents 
the  same  orientation  viewed  from  each  of  them,  and  let  their  distances 
apart  be  not  great  as  compared  with  the  minimum  distances  so  pa  rating 
homologous  parts  of  the  structure.  The  repeated  carrying  out  of  the 
three  translations — AB,  BC,  CA  in  both  directions — will  locate  an  infini- 
tude of  points  lying  in  the  plane  of  the  three  points,  and  all  having 
precisely  the  same  relation  to  the  structure  as  that  presented  for  the  latter. 
This  plane  may  therefore  be  designated  a  homogeneous  plane,*  and  since 
the  translations  of  the  structure  are  not  infinitesimal,  it  is  easy  to  prove 
that  a  plane  so  situated  will  obey  the  law  of  the  rationality  of  indices 
when  referred  to  axes  which  pass  through  strings  of  identical  points.5 
When  such  a  plane  is  subjected  to  the  various  coincidence-movements 
constituting  the  group  characteristic  of  the  structure,  an  infinite  set  of 
planes  is  found,  which  all  have  an  identical  relation  to  the  structure. 
The  number  of  different  orientations  presented  by  the  planes  is  limited. 

SvJmcke. 

The  treatment  of  homogeneity  of  structure  by  Jordan's  method  leads 
to  a  classification   which   discriminates   the    various  types  of   identical 

1  See  below,  p.  1315.     Cf.  KrystalUystcme  u.  Krystallstruclur,  pp  oGO  and  03(5 ; 
also  see  above,  note  3,  p.  298. 

2  It  is  interesting  to  notice  that  Jordan  does  not  appear  to  have  regarded  his 
work  as  throwing  any  fresh  light  on  crystal  structure,  but  treats  Bravais'  work  as 
complete  in  this  direction.     He  says:  'M,  Bravais  has  studied  this  question;  the 
particular  cases  which  he  has  discussed,  and  of  which  he  has  made  a  remarkable 
application  to  crystallography,  are  the  most  important,     Nevertheless   I   believe 
there  is  at  the  present  time  some  interest  in  treating  the  problem  quite  generally/ 
(M&nwire  sur  les  Groiipes  do  Moitvements,  p.  168.) 

3  See  Mm.  Mag.,  1896,  xi.  p.  113,  and  see  below,  p.  333. 

4  See  Phil.  Mag.,  1901,  series  (>,  i.  p.  19. 

5  The  hypothesis  with  regard  to  crystals  is  that  their  faces  lie  in  homogeneous 
planes.    See  Bravais,  Etudes  CrystaUvgrairfiiyucs,  p.  103. 
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The  assemblage  of  Bravais  is  therefore  clearly  identical  with  the 
parallelepipedal  network  of  points  already  referred  to,  which  had  been 
investigated  by  Frankenheim. - 

2.  The  modifications  of  these  types  of  symmetry  which  are  introduced 
by  employing,  in  place  of  the  points,  symmetrical  figures  (polyedrea) 
possessing  a  symmetry  less  than  that  of  the  parallelepipedal  network,5* 
though  compatible  with  it — e.g.,  by  forming  a  cubic  network  of  tetrahedral 
particles  similarly  and  appropriately  orientated. 

Thus  in  following  Bravais'  arguments  with  regard  to  assemblages  we 
note  that,  as  a  rule,  he  ignores  for  the  moment  any  modifying  or  destruc- 
tive effect  exerted  by  the  shape  of  the  units  (polycdres)  on  the  elements 
of  symmetry/'  He  first  treats  a  system  as  consisting  only  of  the  centres 
of  the  units,  and  after  the  elements  of  symmetry  of  the  system  thus  re- 
garded have  been  established,  lie  considers  the  effect  of  the  shajw  of  the 
units  ;  4  this  comes  out  in  his  definition  of  '  faces  de  meme  espece.'  He 
says  :  '  We  will  distinguish  by  the  term,  faces  of  the  same  kind,  as  we 
have  done  in  the  theory  of  assemblages,  those  which  can  be  brought  into 
coincidence,  row  on  row,  by  a  suitable  rotation  or  translation,  the  coin- 
cidence of  the  faces  including  with  it  that  of  the  assemblages.  If,  more- 
over, the  coincidence  includes  also  that  of  the  molecular  polyhedra 
which  may  be  supposed  to  lie  on  the  planes  of  those  faces  and  to  par- 
ticipate in  their  movements,  wo  may  say  that  the  faces  are  of  the  same 
kind,  and,  moreover,  identical.' :>  The  bodies  employed  as  units  have 
in  every  case  uniform  orientation  and  one  which  is  as  symmetrical  as 
possible. 

As  to  the  number  of  kinds  of  symmetrical  arrangement  possible 
included  under  the  first  head,  he  says  :  '  The  degree  of  symmetry  of 
an  assemblage  is  characterised  by  the  number  of  the  axes  of  symmetry 
which  it  possesses,  the  order  of  the  .symmetry  of  these  axes  and  their 
relative  situation/  °  As  stated  above,  he  distinguishes  fourteen  forms, 
and  assigns  these  to  seven  classes  or  systems,  according  to  the  number 
and  nature  of  the  axes  of  symmetry  which  pass  through  a  given  node 
(nceitd)  or  point  of  the  space-lattice.7  The  anorthic  space-lattice  of 
fig.  4  possesses  only  ccntro-symmetry ;  if  its  angles  were  all  right 
angles  it  would  possess  the  symmetry  of  the  ortho-rhombic  system  ; 
if,  in  addition,  its  edges  were  equal  it  would  be  a  cubic  lattice.  The 
similar  bodies  are  called  by  Bravais  in  his  later  work  polyhedra 
(polyi'dres) ;  in  his  earlier  work  on  point-systeras  lie  speaks  ot"  them  as 
summits  (XOHIW^S),  and  suggests  that  for  convenience  of  thought  they  be 
regarded  as  having  some  small  dimensions.  Their  size  and  shape  are, 
however,  in  this  work  generally  kept  in  abeyance,  although,  before 
concluding,  he  refers  to  the  important  effects  of  their  shape  or  composite 
structure  in  producing  heniihedral  and  other  partial  forms.8  Indeed, 
according  to  Bravais7  view,  the  symmetry  of  the  assemblage  is  actually 
determined  by  that  of  the  molecule  or  unit.0 

1  fitudet  CristaVagrapJriQue^  p.  103.  2  Ibid.,  p.  10J.  *  Ibid.,  p.  103. 

*  This  method  has  been  pushed  to  its  extreme  by  Wulif  and  Jjlnaius.  Couip. 
Schonljics,  KrystallnyxtcMe  ti.  Kryxtallstructur,  p.  320. 

5  Ktndcs  CristallvfjTapldqiics,  p.  100.  ti  Ibid.,  p.  104. 

7  Compt.  Rend.,  1849,  xxix.  p.  135. 

8  Ibid.)  1848,  xxvii.  p.  603.  Comp.  Journ.  dc  V$cole  Poll/technique^  1850,  xix,  p, 
127  ;  and  fitudes  Cristallographique**  p.  103, 

9  Etudes  CristallographiqiieU)  p.  202, 
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Hence  the  points  of  the  Sohncke-system  may  always  be  grouped  together 
in  sets  such  that  the  centres  of  gravity  of  the  sets  constitute  some  space- 
lattice,  The  law  of  rational  indices  is,  therefore,  applicable  to  a  Sohncke- 
system  as  well  as  to  the  space-lattice. 

Fig.  5,  for  example,  represents  a  Sohncke-system  of  points  possessing 
screw-axes  of  hexagonal  symmetry  at  B,  C,  D  (No.  46  of  Sohncke's 
treatise).  A  point  is  brought  into  coincidence  with  a  neighbouring 
point  by  giving  the  system  a  rotation  of  GO0  about  one  of  these  axes, 
accompanied  by  a  translation  along  the  axis. 

If  every  set  of  six  points,  such  as  c,,  c2,  c3,  c/,  c./j  c3',  be  regarded  as 
grouped  about  a  single  point  at  their  centre  of  gravity,  y,  the  Sohncke- 
system  of  fig.  5  can  be  treated  as  composed  of  groups  of  six  points  whose 
centres  form  the  space-lattice  of  tig.  6,  in  which  the  points  all  lie  at  equal 
intervals  on  straight  lines.1  (The  lattice  of  fig.  6,  like  that  of  fig.  2, 
possesses  trigonal  axes.)  The  Sohncke-system  may  therefore  be  regarded 


as  consisting  of  six  similar  lattices  constructed  from  o,,  r.,,  <%„  r/,  c/,  rt.,'  ; 
the  planes  whose  directions  are  given  by  any  such  points  as  /3,  y,  <"  form 
a  crystalline  system  of  planes  which  obey  the  law  of  rational  indices. 
They  may,  therefore,  be  taken  to  represent  the  faces  of  the  crystal. 

In  such  systems,  and  in  others  to  be  described  below,  it  must  bo 
remembered  that  the  points  of  the  figure  may  represent  merely  homologous 
points  in  the  material  of  which  the  crystal  consists,  whatever  may  be 
the  nature  of  that  material ;  it  is  not  necessary  to  regard  them  as  repre- 
senting atoms  or  molecules,  or  as  presupposing  anything  relating  to 
atoms  or  molecules. 

1  A  lattice  formed  of  points  vertically  midway  between  the  points  of  the  one 
figure  applies  equally  well,  since  the  points  of  the  Sohncke-system  can  just  as 
symmetrically  be  allotted  to  form  groups  having  these  other  points  as  centres. 
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Further,  it  must  be  noted  that  the  system  of  coincidence-movements 
of  fig.  5  does  not  necessarily  possess  any  planes  of  symmetry.  The  mere 
Sohncke-system  of  points  or  a  system  of  spheres  placed  at  the  points  of 
fig.  5  would  possess  planes  of  symmetry,  but  a  parallel  system  of  un- 
symmetrical  pear-shaped  bodies  would  not. 

The  application  of  Bravais'  method  to  a  system  of  this  kind  is  incon- 
venient because  it  is  impossible  to  partition  it  into  identical  same-way 
orientated  units  of  any  kind  without  luwcriny  tint.  Kymmrtry  ly  the  act  of 
partitioning.  Thus  in  the  case  in  question  jm  hexagonal  axis  is  impos- 
sible for  the  unit  because  the  hexagonal  axes  present  in  the  system  are 
none  of  them  mere  axes  of  rotation,  and,  therefore,  the  movements  about 
them  are  incapable  of  bringing  any  conceivable  unit  to  coincidence  with 
itself.  This  renders  some  important  conclusions  of  Bravais  ir.applicable 
to  such  a  system.  Thus  he  argues  that  in  all  holohedral  crystals  the 
molecular  polyhedra  possess  the;  same  axes  and  planes  of  symmetry  as 
the  assemblage.  Now  the  system  of  hexagonal  symmetry  just  described 
becomes  holohedral  if  it  consists  of  points  or  spheres  lying  on  planes 


dran-n  through  the  nearest  Itesnyonat  tt.w$,  and  yet,  as  just  remarked,  no 
kind  of  partitioning  can  produce  in  it  units  having  hexagonal  axes. 

Regarded  as  an  investigation  of  the  total  number  of  ways  in  which 
identic*!/  repetition  can  take  place,  and,  therefore,  as  an  investigation  of 
the  number  of  types  of  homogeneous  structure  so  obtainable,  Hohnckc's 
work  is  exhaustive  and  complete,  lie  begins  without  any  assumption 
involving  knowledge  of  previous  views  or  methods,  and  rigidly  deduces 
tho  total  number  of  types  just  mentioned.1  I  Us  method,  however,  is  not 
free  from  objection,  since,  in  order  to  account  for  the  thirty-two  different 
classes,  he  is,  like  Bravais,  driven  to  make  the  symmetry  of  a  system 
depend  partly  on  the  arrangement  of  the  ultimata  parts  or  atoms  and 
partly  on  the  configuration  of  these  atoms,  lie  treats  the  parts  repeated 


1  See  ift.,  p.  iv. :  ' .  . .  ich  die  ganzc  Untorsuchunjr,  soweit  sieauf  Krystallographie 
Bozug  hat,  selbststiindig  von  vorn  anting,  natiirhch  mit  Bcnutzuug  des  be\vahrteD 
Grundgcdankens  tier  Jordan'schen  Methode,' 
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as  points  or  particles  of  perfectly  regular  (spherical)  form,  or  at  least 
ignores  their  polarity  if  they  have  any,  and,  as  a  consequence  of  this 
supposed  regularity  of  the  atoms,  he  attributes  to  some  of  Jordan's 
systems  an  additional  element  of  symmetry  not  necessarily  involved  by 
their  coincidence  movements.  Thus  he  regards  some  of  the  sixty-five 
types  as  necessarily  possessing  planes  of  symmetry.1  When,  however,  he 
comes  to  speak  of  hemimorphous  crystals,  i.e.,  those  which  are  differently 
terminated  at  opposite  ends  of  an  axis  of  symmetry,  lie  follows  the 
example  of  Bravais — at  least  in  his  earlier  writings — and  resorts  to  the 
supplementary  hypothesis  that  the  molecules  possess  polarity.'2 

The  problem  which  Sohncke  sets  himself  to  solve  is,  then,  the  con- 
struction of  all  kinds  of  regular  —  i.e  ,  homogeneously  arranged  :J — assem- 
blages composed  of  sets  of  identical  particles,  the  shape  of  the  particles 
being  ignored,  or,  in  other  words,  treated  as  quite  regular,  i.e.,  spherical.4 
If  he  had  succeeded  in  forming  on  these  lines  simple  assemblages  amony 
ivhich  were  represented  all  the  thirty -two  clauses  of  crystal  symmetry,  his 
work  would  have  been  consistent  with  the  supposition  that  crystals 
consist  in  every  case  of  a  single  kind  of  molecule  whose  shape  and 
constitution  are  destitute  of  polarity,  the  symmetry  of  the  structure  being 
entirely  determined  by  the  relative  situations  of  the  molecules,  lie  did 
not,  apparently,  at  any  time  hope  to  completely  achieve  this,  for  he 
admitted  the  necessity  of  a  supplementary  hypothesis  to  account  for 
hemimorphism  ;  but,  save  for  the  few  cases  of  this  property,  he  appears,  in 
the  first  instance,  to  have  hoped  to  reach  an  adequate  theory  based  solely 
on  the  relative  position  of  the  molecules,  without  taking  account  of  their 
shape. 

The  insufficiency  of  Sohncke's  earlier  theory  that  the  molecules 
are  perfectly  regular  and  all  of  one  kind,  and  idcnt  \coU\j  related  to  the 
structure  as  a  whole,  was  presently  pointed  out  by  several  writers,  among 
whom  may  be  mentioned  WultFfl  and  Hang,1*  the  former  in  particular 
having  called  attention  to  the  existence  of  certain  known  crystal  forms, 
namely,  those  possessing  the  symmetry  of  the  mineral  dioptase,  which 
are  not  found  represented  among  the  sixty-five  systems. 

Sohncke  himself  subsequently  confessed  the  inadequacy  of  the  theory 
in  question,7  and  was  led  to  enlarge  his  method.  Thus,  after  iv\  irw  ing 
some  examples  of  more  generalised  point-systems  devised  by  \Vollaston, 
Barlow,  and  Haag,  he  suggested  the  following  modified  theory  : — 

Instead  of  regarding  the  spherical  particles  or  points  composing  a 
homogeneous  assemblage  as  all  of  one  kind,  let  a  limited  number  of  kinds 

1  Zrit*.  Kryst.  Min.,  1892,  vol.  xx.  p.  448. 

'2  Entwicltclung  einer  Theorift,  etc.,  p.  200. 

3  Sec  Wiener's  definition  of  homogeneity  in  Grwidziige  (Jcr  Weltordnwng,  p.  82 
et  scq.  Cf.  Min.  Mag.,  189G,  vol.  xi.  p.  120. 

1  Comp.  JKrystallsy xtemc  mid  Kryxtalhtrurtur,  pp.  505,  r»9G,  and  p.  612.  Sohncke 
says  (Zeits.  Kryst*  Min.,  1802,  vol.  xx.  p.  452) :  *  I  have  always  considered  the  elemen- 
tary particles  to  possess  only  so  much  symmetry  that  they  do  not  disturb  the  ^jmmetry 
of  the  point-system.'  The  effect  of  this  is  that,  so  far  as  the  general  symmetry  i» 
concerned,  they  behave  as  though  they  were  spherical. 

5  'Ueber  die  regelmiissigen  Punktsysteme,'  Zcilx.  Kryst.  Min.,  1888,  vol.  xiii. 
pp.  503-5G6. 

"  Die  reguldren  K'nistallUoryer,  Rothweil,  1887  (sec  reference  in  Zeits.  Kryst. 
Min.,  1888,  vol.  xvi.  p.  501). 

7  '  Bemerkungen  zu  Herrn  Wulff's  Theorie  der  Krystallstructur,'  Zeits.  Kry&t.  Min.t 
vol.  siv.  417.  See  also  '  Erweiterung  der  ^heorie  der  Kryatfiljstructur/  j#.,  p.  420, 
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(1,  2,  3,  or  n)  be  present,  the  component  assemblage  formed  by  each 
kind,  taken  by  itself,  being  homogeneously  arranged,  and  all  the  different 
kinds  possessing  identical  systems  of  axes  and  having  the  same  set  of 
translations  common  to  them.1 

Sohncke's  aim  is,  as  has  been  said,  to  produce  the  requisite  varieties 
of  symmetry  by  arranging  regular  or  sphvric<d  particles  homogeneously* 
This  he  succeeds  in  doing  by  his  enlarged  method,  and  is  now  able  to 
cover  the  cases  of  hemimorphism.2  Instead,  however,  of  merely  stipulating 
that  the  component  point-systems  shall  have  the  same  translations  common 
to  them,  and  possess  identical  systems  of  axes,  he  ou^ht  to  have  stipulated 
that  they  shall  have  all,  thvir  coincide  nM-inocnwi  its  in  common.3 

For  all  the  coincidence-movements  which  characterise  the  combined 
system  as  a  whole  must  obviously  bo  obeyed  by  every  particle  within  it, 
and  it  is  only  these  movements  which  really  belong  to  the  component- 
systems  as  found  in  the  structure.  In  other  words,  if  there  are  other 
coincidence-movements  in  addition  to  these,  which  a  set  of  points  would 
have  if  taken  alon^  such  movements  must  for  the,  combined  system  be 
regarded  as  non-existent,  and  only  thoa?  points  of  such  a  set  v*ill  harp 
identical  positions  in  the  entire  syKtvm  irhich  can  he  brought  to  coincidence 
by  the.  surviving  inui'nncnts,  is.,  by  those  which  characterise  the  structure 
us  a  whole,  After  making  this  distinction  it  will  usually  be  possible  to 
detect  two  or  more  different  kinds  of  points  forming  two  or  more  different 
subsidiary  point-systems,  which  must  be  counted  separately,  as  many 
systems  being  discriminated  as  there  are  varieties  of  position  of  the 
points.  When  this  is  done  the  various  different  point-systems  present 
will  have  all  their  coincidence  movements  in  common,  these  movements 
being  those  characteristic  of  the  combined  system  as  a  whole. 

Reference  to  an  example  may  make  this  clearer  to  those  who  are 
familiar  with  Sohncke's  treatise.  Let  two  point-systems  (a  and  b)  be 
taken,  each  of  which,  when  regarded  apart  from  the  other,  presents  the 
same  instance  of  type  No.  2  of  Solmcke,  and  which  have  their  systems  of 
axes  and  their  translations  identical  ;  let  them  be  combined  in  such  a 
way  that  they  are  sameway-oiientated  and  have  the  two  sets  of  points 
lying  in  the  same  planes,  but  with  the  axes  distinct.  See  tig.  7,  in  which, 
to  distinguish  the  two  systems,  one  (/>)  is  represented  in  dotted  lines. 
Either  system  consists  of  a  series  of  equidistant  parallel  planes,  each 
beset  with  particles  in  the  same  way  ;  and  the  diagram  is  one  such  plane  ; 
the  points  in  the  succeeding  planes  lie  vertically  below  those  in  the 
diagram.  Then  the  combination  thus  formed  must  be  regarded  as  con- 
sisting of  four  separate  point-systems,  not  of  two  only,  for  the  positions  in 
the  composite  structure  occupied  by  the  points  are  ot  four  different  kinds. 
Each  of  the  four  sets  is  destitute  of  axes;  the  composite  system  has 
merely  the  symmetry  which  it  would  have  had  if  constructed  of  four 
distinct  point- systems,  each  possessing  the  translations  common  to  the 
two  initial  systems,  and  consisting  of  points  lying  in  the  same  planes. 

In  Sohncke's  work  rigid  geometrical  results  are  closely  interwoven 

»  Zvitt.  h'ryst.  J/iw.,  1888,  vol.  xiv.  p.  4M.     Coinp.  tb  ,  1S<J2,  \ol.  xx.  p.  -IHG. 

-  For  further  applications  of  his  method  tec  'ZweiTLeoricn  derlvrystullstructur,' 
Znt*.  Kryxt.  Miti.,  IhOL',  vol.  xx.  p.  -155, 

3  Sohnckc  was  disposed  at  first  to  make  this  stipulation,  but  did  not  perceive  its 
necessity;  ho  afterwards  di-linitoly  adopted  llio  less  precise  one  to  which  objection 
is  hero  taken.  Comp.  Zcits.  Xrt/*t.  J/i«.,  18SS,  vol.  xiv,  p.  Ml,  and  1392,  vol.  xx. 
p.  45G. 
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with  theoretical  considerations  relating  to  systems  of  regular  particles, 
and  the  very  title  of  his  principal  treatise,  '  Entwickelung  einer  Theorie 
der  Krystallstruktur/  shows  that  he  addresses  himself  rather  to  establish- 
ing a  physical  theory  than  to  the  demonstration  of  a  set  of  purely 
geometrical  propositions.  From  the  geometrical  point  of  view,  his 
investigation  constitutes,  as  has  been  said,  a  completion  of  Camille 
Jordan's  work,  already  referred  to  :  he  has  traced  the  symmetrical  features 
of  the  various  infinite  groups  of  movements  described  by  the  latter,  and 
has  discovered  a  number  of  additional  groups  which  Jordan  had  over- 
looked ; l  so  far  his  work  is  i1  !'••;.  •.:  'A  a  mathematical  demonstration, 
not  a  plausible  theory.  Jordan's  groups  of  movements  constitute  purely 
geometrical  configurations,  and  their  symmetrical  features  are  perfectly 
definite  and  traceable  tvitkout  postulating  the  nature  of  the  structure  which 
repeats  itself  throughout  8pa<w  ;  it  is  not  essential  to  the  geometrical 
reasoning  that  this  structure  shall  consist  of  a  Sohnckian  assemblage  of 

FIG.  7. 
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discrete  particles  separated  by  void  spaces  ; 2  its  constitution  may  indeed 
remain  quite  undefined,  so  long  as  it  is  capable  of  the  requisite  coinci- 
dence-movements. 

With  Sohncke,  however,  the  crystal  element  is  not  devoid  uf  a  certain 
hypothHh'al  character,  as  is  shown  by  his  em].l«>yine!H  of  an  arbitrary 
fundamental  proposition  ((rrHiiilxatz).*  This  asserts  that  the  symmetry 
displayed  by  a  crystal  cannot  bo  lower  than  that  of  the  point-system, 
according  to  which  the  centres  of  its  elementary  particles  (KryxtaUbau- 
steine)  are  arranged.  Evidently  the  effect  of  such  a  provision  is  to  insist 
on  the  regularity  of  form  of  these  elementary  particles  or  to  treat  their 
shape  as  a  ji"i:!i _'inl»k  factor.  As  Sohricke  contends  that  this  provision  is 
a  physical,  not  a  geometrical,  necessity  it  is  obvious  that  his  particles  are 
not  mere  geometrical  space  units ;  indeed  it  is  always  possible  so  to 

1  Eritw Melnng  einer  Theorie  der  KrystallstrMitr,  p.  26. 

2  The  plausibility  of  the  conception  of  discrete  particles  or  centres  of  force  is 
generally  admitted  ;  the  point  here  insisted  on  is  that  this  conception  is  not  essential 
to   the  geometrical  reasoning  under  review.     See  Min.  May.,  181)0,  vol.  xi.  p.  120. 
Com  p.  A>'- «'•//.>.,.</, ••••<•  und  Krystallstructitr,  p.  237. 

3  Zelti  Arys't.  Wn.t  1892,  vol.  xx.  p.  447, 
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partition  a  homogeneous  structure  geometrically  into  identical  units  that 
the  symmetry  of  the  system  shall  be  determined  solely  by  the  arrangement 
of  the  units,  and  not  at  all  by  their  shape,1  and  therefore,  as  applied  to 
such  units,  Sohncke's  fundamental  proposition  would  be  universally  true, 
not,  as  he  puts  it,  a  limitation  (Beschriinkuny).'2 

Sohncke  states  the  aim  of  his  investigation  in  these  words  :  '  I 
might  rather  regard  this  aim  to  be  the  evolution  from  the  simplest  and 
most  evident  axioms  by  logical  methods  such  conceptions  as  to  the  build- 
ing up  of  crystals  from  their  molecules  as  are  in  strict  agreement  with 
observed  facts,  and  may,  therefore,  be  regarded  as  natural.'  3 

He  adds  the  remark  that  the  iion -acceptance  of  his  fundamental 
proposition  and  his  conclusions  is  justifiable  if  they  are  held  to  be 
improbable.  This  is  not  language  which  would  be  appropriate  to  pure 
geometry. 

Mirror-Image  Repetition, 

We  now  come  to  a  very  important  departure  in  the  investigation  of 
crystal  structure.  Jordan's  conception  of  infinite  groups  of  movements 
leads,  as  we  have  seen,  to  identical  repetition  of  parts  extending  through- 
out space.  It  has  been  pointed  out  that  it  is  possible  to  draw  in  each  of 
these  groups,  or  in  the  systems  formed  by  their  means,  sets  of  planes 
identically  related  to  the  group  or  system  regarded  as  an  infinite  whole  ; 
hereby  is  provided  a  purely  geometrical  method  of  defining  homogeneity 
of  structure  in  a  perfectly  general  manner,  which  would  be  of  interest  to 
mathematicians  if  no  such  body  as  a  crystal  existed  ;  but,  further,  the  laws 
of  symmetry  which  govern  the  relative  arrangement  of  the  identically 
corresponding  plane-directions  present  in  a  homogeneous  structure  are 
also  established.  Crystals,  however,  display  not  only  identity  of  parts, 

1  Sec  Phil  Mag.,  scries  (*>,  1001,  vol.  i.  p.  7. 

-  %'itf.  Krytl.  j/i/i.,  IS',»2,  vol.  xs.  p.  -14S  ;  cf.  .!/*«.  May.,  1890,  vol.  xi.  p.  125: 
also  ftchonfhes,  A'ryxtallayftt'mft  mid  Kri/staUstrudurt  p.  (510. 

That  Sohncke  regards  the  ciystal  elements  whose  centres  furnish  the  points  of 
his  point-systems,  as  either  chemical  molecules  or  aggregations  of  such  molecules, 
find  not  as  mere  geometrical  units,  which  maybe  but  fractions  cf  molecules,  is 
proved  by  the  words  lie  employs  in  introducing  his  hypothesis  as  to  the  nature  of  a 
crystal.  Thus  he  says  (p.  27  of  his  /JW/nr&r/ww//  cine/*  Theor'tr*  &c.) :  *Es  ist 
natmi:oni:i.-N  cinen  Krystall  in  regelmassiger  Wois»e  aus  lauter  kongrneuten  Grundge- 
bilden  odor  Krystallelmenlen  aufgebaut  */u  dcnken,  von  denen  es  allerdings  unent- 
sehieden  bleibeii  muss,  ob  sic  die  aus  Atomoii  zusammcngesetzten  chemisehcn 
Molekeln  selbst.  odor  Aggregate  von  solchen  sind  .  .  .  von  jedem  Krystallelcmente 
wird  nur  dcr  ^chwerpunkt  in  Ketraoht  gezogen.  .  .  .  Fur  die  folgcnde  genmetripche 
Untersuchung  ist  also  d«r  Krystall  durch  cm  System  diskrcterMashcnpunkteersetzt, 
in  welchcm  es  sornit  stotsoinen  kloinsten  Piinktahstand  giebt.' 

Jf  Sohncko  had  meant  to  allow  the  employment  of  merely  geometrical  units  as 
crystal  elements,  be  would  doubtless  have  used  some  such  description  of  them  as 
that  which  he  has  given  of  Haii\'s  •molecule  soust motive/  of  which  he  says  (p.  12)  : 
*  Dieselbe  hat  lulmlich  zwar  cine  besiimmte  geometrisoho,  abcr  koine  konsequent 
festgehaltcno  physische  Hedcutung;  bald  1st  sic  die  wirkliche  physische,  bald  nur 
eine  /u  Konstruktionen  bcqucmo,  gcometrischo  Kinheit. ' 

That  he  perceived  the  possibility  of  employing  merely  geometrical  units  is, 
however,  in  evidence,  for  he  says  (p.  14):  *  Bedcnkt  man  .  .  .  dass  Dclafosse  und 
Sceber  nichts  amleres  getlmn  haben,  als  die  parallelopipedischgestaltete  substraktive 
Molekol  Haiiys  durch  ihren  Mittelpunkt,  resp.  durch  eine  kleine  ihn  umgebende 
Kugel  zu  ersetzen,  so  muss  man  anerkennen,  dass  die  Haiiys'chc  Theorie  hierdurch 
ganz  irn  Geiste  ihres  Begiiindcrs  fortgebildet  worden  ist  und  dabei  wesentlich  an 
Konsequenz  und  Einfachheit  gewonnen  hat.' 

3  Zcits.  Kryst.  J/fw.,  1892,  vol.xx.  p.  455, 
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but  alsb,  iri  the  majority  of  cases,  enantiomorplious  similarity  j  for,  ivhile 
in  some  few  crystals  the  similar  faces  always  bear  an  identical  relation 
to  the  whole,  in  most  there  are.  faces  that  occur  in  pairs  (like  a 
right  and  left  hand),  the  two  individuals  of  which  are  enantiomorphously 
not  identically  related  to  the  crystal  form.  Unless  this  additional  factor 
of  enantiomorphous  similarity  of  parts  he  in  some  way  introduced,1 
Jordan's  method  gives  only  the  systems  of  repetition  which  belong  to 
one  or  other  of  the  classes  of  crystal  symmetry  in  which  the  similarity 
is  all  identity,  i.e.,  only  such  as  are  enantioniorphs.  This  significant 
fact  is  revealed  in  the  work  of  the  two  inquirers,  von  Fedorow  arid 
Schonflies,  who  established  independently  and  simultaneously  that  a 
definition  of  the  symmetrical  repetition  of  parts  which  includes  enantio- 
morphous similarity  as  well  as  identity  of  parts  leads  to  types  belonging 
to  all  of  the  thirty-two  classes  of  crystal  symmetry.'2 

Pierre  Curie  3  shares  with  the  two  writers  mentioned  above  the  credit 
of  having  established  the  general  principles  of  repetition  by  which  the 
symmetry,  whether  of  finite  figures,  or  of  systems  of  figures,  or  of  struc- 
tures, may  be  completely  investigated.  He  set  himself  to  consider  more 
general  arrangements  of  points  than  those  dealt  with  by  Bravais.  These 
points  may  be  endowed  with  qualities  independent  of  direction,  such  as 
density,  temperature,  or  with  qualities  requiring  the  most  varied  ideas  of 
direction  and  orientation,  such  as  velocity,  force,  intensity  of  an  electric 
or  magnetic  field,  intensity  of  power  of  rotation.1  (The  homogeneous 
arrangements  thus  obtained  are  not  all  cry.stallogniph  it-ally  possible,  e.g., 
a  sphere  filled  with  a  rotating  liquid.5)  There  arc  two  kinds  of  repe- 
tition—one which  leaves  everything  identically  the  same  as  before 
(emplacements  indijferents)  and  another  in  which  the  units  of  one  part  of 
the  system  are  the  mirror-images  of  those  of  the  other  (synthm**  #yme- 
triqucs  l'un  de  Vautre  °).  Curio  was  the  first  to  emphasise  the  necessity  of 
con.sidering,  in  addition  to  ordinary  axes  and  planes  of  symmetry,  axes 
and  planes  of  alternating  symmetry  (plans  fir  m/mr  frits  a/fernr,  pffitis  ffa 
symetrie  translatoire  alterne  ~).  Although  the  230  classes  of  crystal  struc- 
ture obtained  by  Schonflies  and  Fedorow  may  be  deduced  from  the  prin- 
ciples established  in  his  papers,  Curie  limits  himself  to  deriving  the 
thirty-two  varieties  of  external  form  which  are  crystallographically  pos- 
sible." 

Another  writer  of  this  date  of  whom  mention  should  be  here  made  is 
B.  Minnigerode,  who  arrived  at  the  thirty-two  classes  of  crystal  systems 
by  means  of  the  theory  of  groups  and  substitutions.-' 

1  This  is  very  clearly  brought  out  by  Story-Maskeiyno  in  his  M')rj>?n>Ii,f/y  of 
Crystals,  Oxford,  1895,  p.  99,  where  the  term&  '  metastrophic '  and  *  aiitibtiophic  '  are 
employed  to  distinguish  the  two  sorts  of  relations. 

2  The  discovery  of  these  thirty- two  clasnes  by  the  morphological   cryhtnllo* 
graphers  had  in  tact  been  due  to  the  use  oC  planes  of  symmetry  and  centre  of 
symmetry  as  the  basis  of  their  reasoning ;  and  thes-e  elements,  of  course,  contain  the 
conception  of  enantiomorphous  relationship 

3  'Sur  les  questions  d'ordre  :  Rep6titiuns,'  Jhill.  Soc.  J/m.,  1864,  \ii,  pp,  80-111  ; 
'  Sur  la  Symetrie/  ib.,  pp.  418-457. 

4  7&.,p.  89  *  Ib.9  p.  443. 

6  Ib.t  p.  90.  7  /*.,  p.  452.  •  n  ,  p.  454. 

9  •  Untersuchungen  iiber  die  SynimetricvcrhiiUnisse  uml  die  Klasticitat  der  Krys- 
talle,'  Nachr  d.k.  ties.  d.  Wiss.,  Gottingen,  J88-J,  pp.  195-22(3,  374-884,  48X-4SI2  ; 
4  Untersuchungen  iiber  die  Symmetrieverhiiltnissc  der  Krystalle,'  WCHCS  Ju/trb.,  1887  ; 
Beilagn,  Bd.  v.  pp.  145-166. 
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Schonflies. 

Though  Arthur  Scho'nflies  was  not  actually  the  first  to  establish  the 
existence  of  the  230  classes  of  crystal  structure,  his  writings  have  been 
the  means  of  making  this  final  development  of  the  subject  generally 
known  to  the  scientific  world.1  His  work,  which  was  but  little  later  than 
that  of  Fedorow,  and  is  quite  independent,  culminates  in  the  book  '  Krys- 
tallsysteme  untl  Krystallstructur,'  in  which  he  establishes  with  the  lucidity 
and  rigidity  of  the  skilled  mathematician  the  thirty-two  classes  of  crystal 
symmetry  and  the  230  classes  of  crystal  structure,  and  discusses  at  length 
the  question  of  the  partitioning  of  space.  It  will  be  convenient  to  con* 
sider  the  work  of  Schonflies  in  some  detail  in  order  to  treat  that  of  the 
remaining  authors  brieily,  since  many  of  their  results  are  the  same 
as  his. 

He  adopts  Wiener's  definition  of  regularity  of  structure  with  this 
difference  :  instead  of  saying  that  every  molecule  of  an  assemblage  has 
the  remaining  molecules  arranged  about  it  in  the  samo  manner,  he  says 
that  every  molecule  is  surrounded  by  the  rest  collectively  in  like  manner, 
where  *  likeness'  of  the  grouping  can  either  amount  to  identity  or  be 
mirror-image  resemblance.^  The  following  is  an  example  of  the  distinc- 
tion between  these  two  kinds  of  resemblance  :  the  two  points/*,  q,  occupy 
situations  with  respect  to  the  cube  (fig.  8),  which  are  merely  alike,  whereas 

FIG.  8. 


p  and  p  are  identically  placed  ;  the  cube  presents  exactly  the  same 
appearance  when  \iewed  from  either  of  the  latter,  whereas  in  the  case 
of  p  and  q  the  two  aspects  bear  the  kind  of  relation  that  a  right  hand 
bears  to  a  left,  or  an  object  to  its  image  as  viewed  in  a  minor.  The 
aspects  of  the  figure  from  the  points  p  and  q  may  be  called  enantiomor- 
phous  with  respect  to  each  other,  and  any  operation  which  involves  such 
a  relationship  may  bo  called  a  mirror-image  operation.  Schonllies' 
method  is  to  add  to  the  movements  employed  by  Jordan  such  processes 
of  inversion  and  reflection  as  can  be  applied  to  his  groups  of  movements 
without  increasing  the  number  or  modifying  the  character  of  the  actual 

1  '  Beitrag  zur  Thecrie  dcr  Kryatallstructur,'  Nachr.  rf.  K.  Grt.  d.  H"*w  ,  Gottingen, 
1888, pp.  4S3-f>01  ;  '  Uberda-  ..•  ..<  i.-<  .:i..-  Vcrlmltnfesder 'Ihcoricn  uber die  JSiructur 
der  Krystallo,'  ib.t  1890,  pp.  I',*.1  -."'•;   h:  ^tlallgyiteme  und  Arystallstrmtur,  Leipzig, 
1801 ;  '  Bemerkungen  fiber  die  Theorie  dor  Krybtalktiuctur,'  Zrit*.  jtJiys.  <  hem.,  1892, 
ix.  pp.  156-170;  4  Antwort  auf  den  dirtikfl  des  Herrn  Sohncke ;  /vvui  Thcorieen  der 
Krystallstructur/  ib.,  1892,  x.  pp.  617-525  :  '  ttcuiorkiiDgon  zudem  Artikeldes  llerru 
K.  von  Fedorow,  die  Xusanmienstellung  seiner  kryt«tallographischen  liesnltatc  und  der 
inciiii-:i!M  ln-{rc!V«  nd.'  &its  JKrytt.  J/z/i.f  1892,  xx.  pp.  2oJ)-2<>2  ;  4Gruppentheorie  und 
KryMiiiliiKinpliii1.'  Congress  Mathematical  JJttjH?rs,  1'hiciujo  ^jrhibition^  1893. 

2  Schonflies,  Krystalhij9!eme  und  Kryrtallttructur,  p.  239. 
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movements.  He  thus  constructs  composite  groups  of  operations  which 
act  throughout  space,  but  comprise,  in  addition  to  Jordan's  groups,  cer- 
tain mirror-image  operations  with  respect  to  series  of  parallel  planes  or  to 
systems  of  centres  of  inversion.1  He  calls  the  groups  of  operations, 
whether  those  of  Jordan  or  those  added  by  himself,  '  space-groups  '  (JRaum- 
gruppen).* 

As  in  the  case  of  Jordan's  groups  of  movements,  the  symmetry  of 
any  given  group  is  rendered  easier  to  trace  if  a  number  of  similar  par- 
ticles or  bodies  are  placed  in  all  the  positions,  throughout  some  consider- 
able space,  in  which  they  would  be  located  by  applying  all  the  operations 
of  the  group  to  some  particular  body.  In  order  to  accomplish  this,  in 
the  groups  which  contain  mirror-image  operations  similar  right-handed 
and  left-handed  bodies  will  have  to  be  employed  in  equal  numbers.3 

It  may  be  maintained  that  the  likeness  of  parts  thus  defined  by 
Schonflies,  involving  as  it  does  two  distinct  sorts  of  resemblance  — 
identity  and  enantiomorphous  (or  mirror-image)  similarity  —  should 
scarcely  be  called,  when  taken  collectively,  homogeneity  of  structure  ; 
it  would  be  well,  perhaps,  if  it  could  be  expressed  by  some  new  word  of 
wider  significance. 

Generation  of  the  Various  Groups  of  Operations  (Raumgruppan). 

Schonflies  employs  a  symbolic  method  in  order  to  deduce  the  various 
types  of  possible  groups  of  operations. 

The  following  propositions  indicate  briefly  the  method  pursued  by 
him,  without  introducing  his  symbols  :  —  - 

1.  Only  such  of  Jordan's  groups  of  movements  as  contain  a  group  of 
translations  which  all  bear  finite  (and  not  infinitesimal)  relations  to  one 
another,  and  are,  therefore,  capable  of  producing  a  space-lattice  (Ranm- 
(/itter},  can  obey  the  law  of  rational  indices  ;  and  are,  therefore,  available 
for  the   crystallographer.1       It  is  only  to  these  groups  that  SchoniHes 
applies  mirror-image  operations.5 

2.  The  complete  set  of  translations  thus  forming  part  of  a  Schonflies 
group  of  operations  must  be  brought  to  coincidence  with  itself  (Deckuny) 
by  every  other  operation  of  the  group/' 

3.  In  addition  to  planes  of  symmetry,  simple  axes  of  symmetry,  and 
the  screw-axes  of  Sohnckc,  Schonflies  (like  Curie)  introduces  '  planes  of 
gliding  symmetry  '  (Gleitebenen)1  as    another    possible    mode    of    repeti- 
tion that  can  be  employed  in  a  group  of  space-  operations.     A  plane  of 
gliding   symmetry  is  the  result  of   combining   reflection   over   a   plane 
with  a  translation  parallel  to  that  plane. 

4.  If  a  given  translation,  T,  be  transposed  by  the  operation  of  a  screw 
axis  into  another  translation,  T',  T  is  also  thus  transposed  by  the  opera- 
tion of  a  swi})le  axis  of  symmetry  having  the  same  situation  and  angle  of 
rotation. 

1  Schonflies,  Krystalhystcmv  und  Krystallstructur,  pp.  334  and  550. 

a  ///.,  p  ;$59.  3  See  Mm.  Mticj.,  1896,  vol.  xi.  p.  119,  and  see  below,  p,  H33. 

4  KrystalUystcme  und  Krystallstructur,  pp.  360,  63G.  a  Jb  ,  pp,  HUO,  8«1. 

*  Jb.,  p.  362.  Schonflies  calls  sub-groups  of  operations  which  have  this  property 
ausyezcichncte  TT**-  .....  ;- 

'7  Ib.,  p.  3G7  -  •  •  -  calls  that  one  of  tho  various  possible  movements  about 
a  particular  axis  which  has  the  smallest  angle  of  rotation  and  the  smallest  positive 
translation  the  *  reduced  movement  '  (reducirte  Bewegung)* 
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5.  Similarly,  if  T  be  transposed  into  T'  by  the  operation  of  a  plane  of 
gliding  symmetry,  T  is  also  so  transposed  by  the  operation  of  a  simple 
plane  of  reflection  having  the  same  situation. 

6.  Hence,  corresponding  to  any  given  group  of  operations  containing 
screw  axes  or  planes  of  gliding  symmetry,  there  exists  another  group  of 
operations  which  effect  the  same  changes  of  direction,  but  whose  elements 
of  symmetry  are  axes  of  rotation  or  planes  of  reflection,  and  these  are 
such  as  belong  to  a  space-lattice. 

7.  From  this  it  follows  that  in  the  groups  of  space- operations  the 
only  axes  found  are  those  of  the  orders  characteristic  of  space-lattices, 
i.e.,  digonal,  trigonal,  tetragonal,  and  hexagonal  axes. 

The  relations  between  groups  of  space-operations  (Raumgrupperi)  of 
different  types  can  be  traced  by  means  of  the  similar  relations  subsisting 
between  allied  (*  isomorphous')  types  of  symmetrical  operations  effected 
solely  about  a  single  point  or  ' centre*  (Punktgruppen)  ;  l  the  latter, 
since  the  kinds  of  axes  admissible  are  limited  as  above,  are  those  which 
characterise  the  centred  forms  of  the  thirty-two  types  of  crystal  sym- 
metry. 

Two  operations  are  termed  by  Schdnflies  ( isomorphous '  when  their 
planes  and  axes  of  repetition  have  the  same  directions  and  the  angles  of 
rotation  of  the  latter  are  the  same. 

A  group  of  space- operations  and  a  group  of  centred  operations  are 
termed  isomorphous  when  every  operation  of  the  former  is  isomorphous 
with  an  operation  of  the  latter. 

By  this  method  of  comparison  it  is  shown  that  every  one  of  the  groups 
of  *  space-operations '  involves  the  general  symmetry  which  governs  the 
symmetry  of  repetition  of  like  directions  in  one  or  other  of  the  thirty-two 
classes  of  crystal  symmetry. 

The  mirror-image  of  a  screw  movement  is  a  similar  movement  of  the 
opposite  hand.  Among  the  groups  of  operations  corresponding  to 
Sohncke's  sixty-live  systems  which  contain  screw  movements,  only 
such  as  possess  screw-axes  of  two  opposite  hands  can  be  utilised  for 
the  purpose  of  deriving  groups  of  space-operations  containing  mirror- 
image  repetition  :  such  are  (1)  those  which  contain  screw-axes  whose 
translation  component  is  equal  to  a  half -translation  ;  -  (*J)  those  which 
contain  for  each  screw-motion  in  one  direction  an  equal  screw-motion  in. 
the  opposite  direction. 

By  applying  the  above  principles  Schonflies  is  able  to  show  that  the 
sixty-five  systems  of  Solmcke  are  increased  to  230  groups  of  operations, 
all  of  which,  from  what  has  been  said,  must  belong  to  one  or  other  of  the 
thirty-two  types  of  crystal  symmetry. 

A  complete  set  of  similar  plane-directions  may  bo  drawn  in  a 
Sehdnflies  group  of  operations,  in  a  way  similar  to  that  already  indicated 
for  finding  identical  planes  in  one  of  Jordan's  infinite  groups  of  move- 
ments,3 Thus  : — 


1  Kry&talhysteme,  nnd  KrytlattstnclHr,  pp.  350,  3f>l,  374,  3?8,  383. 

2  Tiiis  case  is  illustrated  by  fig.  5,  in  which  the  translation  component  of  the 
axis  0  (necessary  to  derive  <?/  from  0,)  is  one  half  of  the  translation  ^  <?/'  belonging 
to  the  system.     Successive  points  may  be  regarded  as  lying  cither  on  a  right-handed 
spiral  (as  <•„  cj  <?/')  or  on  a  left-handed  spiral|(as  cl  <•/  cjf)* 

3  See  abovo,  p,  312. 
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In  the  given  group  of  operations  draw  a  homogeneous  plane  in  the 
manner  defined  above  ; l  this  plane  will,  since  the  translations  of  the 
group  are  not  infinitesimal,2  and  develop  space-networks,  obey  the  law  of 
rational  indices. 

Apply  to  the  plane  thus  drawn  the  operations  of  the  group  ;  the 
result  is  the  jr«-r.rr,iM^n  of  a  system  of  planes  symmetrically  distributed 
through  space,  ail  01!  which  are  similarly  related  to  the  structure  regarded 
as  without  limits.  If  mirror-image  repetition  be  not  found  among  the 
operations  of  the  group,  this  similarity  will  amount  to  identity  ;  if,  011  the 
other  hand,  enantiomorphous  operations  are  present,  the  planes  will  form 
two  equally  numerous  sets,  the  relation  of  the  one  set  to  the  whole  being 
enantiomorphously  similar  to  that  of  the  other  set.3 

Since  all  the  components  of  the  operations  of  the  group  which  are 
mere  translations  are  without  effect  on  orientation,  the  number  of 
different  orientations  presented  by  the  planes  will  be  strictly  determined 
by  the  remaining  components,  and  therefore  limited.*  As  the  component 
operations  of  the  given  group  which  affect  orientation  are  those  charac- 
teristic of  some  one  of  the  thirty-two  classes  of  crystal  symmetry,5  tho 
number  of  orientations  presented  in  the  given  case  will  be  the  same  as  in 
such  class  ; G  i.e.,  there  will  be  as  many  infinite  sets  of  parallel  planes  as 
there  are  different  orientations.  The  planes  of  each  set,  since  they  havo 
to  obey  the  translations  found  in  the  group,  will  be  equidistant.  Among 
the  230  different  types,  there  are  many  in  which  it  is  possible  to  select 
from  the  set  of  planes  one  of  each  orientation  in  such  a  way  that  the 
planes  selected  enclose  a  space,  but  in  some  only  of  the  types  thus  charac- 
terised can  the  planes  be  so  chosen,  as  to  outline  a  symmetrical  polyhedron 
whose  axes  are  axes  of  the  system  ;  for  the  remainder  centred  enclosures 
of  this  symmetrical  character  are  impossible.7 

With  the  aid  of  the  above  conception  of  a  system  of  similar  planes  it 
is  not  difficult  to  verify  the  following  propositions  : — 

1.  The  application  of  an  additional  movement  or  cnantiomnrphous 
operation  to  a  group,  provided  the  system  of  axes,  planes  of  symmetry, 
and  other  features  essential  to  the  group  are  brought  to  coincidence? 
(Deckuny)  by  this  new  operation,  will  lead,  when  the  latter  is  completely 
combined  in  every  possible  way  with  those  previously  present,  to  tho 
evolution  of  a  derived  Schonflies  group  of  operations.**  This  derived 

1  See  above,  p.  312.    The  direction  of  the  plane  is  not  to  be  a  special  i*ed  one, 
except  so  far  as  premised  by  the  definition:  this  will  ensure  that  every  operation  oi! 
the  group  shall  effect  a  change  of  position  of  the  plane. 

2  See  Kryatallsy  stcine  und  JLrt/stallstructur,  pp.SGO  and  C3C,  and  Proposition  (1) 
above. 

3  Cf.  Krystallsyrieme  und  Krystallstrufitur,  pp.  361,  362. 

4  lb.t  p.  363.     Cf.  Prop.  (6)  above. 

5  Cf.  Ib.t  pp.  363-301,  599,  and  037, 

0  Cf.  Prop.  (7)  above  and  Phil.  May.,  1901,  series  0,  i.  p.  21.  As  is  tho  case  ir* 
some  of  the  latter,  planes  inclined  at  180°  will  be  distinguished  from  one  another, 
the  two  sides  of  a  plane  being  discriminated 

7  Cf.  p.  31.  As  all  the  existing  evidence  as  to  the  ultimate  relative  situa- 
tion of  crystal  faces  concerns  their  direction  twZ//,  the  question  whether  in  a  given 
system  of  similar  planes  regular  polyhedral  cells  are  present  or  not  docs  nor/ 
as  yet  affect  the  crystallographer. 

*  Kriitt.tVji{tit  ui<- und  Kry&tallxtructnr,  p.  383.  Rohonflies  sums  up  his  method 
in  the  following  fundamental  proposition :  '  Lasst  sich  die  Punktgrlippe  G  dnrch 
Multiplication  einer  Gruppe  Gj  mit  einer  Operation  £'  orzeugen  welche  das  Axen- 
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group,  as  compared  with  the  group  from  which  it  was  obtained,  will  in 
different  cases  present — 

a.  A  greater  number  of  orientations  of  the  planes  belonging  to  the 
derived  system. 

b.  The  same  number.    In  this  case  the  change  will  consist  solely  in  the 
increased  closeness  of  the  planes  of  a  set,  and  the  type  among  the  230, 
which  is  exhibited,  will  sometimes  be  different,  sometimes  the  same. 

The  converse  proposition  is — 

2.  The  withdrawal  of  some  operations  from  a  group,  entailing  the 
symmetrical  omission  of  some  of  the  sets  of  parallel  planes,  or  of  some  of 
the  planes  in  each  set,  leads  to  the  derivation  of  a  distinct  group  of 
operations.  There  will  in  different  cases  be — 

a.  Fewer  directions  of  orientation  for  the  planes  in  the  derived  group. 

f3.  The  same  number  of  directions,  associated  in  some  cases  with  the 
preservation  of  the  same  type,  in  some  cases  with  the  development  of  a 
different  type  among  the  230. 

As  a  simple  example  of  the  application  of  the  principles  established 
above  consider  the,  hennworphous  class  of  the  monoclinic  system.1  It 
possesses  an  axis  of  two-fold  symmetry,  which  in  the  space-group  may 
appear  as  an  axis  of  rotation  or  as  a  screw-axis.  Now,  in  the  monoclinic 
system  there  are  two  lattices  :  one  rhomboidal  and  the  other  composed  of 
rhomboidal  prisms  with  centred  faces.  We  obtain  two  groups  from  the 
former  by  combining  it  with  an  axis  of  rotation,  and  with  a  screw  axis  ; 
from  the  latter  we  obtain  only  one  group,  since  in  this  case  the  same 
group  is  derived  by  the  addition  of  either  set  of  axes. 

Like  Jordan's  groups,  those  traced  by  Schonilios  are  really  mere 
groups  of  geometrical  processes,  independent  of  the  nature  of  the  material 
system  concerned  ;  but  it  is  convenient  to  regard  the  processes  as  applied 
to  something  more  tangible.  Sehonflies  himself  supplies  this  want  by 
introducing  the  conception  of  atomic  structure,  and  of  its  definite  par- 
titioning. Here  the  reader  must  beware  lest  the  nature  or  configuration 
of  the  atoms  or  particles  themselves  be  confounded  with  the  nature  and 
distribution  of  the  structure  considered  with  respect  to  them,  and  lest  the 
possibilities  of  mere  geometrical  partitioning  be  confounded  with  those  of 
a  partitioning  into  conceivable  physical  units.2 

Schonilies  treats  his  work  of  discriminating  230  types  of  groups  of 
operations  (Raumgruppen)  as  preliminary  to  a  direct  application  of  his 
results  to  a  molecular  theory  of  matter,  which  he  sets  before  himself  from 
the  outset  ;  the  reader  might,  therefore,  suppose  that  the  existence  of 
molecules  with  void  spaces  between  them  is  essential  in  order  that  the 
geometrical  derivation  of  the  230  types  may  be  applicable  to  crystals.3 
Thus  Schonflies  says  :  l  By  a  regular  a-^eiuhlage  of  molecules  of  unlimited 
extent  is  understood  a  molecular  assemblage  infinitely  extended  in  all 
directions,  which  consists  entirely  of  similar  molecules,  and  possesses  the 
property  that  around  every  molecule  the  disposition  of  the  infinite  system 
formed  by  the  other  molecules  is  similar/  *  And  a  little  later  he  lays 

system  von  G,  in  ,sich  iibcrftihrt,  so  kann  jodc  YM  G  isomorplie  Raumgruppe  durch 
Multiplication  ciner  xu  G»  isomorphen  Gruppe  r,  nut  cinor  zu  £l  isornorphen  Opera- 
tion C  cnscutft  vvcrdcn,  \o\  ;in<ije-r1  /.i ,  r];i*<  ?  cine  Dock  operation  fur  die  Axcn  von  Tt  1st.' 

1  J\.': : r/*V  ••'•     •  win/  h'ri/jtfirttntrrtrtNf,  p.  -100. 

8  Ci'.'  Mm.' Mag.,  1896,  vol.  xi.p.  129. 

3  Xryttalltysh'mc  wid  Kry&tallstructnr,  p.  237,  *  Mid.,  p.  239. 
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down  the  fundamental  hypothesis  that  '  a  homogeneous  crystal  displays 
the  property  that  around  every  point  in  its  interior  the  structure  is  that 
of  a  regular  assemblage  of  molecules  of  unlimited  extent.' 1 

This  way  of  stating  his  case  imparts  to  Schonflies'  extension  of  the 
methods  of  Jordan  and  Sohncke  a  somewhat  hypothetical  aspect,  and, 
perhaps,  obscures  the  fact  that  the  characteristic  symmetry  presented  by 
crystals  is  traceable  in  the  groups  of  movements  and  mirror-image 
operations  without  specifying  the  kind  of  structure  employed,  and  merely 
postulating  the  nature  of  its  homogeneity — i.e.,  the  type  which  it  presents. 

In  reality  his  work  is  not  based  on.  an  assumption  as  to  the 
nature  of  the  regular  repetition  in  space  of  hypothetical  elements  in  a 
crystal,2  but  its  application  to  crystals  rests  on  the  assumption  that  the 
parallelism  between  the  properties  of  his  regular  configurations  and  the 
crystal  properties  is  due  to  a  common  cause  ;  in  other  words,  that  the 
arrangement  or  symmetrical  repetition  of  the  ultimate  parts  in  crystals  is 
that  characteristic  of  these  configurations.  Schonflies  endeavours,  in 
fact,  to  ascertain  what  special  suppositions  as  to  the  form  and  quality  of 
the  molecule  lie  at  the  root  of  all  theories  of  the  constitution  of  crystals, 
and  to  determine  what  further  consequences  are  implicitly  bound  up 
with  these  suppositions.3 

The  atoms  and  molecules  of  Schonfiies  are,  properly  speaking,  mere 
cells  or  geometrical  space-elements,  into  which  a  homogeneous  structure 
is  divided  by  some  sort  of  symmetrical  partitioning,  tho  symmetry  or 
want  of  symmetry  attributed  to  the  former  being  in  reality  a  feature  of 
these  cells.  Schonflies  speaks  of  placing  molecules  in  cells  previously 
obtained  by  some  symmetrical  partitioning  of  space,  but  it  will  be  found 
that  their  individual  properties  are  those  of  the  cells,  and  are  not  neces- 
sarily adequately  descriptive  of  the  symmetry  of  bodies  contained  in  the 
cells  considered  irrespective  of  the  latter.  The  statement  that  tho 
characteristic  symmetry  of  the  molecule  is  identical  with  the  symmetry  of 
the  cell  allotted  to  it  by  the  symmetrical  partitioning  would  not  be  true 
of  a  highly  symmetrical  physical  molecule  put  into  a  cell  having  little  or 
no  symmetry. 

Schonflies  attaches  considerable  importance  to  the  idea  of  an 
elementary  cell  (Fundamentalbereich)*  which  he  introduces  in  chapter  xiii. 
of  the  second  part  of  his  work,  and  it  will  not  be  out  of  place  to  give  a 
word  or  two  of  explanation.5  lie  shows  that  any  system  ;  •  •  •!!'.!•  a  group 
of  operations  as  above  defined  may  be  divided  into  an  :••:,•••  •  -.imber  of 
contiguous  polyhedra,  which  are  all  similar  to  one  another,  and,  in 
general,  of  two  kinds,  the  polyhedra  of  one  kind  being  identical  with 
those  of  the  same  kind,  and  the  mirror-images  of  those  of  the  other  kind. 
Each  of  these  pol yliorlra  encloses  one  and  only  one  point  of  a  given  kind 
in  the  partitional  system,  round  which  point  matter  is  distributed  in  a 
given  manner.6  The  form  of  the  cell  is,  in  general,  indeterminate,  but  it 
is  subject  to  certain  conditions ;  it  cannot  be  cut  by  an  element  of 
symmetry  of  the  crystallised  body  ;  if  it  posbesscs  a  plane  of  symmetry, 
this  plane  must  coincide  with  a  face  of  the  cell,  and,  further,  centres  and 
axes  of  symmetry  must  lie  on  the  surface  of  the  cell,7  From  any  one  of 

1  KrygtalUysteme  und  Krystallstructur,  p.  2,3!).  2  Ibul.t  p.  247. 

8  Hid.,  pp.  248,  614.  *  Ibid.,  p.  550. 

5  The  following  discussion  of  the  subject  is  borrowed  from  an  interesting  paper 
on  '  Th6orie  des  anomalies  optiques,  de  1'isomorphisme  et  du  polymorphisme,'  by 
Fred.  Wallerant,  Bull.  Soc.  Min.,  1898,  vol.  xxi.  p.  197  et  teq. 

a  Krystallsysteme  und  KrystalUtntctur,  p,  572.  7  Ibid.,  p.  573. 


ON  THE  STRUCTURE  OF  CRYSTALS. 


327 


these  cells  the  remainder  can  be  found  by  means  of  the  group  of  opera- 
tions. Most  of  the  230  types  can  be  partitioned  into  space  units  which 
individually  possess  the  symmetry  of  the  system  as  a  whole.  When  this 
is  the  case,  a  finite  group  of  contiguous  elementary  cells  will  form  such  a 
unit  and  can  be  found  by  applying  to  one  of  them  certain  of  the  elements 
of  symmetry  which  lie  on  its  surface  ;  a  symmetrical  space  unit  of  this 
kind  may  be  called  a  complex  cell.1  Other  complex  cells  possessed  of  less 
symmetry  can,  of  course,  be  formed.  Some  of  the  230  types,  while 
capable  of  being  partitioned  into  such  less  symmetrical  complex  cells 
cannot  be  partitioned  into  complex  cells  which  have  as  high  a  symmetry 
as  that  of  the  type.  For  example,  the  type  represented  by  the  Sohncko 
system  described  above  (fig.  5,  p.  314)  can  be  partitioned  into  cells  pos- 
sessing trigonal  axes  with  or  without  centres  of  symmetry  or  planes 
of  symmetry,  or  with  both,  but  its  cells  cannot  individually  possess  an 
hexagonal  axis. 

As   an    example,    take   the   case   of   the   hexagonal   space-lattice    of 

FIG.  9. 


H; 


fig.  2,  where  the  axes  are  axes  of  rotation  and  the  planes  of  symmetry 
are  planes  of  reflexion.  The  shape  of  the  bodies  placed  at  the  points  is 
ignored,  or  in  other  words  they  are  supposed  to  have  a  symmetry  which 
does  not  modify  that  of  the  system  of  arrangement.  The  points  IT  in 
fig.  9  constitute  such  a  space  lattice.  In  this  figure  H.JijH^H^  corre- 
spond respectively  to  «,  y,  <;,  />  of  fig.  G.  31  iH2  *s  an  hexagonal  axis  of  rota- 
tion. Take  1C,  as  the  origin  of  this  Bravais-system,  which  wo  know  is 
a  perpendicular  prism  with  a  rhomb  of  GO0  as  base.  All  the  rows  of 
the  system  parallel  to  H,ITa  are  also  hexagonal  axes  of  rotation.  By 
combining  these  rotations  with  the  translations  of  the  system  we  see  at 
once  that  straight  lines  such  as  T,T2,  T;tT,,  which  are  parallel  to  the 
hexagonal  axes  and  pass  through  the  centres  of  gravity  of  the  equi- 
lateral triangles  forming  the  bases  of  the  lattice,  are  trigonal  axes  of 
rotation;  and,  again,  straight  lines  such  as  J),D2i  D3D4,  D5D6,  D7D8, 
D9D10,  which  pass  through  the  middle  points  of  the  rows  of  the  base,  are 
digonal  axes  of  rotation. 

1  Krystallsysteme  und  l&ystallstructur,  p.  676. 
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Six  planes  of  reflexion  pass  through  the  hexagonal  axis,  HjH2,  making 
angles  of  30°  with  one  another  (such  are  the  planes  H2H4H;J,  H2H6H5, 
and  H2H8H7),  and,  parallel  to  these  planes,  there  must  be  throughout 
the  structure  a  series  of  equidistant  planes  of  reflexion. 

Further,  there  is  a  centre  of  symmetry  on  the  hovncronnl  axis  ;  we  may 
suppose  it  to  coincide  with  Hj,  since  this  was  arbitrarily  chosen.  All 
the  nodes  of  the  Bravais-system  are  such  centres  of  symmetry,  and 
in  addition  all  the  middle  points  of  the  rows,  i.?.,  all,  the  points  H,  D, 
and  O. 

Further,  the  presence  of  this  centre  combined  with  the  hexagonal  axis 
necessitates  the  existence  of  planes  of  reflexion  perpendicular  to  the  axis 
and  passing  through  the  centres,  and,  consequently,  separated  from  one 
another  by  O,H,,  half  the  parameter,  H2H,,  of  the  axis.  Also,  perpen- 
dicular to  each  of  the  planes  passing  through  the  hexagonal  axis  there  are 
a  series  of  diagonal  axes  of  rotation  passing  through  the  centres  of 
symmetry  lying  on  these  planes. 

Such,  then,  are,  in  the  case  in  question,  the  elements  of  crystalline 
symmetry  which  fill  space. 

The  elementary  cell  is  easily  determined,  since  the  elements  of 
symmetry  must  lie  on  its  surface  ;  it  is  the  right  prism  with  triangular 
base  O1O2TH1T)1TI,  which  has  its  bases  in  two  principal  planes  ;  its 
edges  are  a  hexagonal  axis  HjO,,  a  trigonal  axis  T,T2,  and  a  digonal  axis 
D,O2  ;  its  side  faces  are  three  planes  of  symmetry  ;  the  four  corners 
PI,,  Dj,  O2,  O,,  are  centres  of  symmetry,  but  the  corners  TT2,  situated  on 
the  trigonal  axes,  are  not  centres. 

To  obtain  the  complex  cell  we  must  apply  to  the  fundamental  cell  the 
appropriate  elements  of  symmetry — iV.,  in  this  case  the,  hexagonal  axis 
and  two  planes  of  symmetry,  O,O./H]D|  and  H,Dlrri — whence  we  obtain 
a  right  prism  with  hexagonal  base  \vhosc  edges  are  the  trigonal  axes,  i.e., 
the  cell  of  fig.  3. 

(By  taking  another  set  of  the  primary  elements  of  symmetry  another 
complex  cell  will  be  obtained.) 

A  corresponding  crystalline  structure  will  be  obtained  by  furnishing 
each  elementary  cell  in  a  similar  manner  with  contents  of  any  nature. 

J'\'dot'(w. 

As  has  been  said  above,  the  230  typos  of  crystal  structure  were  inde- 
pendently established  and  investigated  by  F.  von  Fedorow. 

The  researches  of  this  author  which  relate  to  the  subject  of  crystal 
structure  begin  in  the  year  1885  with  a  general  treatise  on  the  'Theory 
of  Figures,'  published  (in  Russian)  with  copious  illustrations  in  the  *  Trans- 
actions of  the  Russian  Mineralogical  Society/  xxi.  pp.  1  -279  :  this  was 
followed  in  1888  by  a  memoir  on  the  (  Symmetry  of  Finite  Figures,7  pub- 
lished (in  Russian)  in  the  same  journal,  xxv.  pp.  1-  52,  and  by  one  on  the 
1  Symmetry  of  Regular  Systems  of  Figures/  published  (in  Russian)  iu 
1890. 

The  above  are  not  only  among  the  earliest  treatises  on  these  subjects, 
but  they  contain  also  almost  all  that  is  essential  in  the  author's  later 
development  of  it,  and  some  results  that  have  been  independently  pub- 
lished by  other  inw-.if  iir:i<ois  to  whom  his  Russian  papers  were  not  known. 
An  abstract  of  some  of  the  early  papers  was  given  by  Wulff l  and  by 
Fedorow  himself.2 

Krytf.  Min.,  1800,  vol,  xvii,  p,  610,  2  76.,  1893,  vol.  xxi,  p,  670, 
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Fedorow  first  established  the  principle  that  in  a  symmetrical  figure 
the  symmetry  must  bo  one  or  more  of  the  following  sorts  :  axis  of  sym- 
metry, plane  of  symmetry  and  a  combination  of  the  two,  or  composite 
symmetry  (i.e.,  Curie's  alternating  symmetry)  ;  in  a  regular  system  of 
figures,  on  the  other  hand,  supposed  infinitely  extended,  two  more  general 
elements  of  symmetry  are  also  possible — namely,  a  screw  axis  and  a 
glide- plane  of  symmetry ;  repetition  about  a  screw  axis  consists  of  a 
rotation  combined  with  a  translation  along  the  axis  ;  repetition  about 
a  glide-plane  consists  of  reflexion  combined  with  a  translation  parallel  to 
the  plane.  The  elements  of  symmetry  in  a  finite  figure  are  simply  special 
cases  of  the  latter  in  which  the  translations  are  zero. 

Like  Hessel,  Fedorow  investigated  first  the  symmetry  of  finite  solid 
figures  in  general  and  then,  by  limiting  the  problem  by  a  condition 
equivalent  to  the  law  of  rational  indices,  deduced  the  thirty -two  kinds  of 
symmetry  possible  for  crystals.  His  method  consists  practically  in  com- 
bining any  two  of  the  possible  elements  and  ascertaining  to  what  other 
elements  they  give  rise  :  <?.</.,  two  axes  of  digonal  symmetry  inclined  at 
45°  give  rise  to  the  axes  of  a  trapezohedral  tetragonal  crystal ;  the  total 
group  constitutes  a  '  tfymtnntrifi  art  '  or  4  class/ 

Two  classes  are  different  when  in  one  of  them  an  axis  (or,  in  general, 
a  symmetry  element)  is  present  which  is  absent  from  the  other,  or  occu- 
pies a  position  which  it  does  not  occupy  in  the  other.  Such  a  class, 
therefore,  corresponds  to  a  c group  of  operations'  in  the  language  of 
Schonfiics. 

A  special  feature  of  Fedorow 's  researches  is  his  analytical  expression 
of  the  symmetry  ;  this  is  described  in  the  second  of  the  above-mentioned 
memoirs.  In  this  method  a  point  is  denoted  by  an  indefinite  number  of 
coordinates  (although  three  are  sufficient) — namely,  the  intercepts  made 
upon  all  the  axes,  derived  by  the  symmetrical  repetition  of  one  coordi- 
nate axis,  by  planes  drawn  perpendicular  to  them  through  the  given 
point. 

Thus,  if  an  axis  of  ;>-fold  symmetry  be  taken  as  one  coordinate  axisy, 
and  a  line  perpendicular  to  it  as  a  second  coordinate  .axis  //,„  then  repeti- 
tion of  y(}  about  y  gives  p — 1  other  coordinate  axes,  y1?  y.,,  etc.  A  point 
whose?  coordinates  are  >/=/>,  //,,=6n,  y}—b*  then  gives  rise  to  a  sym- 
metrical set  of  points  y=/>,  //,,  =  ^,  //,  =  /;.,,!,  where  N  may  have  the 
different  ^alues  0,  1,  "2  .  .  .  ;>— 1.  P»y  means  of  equations  of  this  nature, 
containing  also  appropriate  symbols  for  repetition  about  the  planes  of 
symmetry,  tho  various  sorts  of  symmetry  of  figures  or  of  regular  .systems 
of  figures  are  deduced  and  expressed,  Tho  method  by  which  they  are 
deduced  consists  practically  in  seeking  all  the  possible  combinations  of 
the  elements  of  symmetry  which  are  not  incompatible  with  each  other. 

In  the  first  memoir,  which  deals  only  with  the  symmetry  of  finite 
figures,  after  establishing  all  the.  possible  varieties  of  regular  polyhedra 
and  classifying  them  as  isogons  (which  have  similar  or  symmetrical  edges), 
and  isohedra  (which  have  similar  or  symmetrical  faces),  and  having  shown 
that  there  are  eighteen  sorts  of  typical  isohedra,1  Fedorow  investigates 
their  symmetry  according  to  the  principle  that  each  class  (tfymmetrie  art) 
corresponds  to  certain  typical  isohedra,  and,  conversely,  that  when  all 
the  typical  isohedra  arc  known  tho  various  classes  of  symmetry  can  be 
deduced  from  them.  Crystal  polyhedra  are  treated  as  special  cases. 

1  A  typical  isohedron  is  the  figure  derived  from  a  polyhedron  by  moving  its  faces 
parallel  to  themselves  until  they  all  touch  one  and  tho  same  sphere. 
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The  second  part  of  the  memoir  considers  the  regular  partitioning  of  a 
plane,  and  of  space,  and  the  nature  of  zonohedra,  or  figures  whose  faces 
intersect  in  parallel  edges,  and  shows  that  there  are  six  kinds  of  zono- 
hedra. [Here  also  the  author  lays  down  the  principles  of  simple  elonga- 
tion (Ziuj)  and  Shear  ( Verschiebung),  and  shows  that  any  parallelepiped 
may  be  transformed  into  any  other  by  these  two  processes.  These 
principles  are  chiefly  of  importance  in  Fedorow's  development  of  his  own 
theory  of  crystal  structure,  and  of  his  methods  of  calculation.] 

With  regard  to  the  ]nir!ilio:iinLf  of  space,  it  is  shown  that  space  may 
be  filled  either  by  equal  figures  ranged  parallel  to  one  another  ;  these  are 
called  *  parallelohedra  ' ;  or  by  polyhedra,  which,  while  equal  or  symmetri- 
cally similar,  are  not  necessarily  parallel  ;  these  are  called  '  stereohedra.' 

The  plane- faced  parallelohedra  are  bounded  by  pairs  of  parallel  faces 
(i.e.,  they  possess  centre-symmetry),  and  their  arrangement  is  necessarily 
that  of  a  space-lattice.  There  are  four  sorts  of  such  parallelohedra, 
namely,  those  with  three,  four,  six,  or  seven  pairs  of  parallel  faces  ;  and 
the  filling  of  space  with  these  corresponds  to  the  close  packing  of  spheres 
which  are  in  contact  with  six,  eight,  twelve,  or  eight  neighbouring  spheres 
respectively.  Fedorow's  most  general  sort  of  parallel ohedron,  the  fourth 
of  those  mentioned  above,  the  <  heptaparallelohedron,'  is  identical  with 
the  l  tetrakaidekahedron  ;  subsequently  and  independently  established  by 
Lord  Kelvin  as  the  most  general  parallel-faced  cell  into  which  space  can 
be  regularly  partitioned  ;  ]  its  superficial  area  is,  as  was  shown  by  both 
authors,  a  minimum  for  a  given  volume. 

When  space  is  partitioned  into  differently  orientated  identically 
similar  plane-faced  stereohedra,,  these  may  always  be  grouped  together  into 
sets,  such  that  each  set  is  a  parallelohedron  ;  further,  the  analogous  points 
of  the  stereohedra  constitute  a  regular  point-system,  just  as  the  analogous 
points  of  the  parallelohedra  constitute  a  space -lattice.  Here,  then, 
we  have  a  statement  of  the  fact  that  the  points  of  a  regular  point- 
system  can  always  be  grouped  into  clusters  whose  arrangement  is  a  space- 
lattice. 

As  will  be  seen  hereafter,  this  conception  of  parallelohedra,  as  opposed 
to  stereohedra,  forms  the  basis  of  Fedorow's  own  theory  of  crystal 
structure. 

The  last  section  of  the  memoir  is  occupied  with  the  consideration  of 
polyhedra  with  concave  faces,  or  *  koilohedra.' 

In  his  second  treatise,  that  dealing  with  regular  systems  of  figures,2 
the  problem  of  crystal  structure  is  more  directly  approached.  A  regular 
system  of  figures  is  defined  as  consisting  of  an  infinite  assemblage  of  finite 
figures,  such  that  when  any  two  of  them  are  made  to  coincide  by  one  of 
the  processes  of  symmetrical  repetition  (including  herein  the  mirror-image 
repetition  to  be  mentioned  presently)  the  whole  system  coincides  with 
itself  again.  This  is,  of  course,  practically  the  same  as  the  definition  of 
Schonflies,  and  must  lead  to  the  same  results. 

If  any  point  in  one  of  the  figures  be  chosen,  and  the  homologous 
points  in  all  the  figures  of  the  system  be  sought,  the  whole  complex  con- 
stitutes a  regular  point-system. 

Those  point-systems  in  which  only  repetition  about  axes    (screw  or 
other)  or  simple  translation  is  involved  correspond  to  Sohncke's  systems, 

1  Proc.  Roy.  Soc.,  1894,  Iv.  p.  I.     See  also  Phil.  Mag.,  1887,  xxiv.  p.  603. 

2  See  for  a  short  account  Zeit9,  Kryst,  Min,,  1802,  vol.  xx.  pp.  39-62, 
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and  are  called  '  simple  * ;  the  remainder  may  be  regarded  as  consisting  of 
two  '  analogous '  systems,  the  one  the  mirror  image  of  the  other,  and  are 
called  '  double  systems.' 

The  systems,  as  a  whole,  are  divided  into  three  groups  :  (1)  Symmor- 
phous,  whose  elementary  figures  possess  the  same  class  of  symmetry  as  the 
system  itself;  (2)  hi>iiii*\nm>.ni>|>liuu>.  consisting  of  two  analogous 
symmorphous  simple  systems,  which  together  make  up  a  '  double  system/ 
the  latter  itself  not  being  symmorphous  ;  (3)  asymmorphous.  In  the  first 
class  all  the  elements  of  symmetry  meet  in  a  point  within  each  figure  ;  in 
the  second  class  only  the  symmetry  axes  meet  in  a  point  ;  in  the  third  class 
none  of  the  elements  of  symmetry  meet  in  a  point ;  here,  consequently, 
adjacent  figures  are  differently  orientated. 

Fedorow  first  proves  that  the  classes  of  symmetry  of  the  regular  sys- 
tems of  figures  sire  only  special  cases  of  the  classes  of  symmetry  of  the 
finite  figures,   and  that  it  is  possible  to  have  several  regular  systems- 
bolonujin^  to  the  same  class  of  symmetry. 

The  classes  of  symmetry  are,  of  course,  thirty-two  in  number  ;  they 
are  limited  by  virtue  of  the  fact  that  the  axes,  whether  symmetry  axes, 
screw  axes,  or  axes  of  composite  (alternating)  symmetry,  can  only  be  two- 
fold, three-fold,  four-fold,  or  six-fold. 

The  definition,  of  the  regular  partitioning  of  space  given  by  Schonflies  l 
is  practically  identical  with  that  given  by  Fedorow  in  his  *  Elements  of 
Figures'  in  188f>  :  'A  division  of  space  into  absolutely  similar  cells  in 
which  each  cell  is  surrounded  in  the  same  way  by  the  remainder.'  If  in 
a  regular  system  of  figures  all  the  figures  dilate  uniformly  until  they 
come  into  contact,  the  system  is  converted  into  one  of  cells  regularly 
partitioning  space.  A  noteworthy  property  of  the  '  elementary '  or 
minimum  cells  is  that  the  axes  and  planes  of  symmetry  of  the  system 
cannot  pass  through  them,-  but  must  lie  in  their  surfaces ;  in.  other 
respects  unless  bounded  on  all  sides  by  planes  of  symmetry  their  actual 
form  is  quite  arbitrary. 

Here,  again,  Fedorow  introduces  the  classification  mentioned  above  : 
(1)  Symmorphous  systems  have  the  same  symmetry  as  their  cells  ;  here 
the  cells  arc  parallelohedra,3  and  therefore  arranged  in  parallel  positions  ; 
e.g.)  an  arrangement  of  parallel  cubes  ;  (2)  hemisymmorphous  systems, 
which  only  have  the  elements  of  simple  translation  and  rotation  in 
common  with  the  constituent  cells  ;  e.g.,  the  triangular  prisms  of  fig.  1  ; 
here  the  parallelohedron  (rhombic  prism  of  60°)  is  composed  of  two 
*  analogous '  stereohedra  (two  triangular  prisms)  ;  (3)  asynimorphous 
systems  in  which  the  parallelohedra  are  indeterminate  and  not  neces- 
sarily closed  polyheclra. 

Now  a  parallelohedron  possesses  a  centre  of  symmetry  (centre  of 
inversion),  and  if  it  is  a  convex  figure  this  centre  lies  within  it  ;  if,  on 
the  other  hand,  it  is  concave,  the  centre  lies  without  it.  Further,  in 
every  convex  parallelohedron  the  faces  are  only  parallel  and  equal  in 
pairs ;  and  there  are  only  four  sorts  of  parallelohedra,  namely,  those 

1  Nadir.  (L  It.  Gcs.  <l.  Wiss.,  Gottiugen,  1888,  ix.  p.  22S.  2  See  above,  p.  326. 

9  Like  Hatty's  molecules  so ustrac tires  Fedorow's  parnllclohcdra  are  mere  geo- 
metrical entities,  and  in  many  cases  the  grouping  of  the  stereohedra  which  produces 
them  has  to  be  very  arbitrary.  The  same  stcreohedra  can  in  all  cases  bo  grouped 
to  form  parallelohedra  in  an  infinite  number  of  ways.  The  parallelohedra  will  often 
have  re-entrant  angles  even  if  the  angles  of  the  stereohedra  of  which  they  are  com- 
posed are  all  salient. 
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mentioned  above,  which  possess  respectively  three,  four,  six,  and  seven  such 
pairs  of  faces. 

The  following  example  illustrates  the  principles  described  above,  and 
is  of  special  interest  as  representing  a  type  consistent  with  the  symmetry 
of  the  mineral  dioptase  which  first  led  to  an  extension  of  Sohncke's 
theory.  This  mineral  possesses  an  axis  of  trigonal  combined  with  a 
centre  of  symmetry,  its  faces  always  occurring  in  sets  of  six,  which  are 
all  alike,  and  consist  of  three  pairs  of  parallel  faces.  (The  symmetry 
may  equally  well  be  described  as  due  to  the  operation  of  an  hexagonal 
axis  of  alternating  symmetry.) 

Fig.  10  represents  a  system  of  stereohedra  arranged  in  accordance 
with  this  symmetry:  the  stereohedra  are  of  two  sorts  (R  and  L),  one  sort 
being  the  mirror-image  of  the  other  ;  the  structure  is  symmorphous. 
A  series  of  points  similarly  situated,  one  within  each  stereohedron 
K,  would  constitute  a  Sohncke-system  :  a  '  double  system '  of  points  is 
obtained  by  adding  a  series  similarly  situated,  one  within  each  stereo- 
hedron L.  The  figure  also  shows  the  manner  in  which  the  stereohedra 


can  be  grouped  in  sets  of  six  to  form  parallelohedra,  which  in  this  case 
are  rhombohedra.  Consequently  a  rhornbohedral  partitioning  of  sp^ce  is 
consistent  with  the  given  type  of  symmetry. 

From  the  principles  laid  flown  in  the  memoirs  mentioned  above, 
Fedorow  is  able  to  deduce  all  the  possible  types  of  symmetry  which 
characterise  either  homogeneous  systems  of  figures,  or  homogeneous 
systems  of  points,  or  the  homogeneous  partitioning  of  space. 

They  are  230  in  number,  and  are  identical  with  those  established 
independently,  as  stated  above,  by  Schon flies. 

Fedorow's  theory  of  crystal  structure,  which  is  based  upon  his 
parallelohedra,  will  be  considered  later. 

Barlow. 

The  result  attained  by  Fedorow  and  Schonflies,  that  homogeneous  struc- 
tures, if  classified  by  their  symmetry,  can  be  distinguished  not  only  into 
thirty-two  classes  but  into  230  kinds  which  belong  to  these  thirty-two 

1  The  stereohedra  are  shown  in  the  figure  slightly  drawn  apart  to  make   the 
clearer,  but  in  fact  they  Jill  space  without  interstices, 
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classes,  was  arrived  at  by  William  Barlow*1   by  a  somewhat  different 
reasoning. 

The  sixty-five  point-systems  of  Sohncke  are  of  two  sorts  :  some  of  them 
are  identical  with  their  own  mirror-images  and  some  are  not.  Further,  there 
are  some  very  simple  homogeneous  structures  which  are  not  Jully  repre- 
sented among  Sohncke's  systems.  An  example  will  be  given  directly. 

Barlow  designates  the  identical  symmetrical  repetition  of  parts  through- 
out space,  as  investigated  by  Jordan  and  Sohncke.  by  the  title  '  homo- 
geneous structure/  and  his  definition  of  such  a  structure  is  very  similar  to 
that  given  by  Fed o row  of  a  regular  system  of  figures.  He  shows  that  the 
point-systems  obtained  by  taking  all  the  *  ••  '•  _•  .  points  in  such  a 
structure  are  Sohnckc's  point-systems,  and  that  every  such  structure  is 
capable  of  the  coincidence-movements  of  some  one  of  Sohncke's  sixty-five 
systems  and  of  no  other. 

Suppose,  for  example,  a  number  of  equal  cubes  to  be  stacked  together 
in  the  most  regular  manner,  and  let  any  geometrical  point  be  taken  within 
one  of  the  cubes.  There  are  within  this  cube  twenty-three  other  points,  at 
the  same  distance  from  its  centre  as  the  first,  which  have  identically-  the 
same  relation  to  the  whole  stack,  so  that  the  latter  presents  the  same 
aspect  when  viewed  from  any  one  of  the  tweiity-four  points. 

These  twenty-four  points  constitute  a  Sohnckian  U4-punktner,  and  when 
conv* pond  ing  points  are  taken  in  all  the  cubes  Solmcke's  system  59  is 
obtained. 

.By  a  method  of  developing  structures  of  higher  symmetry  from  those 
of  lower  symmetry,  Barlow  obtains  aU  Sohncke's  sixty-five  sets  of  coin- 
cidence-movements, and  points  out  that  corresponding  to  each  of  these 
sixty-five  systems  is  a  class  of  homogeneous  structure  which  is  not  identical 
with  if  it  own  inirrur-iiHftgt'.  He  then  remarks  that  the  additional 
property  of  identity  with  mirror  image  can  be  displayed  by  homogeneous 
structures  in  a  definite  number  of  different  ways,  and  that  this  enables 
us  to  distinguish  other  types  of  symmetry  besides  the  sixty-five  types 
established  without  this  property. 

For  example,  let  a  line  be  drawn  from  each  point  of  one  of  the 
24-point  groups  above  described  through  the  nearest  cube-centre,  and 
prolonged  to  an  equal  distance  on  the  opposite  side.  The  twenty-four 
points  thus  obtained,  together  with  all  similar  points,  constitute  a  second 
Sohncke-systcm  which  is  the  mirror  image  of  the  first ;  from  each  of  them 
the  aspect  of  the  structure  as  a  whole  is  the  mirror-image  of  its  aspect 
from  any  one  of  the  first  set.  The  two  together  represent  fully  the  true 
symmetry  of  the  stack  of  cubes,  which  is  thus  shown  to  possess  a  higher 
symmetry  than  the  simple  Solincke-system  derived  from  it. 

If,  now,  space  is  to  be  filled  with  similar  unity nuiwtrical  cells,  instead 
of  cubic  cells,  one  such  cell  must  enclose  each  of  the  first  system  of  pointc, 
and  another  which  is  its  mirror-image  must  similarly  enclose  each  of  the 
second  system  of  points.  In  the  original  paper  the  diagrams  of  symme- 
trical partitioning  which  are  introduced  make  this  conclusion  easier  to 
follow.  The  cells  clearly  correspond  to  the  Fundamental  her  eiche  of 


1  *  Ucher  die •, ' rl-   •  •  \  T!,;-  \  -• f  -if--  •  \.  •       ->•':  starrer  Structuren  nnd  ihre 

Anwcndung  auf  i\  ;.  -•   "-  .'  /  itt   A/^..  .   !/••.,  I-   i.      '.  xxiii.  pp.  1-63 ;  and  18U5, 
xxv.  p.  80, 

2  Points  having  a  mirror- image  relation  to  the  pjint  selected  arc  not  here  taken 
Into  consideration. 
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Schonflies,  and  must,  as  stated  above,  contain  on  their  walls  all  the 
elements  of  symmetry  of  the  structure. 

The  double  system  just  obtained  might  have  been  constructed  in  another 
way.  Thus,  draw  a  line  from  each  point  of  the  24-punktner  perpendi- 
cular to  a  plane  of  symmetry  of  the  structure,  and  produce  it  to  an  equal 
distance  on  the  opposite  side  ;  the  system  so  obtained  is  identical  with 
that  previously  obtained  by  the  employment  of  centres  of  symmetry. 

A  homogeneous  structure  coMtNt  jn^  of  material  of  any  sort  or  shape 
which  contains  points  of  two  kinds  like  the  above  is  identical  with  its 
mirror-image. 

All  the  possible  types  of  homogeneous  structures  are  constructed  in 
the  following  way.  Take  a  Sohncke  point-system  and,  where  possible, 
insert  into  it  the  mirror-image  of  itself  (i.e.,  the  enantiornorphous  Sohncke- 
system)  in  such  a  way  that  the  coincidence-movements  of  the  two  coincide 
(e.g.,  the  Sohncke-system  obtained  from  R  of  fig.  10,  combined  with  that 
obtained  from  L). 

The  two  constituent  systems  are  then  related  to  each  other  in  one  or 
more  of  three  modes,  either  (1)  across  a  centre  or  centres  of  symmetry  so 
that  they  are  oppositely  orientated  in  every  direction,  or  (2)  across  a  plane 
or  planes  of  either  ordinary  or  gliding  symmetry,  or  (3)  they  are  opposed 
to  each  other  with  reference  to  one  direction  and  are  at  the  same  time 
orientated  at  right  angles  to  each  other. 

His  third  mode  is  in  reality  the  method  of  repetition,  used  by 
Fedorow,  Schonflies,  and  Curie,  which  has  an  axis  of  alternating 
symmetry  ;  Barlow  employs  it  only  in  the  case  of  the  tetartohedral 
symmetry  of  the  tetragonal  system  because  the  other  types  which  possess 
symmetry  of  this  nature  possess  also  the  symmetry  of  one  of  the  other  two 
modes,  arid  have  therefore  been  already  found. 

By  applying  these  three  modes  of  duplication  to  Sohncke's  sixty-five 
systems,  Barlow  deduced  the  same  230  types  of  symmetry  which  were 
(H-iimiruMicd  by  Fedorow  and  Schonflies. 

The  table  of  the  165  additional  systems  given  by  Barlow  has  this  advan- 
tage, that  it  distinguishes  clearly  the  enantiomorphous  systems  from  those 
which  possess  mirror-image  symmetry,  and  shows  the  mutual  relations 
of  the  two  enantiomorphous  systems  of  which  a  double  system  consists, 
and  further  indicates  the  exact  position  of  some  of  the  centres  and 
planes  of  symmetry  in  the  structure. 

Points  of  the  structure,  which  lie  at  these  centres  or  upon  axes  or 
planes  of  symmetry  ('  singular  points '  of  Barlow)  are  clearly  less  numerous 
than  any  other  sets  of  homologous  points  in.  the  structure.  In  the  stack 
of  cubes,  for  example,  the  centres  of  the  cubes  are  less  numerous  than  the 
most  general  sorts  of  homologous  points  within  the  cubes.  As  explained 
above,  there  are  two  sets  of  twenty -four  points  each  surrounding  each 
centre  ;  it  is  evident,  therefore,  that  the  least  symmetrically  situated 
points  are  no  less  than  forty-eight  time?  as  numerous  as  the  centres. 

Barlow's  theory  of  crystal  structure,  which  is  based  upon  the  principle 
of  close-packing,  will  be  considered  later. 

Any  account  of  the  geometrical  theories  of  crystal  structure  which 
omitted  reference  to  the  important  work  of  Lord  Kelvin  would  be  very 
incomplete.  This  author  has  investigated  the  problem  of  the  homo- 
geneous partitioning  of  space,  and,  as  was  mentioned  above,  established 
independently  the  tetrakaidekahedron  (Fedorow's  heptaparallelohedron) 
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as  the  most  general  form  of  cell  belonging  to  such  partitioning.    The 
fourteen  walls  of  this  cell  are  not  necessarily  plane.1 

Most  of  his  papers  cited  below  relate  to  the  equilibrium  of  molecular 
systems,  and  will  therefore  be  more  properly  considered  later  in  con- 
nection with  that  branch  of  the  subject.  A  discussion  of  the  relation- 
ship between  the  three  aspects  of  the  problem  of  crystal  structure — 
namely,  homogeneous  assemblages  of  points,  partitioning  of  space,  and 
close  packing  of  similar  bodies — forms,  however,  an  important  part  of 
the  *  Boyle  Lecture '  published  in  1894. 2 

The  assemblages  of  points  considered  by  Bravais  and  Solmcke  may  bo 
replaced  by  solid  bodies  in  contact  with  each  other,  or  by  close-titting 
cells  ;  so  also,  in  the  more  general  case,  the  Fuudamcntalbereiche  of 
Schonflies  may  be  occupied  by  points,  by  solid  bodies,  or  by  portions  of 
solid  bodies.  Lord  Kelvin  considers  these  problems  on  the  basis  of  the 
Bravais  assemblage,  and  treats  very  fully  of  the  partitioning  of  space 
into  identical  sameway-oricntated  cells.  His  definition  of  homogeneity  is 
therefore  more  limited  than  that  of  the  writers  subsequent  to  Bravais. 
Thus  he  says  :  '  The  homogeneous  division  of  any  volume  of  space  means 
the  dividing  of  it  into  equa)  and  similar  parts,  or  cells,  all  same  ways- 
oriented.  If  we  take  any  point  in  the  interior  of  one  cell  and  corre- 
sponding points  of  all  the  other  cells,  these  points  form  a  homogeneous 
assemblage  of  single  points,  according  to  Bravais1  admirable  and  import- 
ant definition.  The  general  problem  of  the  homogeneous  partition  of 
space  may  be  stated  thus  :  Given  a  homogeneous  assemblage  of  single 
points,  it  is  required  to  find  every  possible  form  of  cell  enclosing  each  of 
them  subject  to  the  condition  that  it  is  o^  the  same  shape  and  same  ways- 
oriented  for  all/3 

The  manner  in  which  the  physical  and  morphological  properties  of  a 
substance  may  be  represented  by  a  geometrical  rell-partitioning  is 
illustrated  by  Lord  Kelvin's  elegant  model  of  quartz  described  in  the 
Boyle  Lecture.4 

Among  the  systems  studied  by  Lord  Kelvin  are  those  of  atoms  endued 
with  inertia  and  held  in  equilibrium  by  Boscovichian  attractions  and 
repulsions. r>  As  a  possible  structure  for  an  ice  crystal,  for  example,  com- 
posed of  Boscovichian  atoms,  according  to  this  principle,  a  system  is 
proposed  consisting  of  two  interpenetrating  space-lattices  of  rhombohednil 
symmetry.0 

William  Barlow,  again,  in  a  paper  entitled  c  A  Mechanical  Cause  of 
Homogeneity  of  Structure  and  Symmetry  geometrically  investigated/  7 
has  given  numerous  examples  of  the  manner  in  which  stacks  of  close- 

1  'On  TToniopronoous  Division  of  Space/  Proc.-Jlfltj.  ^V.,  1891,  Iv.  pr>.  1-1(1 ;  'On 
the  Division  of  Space1  with  Minimum  Piirtitional  Area,'  Phil.  Mag.t  1887,  ser.  5,  xxiv. 
pp.  503-514  ;  'The  Molecular  Coiibtitution  of  Matter/  Proc.  Jtoy.  SL>C.  JKttiii.,  1881), 
xvi.  pp.  693-724. 

2  •  The  Molecular  Tactics  of  a  Crystal/  The  Second  Boyle  Lecture,  1894,  Oxford. 
9  Pror.  Itoy.  &V.,  1894,  Iv.  p.  1. 

4  P.  52.  (1f.  also  '  Piezo-elcctric  Property  of  Quartz/  Phil  Mag.,  189;),  scr.  5, 
xxxvi.  pp.  331-340. 

3  *  The  Elasticity  of  a  Crystal  according  to  Boscovich,'  PlnL  May.,  1893,  ser.  5, 
xxxvi.  pp.  414-430,  and  Pro?.  Itoy.  AV>r.f  1894,  Hv.  pp.  59-75. 

6  'On  the  Molecular  Dynamics  of  Hydrogen  Gas,  Oxygon  f!as,  Ozone,  Peroxide  o£ 
Hydrogen,  Vapour  of  Water,  Liquid  Water,  Ico,  and  Quartz  Crystal/  Itcjport  Erit. 
Assoo.,  1896,  pp.  721-724. 

7  Proc.  Hoy.  Dub.  800.,  1897,  viii,  pp»  527-G90. 
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packed  spheres,  either  equal  or  of  two  or  three  different  sizes  (repre- 
senting the  atoms),  may  be  constructed  so  as  to  possess  the  symmetry  of 
many  holohedral,  hemihedral,  or  tetartohedral  crystals,  and  to  be  in 
harmony  with  their  physical  properties.1 

Among  recent  writers  mention  should  be  made  of  C,  Yiola.  He  has 
employed  the  method  of  quarternions  to  derive  the  thirty-two  classes  of 
crystal  symmetry 2  and  has  also  given  an  elementary  exposition  of  these 
classes  based  upon  the  planes  of  symmetry.3  In  u  recent  paper4  he 
questions  the  ultimate  validity  of  the  law  of  rational  indices. 

It  is  sufficient  here  to  point  out  that  all  the  systems  devised  by  Kelvin, 
Barlow,  Turner,  Hollas  and  others,  being  homogeneous  arrangements, 
must  correspond  geometrically  to  one  or  other  of  the  230  types  of 
Schonflies  and  Fedorow,  and  must  all,  as  to  their  symmetry,  be  ultimately 
reducible  to  a  certain  number  of  interpenetrating  space-lattices.  As  they 
go  beyond  the  geometry  of  the  subject  their  consideration  is  postponed 
for  the  present. 

Summary. 

With  the  establishment  of  the  230  types  of  structure  the  purely 
geometrical  study  of  the  problem  seems  to  have  attained  something  like 
finality.  The  history  of  its  development,  as  sketched  above,  is  the  history 
of  an  attempt  to  express  geometrically  the  physical  properties  of  crystals, 
and  at  each  stage  of  the  progress  an  appeal  to  their  known  morpholo^'iral 
properties  has  driven  the  geometrician  to  widen  the  scope  of  his  inquiry 
and  to  enlarge  his  definition  of  homogeneity  in  order  that  it  may  include 
types  of  symmetry  which  did  not  fall  within  the  more  restricted  defini- 
tion. The  necessity  of  explaining  hemihedrism  led  to  the  system  of 
Sohncke  ;  the  necessity  of  accounting  for  the  known  symmetry  of  dioptase 
led  to  the  further  extension  of  Sohncke's  principles. 

The  two  most  satisfactory  features  of  the  linal  geometrical  solution  of 
the  problem  are  the  following  :  (1)  A  single  principle — namely  homo- 
geneity according  to  the  wider  definition— is  sufficient  to  account  for  the 
two  leading  characteristics  of  crystals,  their  svo'otropism,  and  the  law  of 
rational  indices.  (2)  The  lines  are  now  laid  clown  within  which  specula- 
tion concerning  the  actual  structure  of  any  crystallised  substance  can 
range. 

There  are  three  problems  to  be  solved  in  explaining  the  structure  of 
crystals  :  (1)  What  are  the  parts  of  which  a  crystal  consists  ?  (2)  How 
are  they  arranged  ?  (3)  Why  are  they  arranged  in  this  particular 
way? 

We  have  now  good  reason  to  believe  that  a  partial  answer  has  been 
found  to  the  second  question,  and  that  whatever  may  be  the  parts  of 
which  a  crystal  consists  they  must  be  arranged  according  to  one  or  other 
of  the  230  types  of  symmetry  ;  Sohncke  systems  and  Bravois  space- 
lattices  are,  of  course,  special  cases  of  these. 

1  Compare  also  A.  Turner,  Das  Problem  far  Kryntallisatlon%  Leipzig,  1897,  and 
W.  J.  Sollas  *  On  the  Intimate  Structure  of  Crystals,'  Proc.  Hoy.  8oc.,  1898,  Ixiii. 
pp.  270-300;  1901,  Ixvii.  pp.  493-496. 

a  Ueber  die  Symmetric  der  Krystalle  und  Anwendung  der  Quaternionrechnuog, 
Nevcs  JaJirb.,  1896,  Ullage  IM.  x.  pp.  495-KI2. 

8  Elementare  Dar^tellung  der  32  Krys>tallkla«se,  Zeit*.  Kryst.  Min.t  1897,  xxvii. 
pp.  1-10. 

4  Zur  Begiundung  der  Krystallsymm^trien,  4ir/,,  1001,  xxxiv.  pp.  358-'JS8, 
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It  is  true  that  by  placing  suitable  bodies  (molecules  endowed  with 
certain  symmetry)  at  the  nodes  of  a  space-lattice  all  the  properties  of  a 
crystal  may  be  accounted  for,  but  there  seems  no  suilicient  reason  for 
limiting  the  problem  in  this  manner.  The  material  occupying  .the 
Fiindiinwntalht'reirhe  of  Schon  flies,  or  represented  by  a  generalised  point- 
system,  may  always  be  supposed  grouped  about  the  nodes  of  the  underlying 
space-lattice  if  required,  so  that  what  wore  »it  first  regarded  as  so  many 
units  come  to  be  the  parts  of  a  single  composite  unit ;  but  in  some  cases 
the  latter,  like  some  of  Haiiy's  nwlfcnlps  aomttrartiiw,  must  be  a  mere 
geometrical  fiction. 

Until  wo  know  inoro  about  the  units  of  which  the  crystal  really  con- 
sists, there  will  necessarily  be  speeulution  as  to  whether  the  units  are 
situated  at  tho  most  general  sorts  of  homologous  points  in  a  given  type, 
or  whether  they  are  symmetrical  bodies  situated  at  the  singular  points  ; 
whether  they  are,  all  of  the  same  sort  or  of  more  than  one,  sort. 

It  ih  proposed  to  consider  in  a  subsequent  report  some  of  the  mechanical 
and  physical  conceptions  which  have  been  employed  in  «li^rn.^ing  the 
possible*  structure  of  crystals,  and  the  definite  structures  recently  ascribed 
to  certain  substances.1 


7V//*  J/ir/n'i/u-u/.x1  of  l*iul<>ftj?niiinl  Tr<f/<rs  uf  A"w///-/'vvtf  Yor  A>7/ //r . -— 
Sri'oHtl  Itr/HH'l  t if  the  1'i)ntiHitfriii  ro//x/s////'/  uf  Professor  W.  AV. 
WATTS  (il/ni!rintid),  Mr.  A.  U.  DWKKKYIIOOK  (tfefrelary),  Pro- 
fessor A.  SMITHKLLS,  Rev.  K.  JONKS,  Mr.  W \LTKK  MORRISON, 
Mr.  G.  BK\Y,  llev.  \V.  LOWKK  CAKTKK.  Mr.  AV.  FAIRLEY,  Mr. 
P.  F.  Ki:xi>.\i«L,  uml  .Mr.  *J.  K.  MARK. 

THE  Committee  niv  carrying  out  the  investigation  in  conjunction  with  a 
committee  of  the  Yorkshire  (leological  and  Polytechnic  Society. 

Tin-  work  of  investigating  the,  iloxv  of  underground  water  in  Fnglo- 
boro1,  ilescrih(Ml  in  the  n»port  pn^en hid  to  the  Association  at  the 
linulfonl  meeting,  was  rosumed  by  the  Committee  on  November  10, 
1900,  when  it  was  determined  to  study  the  underground  course  of  a  small 
stream  known  ;is  lliird  (Sill. 

This  stream  rises,  on  the  south  side  of  Intf'  *>oro',  in  a  spring  at 
1,000  iWt  ;i\)ov(»  the  sea,  and  Hows  for  a  distance  of  about  half  a  mile 
ov(  r  boulder  clay. 

H  then  reaches  the  bare  limestone  and  commences  to  sink  near  the 
eastern  corner  of  the*  croft  at  Crina  Uottom. 

In  wet  weather  the  stream  is  not  entirely  absorbed  at  this  point,  but 
flows  on  past  the  house  at  Crina  P>ottom,  and  enters  the  rock  at  Rowan 
Tree  Hoh;  (Uantree  Hole,  on  6 -in.  map). 

At  the  tirm1  of  the  experiments  the  water  of  Hard  Gill  was  entirely 
absorbed  between  the  point  where  the  VJOO  fret  contour  crosses  the 
stream  and  the  eastern  corner  of  the  croft,  and  consequently  the  investi- 
gation of  Rowan  Tree  Hole,  the  primary  object  of  the  excursion,  had  to 
be  abandoned. 

It  was  found,  however,  that  the  bulk  of  the  water  was  absorbed  at 
the  point  where  tho  1,200  feet  line  crosses  the  stream,  and  consequently 

1  This  relates  to  work  published  by  Mallard,  T.m>m£,  Fedorow,  Kelvin,  Wulff, 
Barlow,  Muthinnnn,  Tntton,  JSollas,  Go'dsichmidt,  Viola,  and  others. 

1901.  2 
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it  was  determined  to  introduce  one  pound  of  Fluorescein  into  the  open 
ioint  clown  which  the  water  was  flowing. 

This  was  done  at  2  P.M.  on  November  11,  and  before  7  A.M.  on  the 
12th  the  water  of  the  large  spring  at  the  reservoir  in  the  Greta  Valley 
was  strongly  coloured. 

After  introducing  the  Fluorescein  a  general  survey  was  made  of  the 
direction  of  the  joints  in  the  limestone  in  the  neighbourhood  of  the  sink 
and  011  the  clints  above  Crina  Bottom,  with  the  following  results  :  — 

Joint  at  •  sink  *  .......  N.  55°  W. 

On  'dints'  near  sink          .        .                 .  N.  55°  W. 

On  •  clints  '  above  and  to  the  west  of        .        .  (main)  N.  r>0°  W. 

Crina  Uottom     .......  (sccondaiy)  fc>.  2">°  "\V. 

The  spring  at  the  reservoir  is  thrown  out  close  to  the  line  of 
junction  of  the  Carboniferous  Limestone  with  the  underlying  Silurian 
rocks,  and  the  line  from  the  sink  where  the  "Fluoresceiii  was  introduced 
to  the  spring  runs  N.  55°  W.  —  that  is,  in  the.  direction  of  the  master 
joints  in  the  limestone. 

Thus,  again,  it  has  been  demonstrated  that  tho  direction  of  under- 
ground flow  is  determined  by  that  of  the  mahter  joints  in  the  limestone. 

After  a  considerable  though  unavoidable  delay  the  work  was  resumed 
on  June  21,  1901,  when  Alum  Pot,  on  the  Jlibblesdale  side  of  inglcboro', 
was  the  scene  of  operations. 

The  joints  in  the  neighbourhood  of  Alum  Pot  are  more  complicated 
than  in  the  parts  of  the  district  previously  investigated,  there  being  three 
sets  of  joints,  all  more  or  less  irregular  in  places. 

Close  to  Alum  Pot  there  are  two  sets  running  S.  f>c'  "\V.  and  N.  80°  E. 
respectively. 

Thirty  yards  higher  up  Alum  Pot  Heck  they  run  due  X.  and  S,  and 
N.  80°  E.,  the  north  and  south  joints  being  the  stronger  and  more  con- 
tinuous. 

On  the  'dints'  100  yards  above  the  Pot  there  are  three  set«  of  joints, 
as  follows,  viz.  — 

Master      ....      N,  10°E. 


One  pound  of  Fluorescein  was  put  into  the  stream  flowing  into  Alum 
Pot  on  Friday,  June  21,  at  7  P.M. 

There  was  not  much  water  flowing  at  the  time,  and  a  few  days  after- 
wards several  important  springs  in  the  neighbourhood  ran  dry,  including 
that  at  Turn  Dub,  on  the  opposite  bank  of  the  Kibble,  which  is  the 
reputed  outlet  of  the  Alum  Pot  stream. 

The  springs  commenced  to  flow  again  a  few  days  later  ;  but  although 
they  were  carefully  watched,  as  was  alao  the  river  itself,  no  trace  of  colour 
was  seen. 

Tt  was  therefore  concluded  that  either  the  Fluorescein  had  passed 
into  one  of  the  other  river  basins  or  had  become  so  diluted  as  to  be 
invisible. 

This  experiment  having  proved  inconclusive,  a  further  one  was  com- 
menced on  Thursday,  September  5,  the  results  of  which  are  not  yet 
known. 

Owing  to  the  long  delay  caused  by  the  drought  and  other  circum- 
stances beyond  their  control,  tho  Committee  have  been  unable  to 
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complete  the  work  during  the  present  year,  and  therefore  ask  to  be 
reappointed  and  to  be  allowed  to  retain  the  unexpended  balance  of  the 
grant  made  at  the  .Bradford  meeting. 


Photoyrajihit  (>f  Geological  Iiiicnat  hi  the  U/itted  Kiivjdom.  —  Twelfth 
Ifeiiort  of  ////?  Convniittea,  cvnm'tttiny  of  Proles,  or  JAMES  (*EIKIE 
(tlhairinari))  Dr.  T.  (j.  BONNKY,  Professor  E.  ,1.  GAKWOOD, 
Dr.  TKMI-KST  ANDKUSOX,  Air.  CJonFJtKv  UI.VKLEV,  Mr.  II.  f  'GATES, 
Mr.  C.  V.  CROOK.  Mr.  J.  (*.  Gooi>rinu>,  Mr.  WILLIAM  OKAY,  Mr. 
lloiiKKT  KIDSTOX,  Mr.  A.  S.  JlEiD,  Mr.  J.  J.  II.  TEALL, 
Mr.  R.  WKU'H,  Mr.  If.  "K.  WOODWARD,  Mr.  F.  WOOLXOUGH, 
and  Professor  AV.  W.  WATTS  (Mwehiry).  (Drfitni  UL>  ////  the 


THE  Committee  have,  the  honour  to  report  that  during  the  year  241  new 
photographs  have  been  received,  bringing  up  the  total  number  in  the  col- 
lection to  -J.Mti. 

In  addition  to  this  3  prints  and  3  slide's  have  been  given  to  the 
duplicate  collection,  making  a  total  of  :M7  photographs  received  during 
the  year. 

A  scheme  showing  the  geographical  distribution  of  the  photographs  is 
appended.  There  are  no  new  counties  on  the  list,  but  the  following 
counties  are  now  much  better  represented  than  hitherto  :  -Cumberland, 
Derby,  Durham,  Lincoln,  Norfolk,  Northumberland,  Wiltshire,  and  Pem- 
broke. Cambridgeshire  continues  to  share  with  Rutland  and  Hunting- 
don the  distinction  ot'  bein;*  unrepresented  in  the  collection.  There  are 
three  Welsh  counties  unrepresented,  eleven  in  Scotland,  and  fourteen  in 
Ireland.  As  Urecknock,  Dumbarton,  JKo<s-shire,  Wicklow,  Kilkenny, 
and  Waterford  are  amongst  these  counties  it  is  evident  that  the  work  of 
the  Committee  cannot  yet  be  considered  complete. 

To  this  year's  collection  the  most  noteworthy  accessior  is  Dr.  (?. 
Abbott's  s>et  of  photographs  of  sections  and  specimens  illustrating  his 
study  of  the  remarkable  concretionary  structures  exhibited  by  the  Mag- 
ncsian  Limestone  of  Durham. 

Another  important  contribution  is  a  beautiful  series  of  views  illus- 
trating problems  on  Physical  (Geography  and  Ideology  in  the  Cheviots, 
taken  by  Mr.  (i.  Bingloy  and  Mr.  Hastings.  The  former  also  sends 
photographs  from  Yorkshire. 

Mr.  Coomara-Swamy  has  taken  photographs  in  Lakeland  and  Wilt- 
shire, and  Mr.  Monckton  in  Dorset,  Surrey,  and  IVrkbhire. 

Mr.  A.  T.  Mot  calf  c  contributes  an  interesting  series  of  gl.icial  photo- 
graphs from  the  Norfolk  coast,  and  a  set  illustrating  the  volcanic  vents 
of  Derbyshire  recently  described  by  Sir  Archibald  (Jeikie. 

The  Hull  Geological  Society  and  the  Croydon  Microscopical  and 
Natural  History  Club  send  some  local  photogmphs  and  the  members  of 
the  North  Staffordshire  Field  Club  also  continue  their  contributions. 

Mr.  Jerome  Harrison  sends  some  exceptionally  beautiful  and  interest- 
ing pictures  of  drift  deposits  and  of  striated  bnulders,  of  glacial  pheno- 
mena about  Snowdonia,  and  of  surface  creep.  He  also  sends  illustrations 
of  Fal;eozoic  and  pre-Palivoxoic  rocks  in  the  Midlands,  while  the  Uriconian 
rocks  of  Shropshire  have  been  photogrurhed  by  Mr.  Buddicom  as  well. 
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Duplicates 

Pre- 

— 

vious 
collec- 
tion 

Addi.  : 

tiona         Total 
(1900)     ; 

Previous 
collec- 
tion 

AdtlHioi 
Prints 

is  (1900) 
Slides 

iTotal 

1 

ENGLAND  —        ; 

Berkshire        .  i         3 

2               5 

— 

— 

— 

— 

Cumberland    .           8 

10       '       18 

-  - 

— 

— 

— 

Derbyshire      .         «'>0 
Devonshire      .        120 

11       ,       41 
9            13r> 

1 
13 

«> 

•> 

1 
17 

Dorset     .        .         90 

9              99 

8 

— 

— 

8       ' 

Durham  .         .          29 

82 

111 

1 



,  — 

1 

Kent        .        .70 

2 

72 

13 

— 

— 

13       . 

Lincolnshire   .  ,         4 

2 

6 





_ 

Norfolk   .        .          IK 

!      r> 

23 

7 

— 

— 

7 

Northumber- 

land    . 

42 

28 

70 

— 

— 

— 

— 

Nottingham- 

shire   . 

13 

1 

14 

1 

— 

— 

1 

Shropshire 

33 

11 

44 

8 

I 

- 

9 

Staffordshire  . 

J2 

9 

51 

10 

— 

— 

10 

Surrey     . 

35 

8 

43 

•> 

— 

— 

3 

Sussex     . 

10 

2 

12 

—  • 

— 

—        •        — 

Warwickshire  . 

3ti 

o 

38 

3 

— 

—                3 

Westmoreland. 

Gl 

1 

«2 

G 



—       ,         I! 

Wiltshire 

1 

4 

."> 

— 

— 

111, 

Worcestershire 

14 

5 

19 

1 

-- 

!       i     ' 

Yorkshire 

440 

10 

4."i6 

G7 

G7 

Others     . 

388 

388 

59 

—              5!) 

Total    . 

1499 

213 

1712 

201 

3 

3            207       ' 

WALES—            I 

1 

Carnarvon       .  I       74 

IN 

92 

21 

—       i       —             24 

Pembroke        .         12 

3 

15 

—             

Others     . 

87 

— 

S7 

19 

I       -•               19 

Total   . 

173 

21 

194 

43 

"" 

43 

i 

C  ii  A  NX  KL     IS- 

i 

LANDS  .        .        15 

-.    i    15 

— 

—              — 

— 

ISLE  OP  MAN  . 

GO 

— 

60 

4 

— 

4 

SCOTLAND  — 

Inverness 

114 

1        11.J 

32 

32       ' 

Others    . 

19(5 

191; 

49 

•    _!     '"'     ' 

Total  . 

310 

i         :m 

81 

81 

IRELAND  — 

Donegal  . 

44 

1       i       45 

3 





3 

Others     . 

4t>3 

—       i     463 

55 

— 

55       , 

Total  . 

507 

1       '     508 

58 

-- 

.- 

58 

ROCK   STTHTC- 

TUBK8,  &C    .           91 

5             90 

31 

— 

81 

FOBEIGN 

__ 

—             — 

29 

___ 
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1 

Duplicates 

Pre-          Adrli- 

.,     - 

_    _. 

- 

•"- 

vious          tions 
col  lee-        (1UOO) 

Total 

Previous 
collec- 

Additions (U-'OO) 

Total 

lion 

tion 

Prints    '    Slides 

ENGLAND 

UW            213 

1712 

201 

3              3 

207 

W,\I,M     . 

173              21 

191 

43 

.  ~— 

43 

CHANNEL    IS- 

LANDS 

15              — 

15 

— 

— 

— 

ISLK  OF  MAN  . 

fiO              — 

60 

•i 



4 

SCOTLAND 

3io            i 

311 

SI 



81 

IRELAND  . 

!     507                1 

508 

58 

—             

58 

HOCK   STRUC- 

; 

TURES  . 

5)1                5 

!W 

31 

-^-             — 

31     : 

KOHICK;X  . 

_  .. 

— 

21) 

—              .  . 

i       21) 

'  

i 

Total  . 

2(555            241 

2s't»6 

447 

3     ,      a 

453 

To  these  gentlemen  and  to  the  contributors  mentioned  below  the 
Committee  tender  their  thanks  :  Professor  W.  Hillhouse,  Professor  E.  J. 
Garwood,  Mr.  J.  H.  Baldock,  Mr.  W.  S.  Parrish,  Mr.  J.  A.  Cossius,  the 
Rev.  C.  V.  L.  Barn  well,  Mr.  H.  J.  Steele,  Mr.  F.  W.  Robarts,  Mr.  W.  B. 
Banuerinan,  Miss  M.  S.  Johnston,  Mr.  J.  W.  Stather,  Mr.  Watson, 
Miss  M.  K.  Andrews,  and  Mr.  W.  \V .  Midgley. 

The  Committee  notice  an  increasing  tendency  on  the  part  of  contri- 
butors to  send  in  enlarged  photographs.  If  the  enlargement  shows 
details  not  easily  visible  on  the  originals,  and  if  they  are  sharp  and  clear, 
this  is  an  excellent  thing.  l>ut  unless  this  is  the  case  enlargements  do 
not  appear  to  possess  any  advantage  over  the  smaller  photographs  ; 
indeed,  rather  the.  reverse.  ;  while  they  occupy  considerably  more  storage 
room.  *  Fuz/itypes '  have  no  precise  functions  in  illustrating  geological 
phenomena. 

Tin*  Committee  would  again  call  attention  to  the  insertion  of  a  scale 
whenever  possible  into  the  photographs  i.ut  an  ordinary  foot-rule  the 
divisions  of  which  are  invariably  invisible,  but  something  of  average  size 
which  cannot  be  easily  mistaken--  the  human  ligure,  a  walking  stick, 
camera-case,  hat,  pencil,  or  coin. 

The  additions  to  the  duplicate  collection  number  only  six.  Several 
others  are  in  hand  ;  but  it  is  thought  advisable  to  hold  them  back  for  a 
time  in  order  to  get  complete  sets  on  certain  subjects. 

The  duplicate  collection  has  been  sent  to  Natural  History  Societies  at 
the  following  places  :--Dulwich  College,  Halifax,  Haslemere,  llighgate, 
Accrington,  and  \Voking. 

The  little,  ,set  of  photographs  which  was  framed  for  exhibition  at 
Paris  in  11)00  is  now  displayed  in  the  Museum  of  Practical  Geology  at 
Jerinyn  Street.  The  silver  medal  awarded  to  it,  or  rather  the  bronze 
copy  thereof,  will  doubtless  be  received  at  some  future  time. 

The  scheme  for  publishing  a  selection  of  typical  geological  photographs 
is  progressing,  in  spite  of  a  series  of  unforeseen  delays.  The  lir.*t  batch 
of  twenty-two  prints  and  slides  will  shortly  be  issued,  and  the  preparation 
of  the  second  and  third  batches  will  be  proceeded  with. 

Applications  by  local  societies  for  the  loan  of  the  duplicate  collection 
should  be  made  to  the  Secretary.  Either  prints  or  slides,  or  both,  can  bo 
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lent,  with  a  descriptive  account  of  the  slides.  The  carriage  and  the 
making  good  of  any  damage  to  slides  or  prints  are  expenses  borne  by  the 
borrowing  society. 


TWELFTH  LIST   OF    GEOLOGICAL  PHOTOGRAPHS. 
(To  SEPTEMBER  3,  1901.) 

This  list  contains  the  r:--"1--.  \  }  photographs  which  have  been 
received  by  the  Secretary  of  the  Committee  since  the  publication  of  the 
last  report.  Photographers  are  asked  to  affix  the  rojfistnvd  numbers, 
as  given  below,  to  their  negatives  for  convenience  of  future  reference. 
Their  own  numbers  are  added  in  order  to  enable  them  to  do  so. 

Copies  of  photographs  desired  can,  in  most  instances,  be  obtained 
from  the  photo^niplirr  direct,  or  from  the  officers  of  the  Local  Society 
under  whose  auspices  the  views  were  taken. 

The  price  at  which  copies  may  be  obtained  depends  on  the  size,  of  the 
print  and  on  local  circumstances  over  which  the  Committee  have  no  control. 

The  Committee  do  not  assume  the  copyright  of  any  2>hotograph$ 
included  in  this  list.  Inquiries  respecting  photographs,  and  applications 
for  permission  to  reproduce  them,  should  bo  addressed  to  the  photographers 
direct. 

The  very  best  photographs  lose  half  their  utility,  and  all  their  value 
as  documentary  evidence,  unless  accurately  described  ;  and  the  Secretary 
would  be  grateful  if,  whenever  possible,  surh  explanatory  details  as  can 
be  given  were  written  on  the  forms  supplied  for  the  purpose,  mid  not  oti 
the  back  of  the  photograph  or  ehwrhcre.  Much  labour  and  error  of  tran- 
scription would  thereby  be  saved.  A  local  number  by  which  the  print 
and  negative  can  be  recognised  should  be  written  on  the  back  of  the 
photograph  and  on  the  top  right-hand  corner  of  the  form. 

Copies  of  photographs  should  be  sent  unmounted  to  W.  W.  Watts, 
The  University,  Birmingham,  and  forms  may  be  obtained  from  him. 

The  size  of  photographs  is  indicated  as  follows  :    - 


L=  L;in1ern  size. 
1/1  =  Quai  lei -plate. 
1/2  =  Half  -platf. 


E  signifies  Enlargements. 


1/1  =  Whole  plate. 
10/8  =  10  inches  by  8, 
12/10  ^=12  inches  by  10,  &<•. 


*  Indicates  that  photographs  and  slides  may  be  purchased  from  the  donors,  or 
obtained  through  the  address  given  with  the  series. 

LIST  I. 

ACCESSIONS  IN  1000-1001. 
ENGLAND. 

BERKSHIRE. — Photographed  ly  H.  W.  MOXCKTOX,  7'V/.£,  3  Harcourt 
Buildings,  Temple,  E.G.     l/l  E. 

lvP£(l. 

No. 

2728  (921))  Gravel  Pit,  S.  W.  of  Cesar's    Well-stratified,  High  Plateau  Gravel.  1897. 

Camp,  Easthampsteud. 

2729  (832)       „ 
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CUMBERLAND.—  Photographed  ly  A.  K.  CooMARA-SwAMY,  -#.&?.,  F.G.S., 

Worplesdon,  Guildford.     1/4. 
Rcgcl 
No. 

2730  (      )  Noar  1'ooley  Bridge,  Ulls-    Stratified     Old     Red     Sandstone     con- 

water.  glomerate.     1900. 

2731  (      )        „ 

2732  (      )  North    sido  of    Dunmail    Mod  ial  Moraine,  transverse  to  valley.  1000. 

liaise. 

2733  (  )        .....  ,  „  „  M     ' 

2734  (  )  Quayfoot,  Borrowdalo  .     /tocltr  mouto/itit'c,  Borrowdale  Series.   1900. 

2735  (  )  „ 

2736  (  )  Grange,  Donowdale  .  „  Skiddaw  Slates.     1900. 

2737  (  )  „  „  „  Hhowingstriation.  1900. 

2738  (  )  North  of  Rosthwaiu-  .     Boulder-clay  on  glaciated  root.     1900. 

2739  (  )  Valley   leading  to  Wast-    V-shaped  valley.     1900. 

water  from  top  ol  Sty  Head 
Tasu. 

DERBYSHIRE.—-  Pholotfrttphed  hi/  A.  T.  ^IETCALFE,  F.G'.S.,  ftoufhwell,  Notts. 

§ 


2661  (<J  -12)  (iranjio  Mill,  .">  in.  W.  of    Two    Volcanic    Vonts    in     Carboniferous 

Mat  lock  Bath.  1/unrxtonc.     1SKK). 

2662  ((2  i:}) 


2663  (('  10) 

2664  ((i  il) 

2665  (Cf  :;<>) 

2666  ((i  "7) 


Valley  between  two  Vents.     1900. 

South"  or  larger  \Vnt.     1900. 

C'arbomff runs    Linjostone    dipping   from 

t ho  South  Vent      19(11). 
Kjt'c.U'd  l.lock  in  South  Vent.     1900. 


2667  ((!  :$9)       „  „  North  Vent.     1900. 

2668  (d  1)  „  „  1SH9. 

2669  (U  ~S)       ,,  „  Carboniferous    Limestone  within    a    few 

feet  of  the  eil^eof  the  North  Vent.  1900. 

2670  (<;:$)         „  ,.  „  North  end  of  Noith  Vent.     1S99. 

2671  (li  SJ.">)       >,  tt  n  Sprinir  at    juiH'tion   uf    Limestone   with 

JitddcilTu'll.     1900. 

DKYOXSIIIKK. — Mofof/r<ijJt'<?  by  Professor  W.  HILLHOUSE,  Af.A.> 
Ditfhf'ss  /[<Htfl9  Edi/bastoH)  Jh'rmint/hcm.     1/1, 

2740  (     )  Near  Wildcrsmouth  Uc:n-h.     Anticline.     1S9,".. 

Iifraeoinl)e. 

2741  (     )  llfiiicoinbe          .        .        .    Marine  J'oibole.     IMi,*!. 

rhutoywithrd  bif  IVofcssor  K.  J.  (iAinvooi),  M.A.*  /•*.^/.»S1.,  University 
CoHft/Ci  London.     I/-. 

2742  (     )  Ilfracombe,          •        .         •    Contoited    and    faulted    'pothooks    and 

bankers'   in  quartz  \ein    in    Devonian 

elate.     1887. 

.J'/tntoflrajdiftl  by  A.  K.  COOMARA-SWAMY,  />.&'.,  F.(i.S.^ 
WorplesdoH,  (rutfd/ord.    1/4. 

2743  (     )  ^  lew  from  the  Hound  Tor      Scenery  of  Granite  Moorland.    1900. 


Photographed  ly  J.  PARKINSON,  F.G.S.,  2;">1  Cnmdcit  Road,  N.     5/4. 

2744    (    )  North  of  Unit  Tail  .    Devonian  slates,  much  veined  and  cleaved* 

1901. 
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2745  (     )  Thurlestonc   Sands,  W.  of    Outlier  of    New  Reel  Sandstone  resting- 

Kingsbridge.  nnconformably  on  Slates  of  the  Torcross 

Group.     1901. 

2746  (    )  Thurlestone  Sands,  W.  of    Outlier  of  New  Red  Sandstone.    1901. 

K:i.  «'  :B<1ri . 

2747  (    ;  Inunestone  Sands,  W.  of  „  „  „ 

King«bri-li,p. 

2748  (    )  Thurlestono  Sands,  AV.  of  „  „  „ 

Kingsbridge. 

DORSET.— Phnto'imph'd  by  H.  W.  MOXCKTOX,  F.G.S.,  3  Ilarcourt 
BuildvMj*,  Temple,  E.C.     1/1  E. 

2672  (189G)  Durlstone  Bay,  Swanage    Middle  Turbeck  Stone  Bods.     1900. 

2673  (1897)        

2674  (1410)  NearGrand  Hotel,  Swan-    Wealdcn  Beds.     WOO. 

age  Bay. 

2675  (H20)  Punfield  Cove,  Swanage    Shell-bed  of  Pectin  axpcr  zone  of  Upper 

Gioensand.     1900. 

2676  (1421)          „          „  „  Shell-bed  of  P<>ctt>n  asper  zone  of  Upper 

Greenland.     1900. 

2677  (1439)  Tilly     Whim      »Ca\os,'     Block  of  Portland  Oyster  Ked.     1900. 

Swanage. 

2678  (142(5)  West  Hill  and  St.  Alban's    Portland    Stone,    Sand,    and    Kirneridge 

Head,  above  Chapman's  I'ool.        Clay.     1'JOO. 

2679  (1427)  Cliff,  K.  of  St.  Alban's     Portland  Stone  and  Sand,  over  Kimeririge 

Head.  Clay      1900. 

(1149)  The     Agglestone,     near    Concretionary  S'and-iock  weathered  out  of 
Sludland.  Ba«rshot  Beds.     1900. 

See  also  DUUIAM. 


DURHAM. — Photographed  ly  Dr.  (T.  ABBOTT,  3;J  Upprr  Vroswwtr  Road, 
Tunbridfjv  \V<U*.  Three  by  Messrs.  JOHNSON  awl  ISiun,  Tunbridye 
Wells.  Ilaiifll*. 


2749 

275O 
2751 

2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
276O 
2761 

2762 
2763 
2764 
2765 
2766 
2767 
2768 
2769 
2770 
2771 


(14)  Kulwdl  Quarry,  near  Sun- 
dorian  d. 

(15)  Hendon  Shnt»    . 

(10)  Hendon    Shoro    (^ome    in 

Britush  Museum). 
(17)  Fulwi-ll      .... 
(IH)  Building  Hill,  Sundeiland. 

(19)  Building  Hill,  NunnYrlnnil. 
(1078)  (In  British  Museum)      . 
(1072) 

(1147) 

(10S4) 

(988)  Fulwcll    .... 

(989) 

(990)        „          .... 

(9S7)        ...... 

(20)  Hendon  Shore    . 

(21)  Fulwell  Quarry  . 

(22)  llondon  Shore    . 

(L'.'J)  Building  Hill,  Sunderland. 

(24)  Fulwell  Quarry. 

(25)  „     „   .    .    . 


Sect  ion  of  Magnosiau  Limcst  one,  showing 

concn-t  ionary  si  i  ucturo.     1900 
Deposition  pai tings  m  roiirrctiou.s      1900. 
Finger-likes  rods.     1900. 

Rods  and  some  honc\  combs.     1  P(M  «. 

Rod  structure.     1900. 

Largo  spheric.nl  concretion.     1901. 

Rods  coated  with  cijMal.s          „ 

Rod  struct  uro.  „ 

Rods  on  eacli  sid(»  of  band.         „ 

Rods,  short  and  thick.  ., 

Rods  grown  downwards.     1900 

Rods  grown  np\\:trds  ,, 

Rods   i»rown   hoiixontallv   from    cleavage 

clefts.     1900. 
Nodes  on  rods. 
•Honeycomb.'     1900. 
1 S99. 
1900. 


Honeycomb. 


1901. 
190(» 


(-27) 
(88) 
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No. 

2772     (29)  Fulwell  Quarry  . 

2773    (11  &  12)  Hendon      . 

Honeycomb,  cut  and  uncut  surface. 

1901. 

2774    (2)  Fulwell        .... 
2775    (30)  (Hancock   Museum,  New- 

Honeycomb, showing  conical  nodes.   1900. 
Honeycomb  and  *  cauliflower  '  concretion. 

castle) 

1900. 

2776     (992)  Fulwell  (British  Museum) 

Honeycomb.     1901. 

2777    (1003)      „ 

»»                >• 

2778    (991)        „ 

51                                )1 

2779    (1027)      „ 

»'                                »» 

278O     (1091)  Fulwell  .... 

V                                >» 

2781     (1128) 

?i                                    M 

2782    (1088)        „ 

2783    (1046)        

.,                                     ,? 

2784     (1131)         „ 

2785    (1130) 

If 

2786     (1097)  Fulwt'll(BritishMu.seum) 

M                                       > 

2787     (1099)       „ 

«»                                       » 

2788     (1050)       „             „ 

•»                                       > 

2789    (10,-JJ) 

»•                                       > 

2790    (113t>) 

2791     (993)  Fulwoll     .... 

» 

2792     (1029)  Fnlwell(  British  MuMMim) 

»                                       1 

2793    (99s)  Fulwell     .... 

,                                       , 

2794     (999)  Fulwell  (British  Museum) 

,                                       , 

2795     (1032)      „ 

t                                      , 

2796    (1035)      ,, 

,                                       . 

2797    (31)  Fulwell. 

„       £ec  27G7.     19(X). 

2798    (1)  Fulwoll  (British  Museum)  . 

Coral  loid. 

2799    (32)  Fulwoll      .... 

,,  Hippie-marked.    „ 

280O    (3)          „            .... 

it                                »• 

2801     (101S)  FulwulHBritishMu^euin) 

«                                ,, 

2802    (loot) 

., 

2803    (10X3) 

i«                                >» 

2804    (108:0      „           „ 

sec  2803. 

2805    (10:,2)      „ 

«»                                                                        M 

2806     (99(5)  Fulwell     .... 

•>                                                                        " 

2807     (I09S)  Fulwoll  (British  Museum) 

»»                                                                        " 

2808     (1015)       .. 

» 

2809    (1119)  Fuhvcll  . 

»                                                                        '• 

281O    (1101)       „          . 

( 

2811     (1123)       „          . 

2812    (111*)       

,                                                                        >) 

2813    (1100)  Fulwell(BntMiMuseum) 

2814    (1077)       „             „ 

> 

2815     (1102)  Fulwell  . 

Coralloid,  sc^ii'gsition  bands.     1901. 

2816     (1092)  Fulwt'll(Briti.shMn>eiim) 

»«                ,,                 „            ,, 

2817     (1135)  Fuh\ell  .... 

Coialloid.  soc  2799.                          „ 

2818    (1110)        „ 

Honeyrtunb.  to  show  cleavago  across  rods. 

1901. 

2819    (1112)        

Primary  bauds  and  rods.     1900. 

282O    (99-1)  Fulwell  (liiitish  Museum) 

.Banding  of  honeycomb  and  primary 

band- 

inir.     1900. 

2821     (99,~>)  WVymouth,    Dorset  (Two 

Segregation  bands  in  mortar.     1899 

in  British  Museum). 

2822  (100)  Wall  of  Hamburgh  Castle, 

Northumberland. 

2823  (:W)  Fulwell      .... 

2824  (IU) 

2825  (:$."))  Tarson's  Rock,  Uoker 

2826  (3<>)  (British  Museum)      . 


Pseudo-organic  structure,     1900. 

Cannon-ball  bed.     1S91). 

Kgg    and  balls,    single    and    compound. 
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2827  (37)  Fulwcll      ....    Botryoidal  nia*scs,  some  with  *  undercoat 

banding.'     1900. 

2828  (88)        „  .  Botryoidal  masses,  some  with  *  undercoat 

banding.'     1  900. 

2829  (39)        „  ....    Muss  of  hall*.     1900. 

2830  (40)  Hendon  Shore    .        .        .     Balls  and  hands  in  alternate  layers.     1900 

KENT.  —  Photographed  by  J.  H.  BALDOCK,  Owrdali*,  St.  Leonard's  Jtoad, 
Croydon.  Sent  through  the  Croydon  Microscopical  and  Natural 
History  Club.  1/2. 

2681     (3)  Gravel  pit  north  of  railway,    Oldhaxen  Pebble  1>eds,     1899, 

bhortlands. 
2683    (4)  Gravel  pit  north  of  railway,  „  „          .,          „ 

Short  lands. 

LINCOLNSHIRE.  —  /"/  '•;/.•";  7."J  by  W.  S.  PAUUISH,  2  Waltham  Street, 
IhiU.     Sent  through  the  Hull  (ieologiwl  Socirty.     1/1  E. 

2877  (18)  :J    m.     from    Frodingham     Lo\\er  Lias,  F.odinghum  honstone,  with 

Railway  Station.  oveilyinu  1  cdsof  peat  and  gravel.     1S9S. 

2878  (19)  £    in.    from    Frodingham     Lower  Lias,  Froilin^ham  Iionstone,  with 

Railway  Station.  overly  intr  beds  of  jn'at  and  gravel.     1  SJ»8. 

NORFOLK.—  Photographed  by  A.  T.  MKTOAI  FK,  F.G.S.,  South  nvtt, 

Nott*.     1/4. 

2683  (G15)  Cliff  between  West  liun-    (1ontorted  Diift      1900. 

ton  &  Sherringhum. 

2684  (G  Hi)  Cliff  between  West  Run-     Contorted  Drift  and  Glacial  Sands.     !<»!)(). 

ton  jind  Sherringhnm. 

2685  (G  17)  Cliff  between  Wett  Kun-     Contortions  in  Glacial  Snnds  and  Gravels. 

ton  nnrt  Sherringham.  1900. 

2686  (G  IS)  dirt  just  E.  of  Shon-im--     Contorted  Drift.     1900. 

J  in  m 

2687  (G  21)  Xorwich         .        .        .     Hon^o    occupied    by  Professor  ^cdgwick 

when  Canon  of  Nonurh.     1900. 

NoBTUUMUKBLAND.  —  Photographed  by  G.  ]3iX(iLKV,  Thornwhurst^ 
Head-in  yley,  Leeds.     I/-. 

2688  (527»)  Shining  Pool,  Harthopo    Lateral  Moraine.     1900. 

Burn,  near  Woolor. 

2689  (5276)  Below  Shining  Pool        .    Ande.site    Hills,  with  Hi-dghopne  in  back- 

ground.    IJiOO. 

2690  (5277)  From  Shining  Pool         .     Moraine  material,  conli  inning  blocks  from 

the  Tweed  Valley.     1JMMJ. 

2691  (52SO)   Cheviot  from    Langlec-    Junction  of  Granite  and  Porphyrite.  1900. 

ford. 

2692  (5282)  Ilonsey  Crag,  Langlee-    J'>esh  An'lesito,  resting   on    Pori)hyrite. 

ford.  1900. 

2693  (5290)  South  Bank  of  Harthopo    Junction  of  (jranitc  and  metamorphosed 

Burn,  Langlee.  Porphyrites.     1900. 

2694  (5291)  I    m.    west    of    Calder    Overflow    valley  of  glacial    lake   of    the 

Farm.  Breamish.     1900. 

2695  (5292)  Near  confluence  of  Green-    Porphyrites.     1900. 

side  Burn  and  R.  Breamish, 
near  Ingram. 

2696  (5293)  Near  confluence  of  Green-    Porphyrites  with  talus  slopes  ('  glitters  '). 

side  Burn  and  R.  Breamish,         1900. 
near  Ingrrum. 
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2997     (529f>)  Kiver  Till,  near  Wooler  .     Foreground  of  Lower  Carboniferous  Rocks 

and  Andesite,  Hills  of  Cheviot  in  dis- 
t  ai  ico.     1900. 

2698  (521)7)  near  Akeld  Burn,  S.  of    Overflow  valley  into  Akcld  Burn.     1900. 

WJiito  Law. 

2699  (5299)    Munday    dough,    near     Overflow  valley  of  a  glacial  lake.     1900. 

Wooler. 

2700  (.jHOO)    Ifiimblcton    Hill,    near    Dry  gorge,  the  overflow  of  a  glacial  lake. 

Wooler.  1900. 

Photoyraphcd  ly  d.  HASTIN<  "is,  15  Oak  Lane,  Bradford.     1/2. 

2831  (171)  Cheviots   from  Tom  Tol-     General  View.     15)00. 

ton's  Crag,  near  Wooler. 

2832  (173)  View  across  Wooler  Burn.     Dry  valley  behind  Humbleton.     1000. 

2833  tlfiK)  Wooler  JJurn,  S.  of  Black     1900. 

Law. 

2834  (172)  (Jolf  Links,  near  Woolor  .  Two  ntreamlcss  rock-gorges.     1000. 

2835  (HS9)  Near  Wtioler     .         .         .  Dry  valley.     11)0'). 

2836  (Ki7)      Yeavering     Bell,     near  Dry  watercourse.     190<). 

Wooler. 

2837  (IfiJl)    Itoddam     Dene,    near        Post  -Glacial  gorge  in  Carboniferous  con- 

Wooler.  glomerate.     1900. 

2838  (162)  West  side  of  Afc  eld  Hum,     Deep  channel.     1900. 

aho\ft     Gleadbcleu^h,      near 
Wooli-r. 

2839  (1(>1)  From  Hmnbleton  Hill,  near     System  of  dry  goige^     1900. 

Wo«ili  r. 

2840  (l")H)  Sinning  Tool,  near  Wnoler.     Kidj^r^  :md  dry  valleys.     I'.KK). 
2841(157)  '„  „  .     Dry  \alley  above  pool     1JMJO. 

2842  (161)  Linlioj'e  Burn    .         .         .     Jointed  Auirite-jriMmte.     1900. 

2843  (1«">6)   Hattho]>e       Uurii,      al>o\u     (iramte,  v  fined  with  tourmaline.     1900. 

Laii}*  lo<  >ford. 

28*4  (I  i»2)  IIou.M'y  Cray,  Laiieloi-ford.     Fre.sh  An  de-it  e.     1900. 
2845  (151)  Junction  of  Hart  hope  Burn     Cheviot  Porphyrites.     1900. 

and  Carey  Burn. 

NOTTINGHAM.  —  J'hofoyraphri/    l>y  K.    A.   I>usir,    Enyiwer*    Department, 
(iuikUnilli  XnHinyhaiH)  mid  coHfriltntwl  %  J.  SHIPMAX,  F.(!.S. 

2879  (     )  Hemlock  Stone    .        .        .    Stack  of  New  lied  {Sandstone  cemented  by 

Harytes.     1S99. 


by  K.  A.  J>ri>i>icoM,  J/.J.,  /V/.S'., 
The  J/M  A-  /////,  Plymouth.     1  /± 

2639  (    )  Caer    ('am  don,    from     cast    General  view  of  folding.     1S99. 

slope  of  Helmeth. 

2640  (     )  Caer  Carndoc       .        .        .     Synclinal  fold  in  Uriconian  Hocks.     1899. 
2841  (     )  ..... 

2642  (     )  ..... 

2643  (     )  Cuor  (\-iradDC  and   part,  of    Vriconian  Kocks.     lSi>9. 

IT«1H»  Rowdier  Hill. 

2644  (     )  Caradoe,  &e..,  from  the  llur-     The  Uriconian  Chain.     1899. 

way  i>n  Iho  Longinynd. 

2645  (     )  View  from  halfway  between     Cloe  HillN  Wenlock  Kdgo,  &c.     1900. 

Wall's     Bank      and      Hope 
llowdler. 

2646  (     )  Near    Dorrington    Station,    Two  Moulders  of  grey  (?  Esfcdale)  Granite. 

near  Shrewsbury.  1900. 


348  REPORT—  1901. 

Photographed  by  W.  JEROME  HARRISON,  F.G.S.,  52  Claremont  Road, 

Handsivorth,  Birmingham,     1/2. 
Rpffd. 
No. 

2658  (     )  Near  top  of  Caer  Caradoc    .     Brecciated  Rhyolite.     1897. 

2659  (    )  The  Lawley,  from  Comley    Uriconian  Rocks.     1807. 
Quarry. 

Photographed  by  3  .  A.  COSSINS,  Forxter  Road,  Moseley, 
Birmingham.     5/4. 

2896  (    )  Barrow,  near  Broseley         .    Fossil  tree  in  Coal-measures.    1901. 

STAFFORDSHIRE.  —  Photographed  by  W.  JEROME  HARRISON,  F.G.S., 
52  Claremont  Road.  Handsworth,  Birmingham.     1/2. 

2647  (  )  Railway  cutting,  Aldridge  .     Coral  mass  in  Wenlock  Shale.     11MK), 

2648  (  )  „  „  Fossiliferous  Wenlock  Shale.     11)00. 

2649  (  ) 

2650  (  ) 

Photographed  by  Rev.  C.  F.  L.  BAUNWELL,  titrani*Iuil?  Vicarage,  Uffo.ccter, 
Sent  through  the  North  Staffordshire  Field  Club.      1  /2. 

2847  (9)  The  Common  Plot,  Stone     .     Artificial  Caves  in  Xeupcr  Sandstone.   1001, 

2848  (10) 

2849(12)  „  „  Hippie-marking  on  roof  of  '  cave*.'     1901. 

2850  (11) 

Photographed  by  H.  J.  STEELE,  Barton  House,  JJurn?nm.     ticnt  through 
the  North  titaffordnhirc  Field  Club.     5/  L 

2851  (8)  Beggar's   Well   Quarry,  near     Faulted  Tria^ic  Sandstone.     1S99. 

Alton. 


SURREY.  —  Photographed  by  H.  \V.  MONOKTON,  F.d'.S.,  o 
Buildings,  Temple,  E.C.     1/1  E. 

2701     (985)  Tad  worth  Railway  Cutting    Drift  resting  irregularly  on  Thanet  Sands. 


2702  (987)         „  „  Thanot  iSand  on  Chalk      1898. 

2703  (1472)  God&tone,  W.  of  main  road     Folkestone  Beds  in  Lower  Gi  eensand.  1  900. 

in  village. 

2704  (1473)  Godstone,  W.  of  main  road 

in  village. 

Photographed  by  F.  W.  ROEARTS,  23  Oliver  Grove,,  tiunfh  Norwood,  8.E. 
Sent  through  the  Croydoii,  Microscopical  and  Nuliirnl  Hint  on/  Glob. 
1/1  E. 

2705  (1)  Addiscombe  Road,  Croydon  .     Black  heath  and  Oldluuen   l»c-(K  oveilying 

(Mrcalicd.     J80S. 

Photographed  by  W.  B.  BANNERMAN,  F.d.S.,  Sydrnhain  Roa<1,  Croi/dou. 
Sent  through  the  Croydon  Microscopical  and  Natural  History  CInb. 
1/1  E. 

27Q6  (2)  ^eneca  Jload  and  Bepsham    Sandstone  Boulders  at  bottom  of  gravel 
I^ane,  Thornton  Heath,  pit,  resting  on  London  Clay.     J809, 
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Photoyrnphed  by  J.  II.  BALDOCK,  Owrdale,  >SV.  Leonard's  Road>  Croydon. 
Rent  through  the  Croydon  Microscopical  and  Natural  History  Club. 
1/1  E. 


No. 

2707  (5)  Whyteleafe  Chalk  Pit  .        .    Lower  part  of  Upper  CLalk  and  Middle 

Chalk.     189!)? 

Phntnyraphfd  by  Miss  MARY  S.  JOHNSTON,  J/it'rfirood,  IVinMrdon  Hit?, 

1/4. 


2852  (10)  Quairy  north  of  Godst  one   .     Lower  bed  of  sand  in  Folkestone  Beds. 

11)00. 

SVHHEX.-   Phot  oyraphcd  for  \V.  W.  WATTS,  Jtiimhtyhum  University. 

11 


2853  (     )  Kast  of  Seaford   .        .        .     Valley  in  Chalk-  Downs,  illustrating  sub- 

aerial  topography.     IM'S. 

2854  (     )  Near  mouth  of  H.  Cuckmcrc    Clialk    Cliii's;    dcptructiou    of    subaerial 

topography  by  the  ^ea.     1^08. 

WARWICKSHIRE.  —  Photoyrafthed  by  W.  JKROME  HARRISON,  F.G'.S.i 
rr2  Chtmnnnt  Itowl)  Ilaitdworf/i)  JtiriniHf/Jtnm.     1/2. 

2651  (     )  r.lackroot  Pool,  Sulton  P.-irk     Fault  in  Trias.     1!M)0. 
2657  (     )  Tnnj.le   (?mfton.  N.\V.    of      Scarp  of  Uha'tk-  Hocks.     11HX). 
Stratford  -on  -A  von. 

"NViisTMORKLAND.  —  rhotuyraphcd  l>y  A.  K.  COOM  \RA-Sw.\MY,  7A>SV.,  F.d'.tf., 
WtHyiltwhiiti  (j'ttiltlford.     1    4. 

2865  (     )  South  side  of  Dainnail  Haise     Murainc  mounds.     1000. 

.  —  rhttloyrnphrd  by  A.  K.  COOM  \RA-S\vv.MY,  /?».,  /'</..^., 

1-1. 


2856  (     }  Ficld.s,  J  in.  N.Iv  of  1'lacc    .Scenery  in  the  Vale  of  Wardour.     1SHM). 

Farm,  Tishury. 

2857  (     )  Lath  down.  iiparTislniry     .     Middh*  Puiheck  Hocks.     1900. 

2858  (     )  Chilmark  Itavitie,  wcM  side     I'ppcr  Portland  'Lower  building  Stones' 

1IMM). 

2859  (     )        „  „      east    bi-lc     Upper  Portland.  •  Chalky  Series.*     1000. 

WORCKSTER.     Photographed  by  W.  JEROMK  IFAiuusoN,  F.G.K.j  »'2  Clare 
wont  Jtwid,  Hnndwortb.  H'mmuyham.     }  '"2. 

2652  (     )  Wren's  Nest,  Dudley    .         .     (Jeneral  view  of  Silurian  inlicr.     11)00. 

2653  (     )        M  „  Cuncd  I  strike  of  Wenlock  Shale>      liHH). 

2654  (     )  The  Lickey  Hills,  seen  from     Cambrian  Quart  zite,  Hanked  by  Llandoverjr 

Rubery.  Sandstone.     11HM». 

2655  (     )  Hcdn'all   (Jnp  and  Bilberry    Cambrian  Quart  zite.     I'.'OO. 

Hill,  The  Lickey. 

2656  (     )  liilberry  Hill        .        .        .    O\erfoldcd  Cambrian  Quartzite.     1900. 

YORKSIIIRK.  -  Photographed  by  (GODFREY  BINCLRY,  Thorn  ictiurst, 
llcadiitylcy,  Ltcd*.      1/1  K. 

2860  (C31fi)  Garforth  .        .        .        .     Lower  Mnsincsian  Limcstor.e. 

2861  (.1347)        „  .        .  „ 
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2862  (5348)  Micklefield       .        .        .    Magnesian  Limestone.     1000. 

2863  (6340)  .        .        . 

2864  (63">0)  „  ...    Piped  surfiicc  of  Magnesian  Limestone.  1900. 

2865  (5352)  Meanwood  Valley,  Leeds.     Folded  Gannister  beds.     1900. 
2866(5351)  ,,  „          Stigrnaria  in  Gannister  Sandstone.     1900. 

2867  (5338)  Drangliton    Quarry,   near    Folded,  hrccciatcd,  and  overthrust    Car- 

SSkipUm.  bonifornus  Limestone.     1900. 

2868  (5310)  Draughton  Quarry  .        .    Folded    brecciatcd,  and  overthrust  Car- 

bonifcious  Limestone.     1900. 

Photographed  by  J.  W.  STATHER,  224  Spring  Bank,  Hull.    Sent  through 
the  Hull  Geological  SociMy.     1/1  E. 

2876     (20)  GluTs  near  Skipsea     .        .    Chalk  embedded  in  Boulder-clay,  crushed 

by  glacial  action.     1900. 


by  \V.  JKROMH  HAIIUISOX, 
52  Clare  mont  Road,  Handatioorth^  Jiirtninyham.     1/2. 

2708  (     )  Ccinway  Mount  lin  and  Pen-     Intrude,  felaites  and  dioriteH.     1900. 

maeniuawr,  from  Diganwy. 

2709  (     )  Great   Orme's  Head,  from     Boulder-clay  and  Carboniferous  Limestone. 

Piganwy.  1900. 

2710  (    )  Diganwy  Shore  .  .        .    Cliff  of  Black  Boulder-clay.     1900. 

2711  (     )  „  Cliff  of  Houlder-clay.     1900. 

2712  (    )  „  Cliil  of  Black  Boulder-clay.     1900. 

2713  (    ) 

2714  (    )  „  Striated  Boulder  ///  titu  in  Boulder-clay. 

1900. 

2715  (    )  „  Clitt  of  Boulder-clay  and  boulders  washed 

out  of  it.     1900. 

2716  (    )  „  LaiKC  Sciatchwl  Boulder.     1900. 

2717  (     ) 

2718  (     )  Snowdon,  from  Bwli-h  Miiiu     Hala  \olcanic  ash.     1900. 

2719  (     )  Bwlch  Main,  Snowdon        .     Babi  slaty  rockn      1900. 

2720  (    )  Cwm   Glas,  from  the  Pass     Moraine  and  Perchud  Blocks.     1900. 

of  Llanbens. 

2721  (    )  Cwm  Glas,  from  the  Pass    Moraine.     1900. 

of  Llanbnris. 

2722  (    )  Cwm  (Has,  from  the  Pass 

of  Llanberis. 

2723  (     )  Cwm  Glas,  from  the  Pass    Moraine,  near  view.     1900. 

of  Llanberis. 

2724  (    )  Pass  of  Llanberis,  looking    Jtoches  moutonnft:**  '  Lue-scito,'     1900. 

up,  near  Pont-y-Gromloch. 

2725  (     )  Pass  of  Llanberis,  looking    Crags  and  Screes  of  Rsgair  Kclen.     1900. 

down  near  Pont-j'-Gromlceh. 

PEMBROKESHIRE.  —  Photographed  by  W.  JKROMK  HAHHISOX,  F.G.S., 
52  Cfaremont  Road,  JIandttworfh,  JiiiiHtHyham.     I/  1. 

2660    (    )  South  of  Whitesand  Bay    .    Terminal  curvature  in  Cambrian   Slates. 

1*97, 

Photographed  by  C.  J.  WATSOX,  Ilotvillfi  Road,  Acock's  Green, 
Jlirmingham.     1/2. 

2726  (940)  Stack  llocks,  Tcnby  .        .    Marine  erosion  in  Carbonifcroiw  Limestone* 


2727    (909)  Old  Quarry  face,  Tcnby   .    Prodnctm    in   Carboniferous    Limestone. 

1899. 
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SCOTLAND. 

INVERNESS.  —Photograplied  l>y  A.  K.  COOMAI<A-SW\MY,  fi.Sc.,  F.G.8., 
Worulfiitdon.  KH  ildford.     1  /  I. 

Ifeffl. 
No. 

2869  (    )  Near  Sjrur-a-Marbhaid        .    Ulock  of  contorted  Lcwi&ian  Gnei«s*.    181)9. 

IIIELAXD. 

I)ONE(iAL.  —  Photographed  by  Miss  M.  K.  ANDREWS, 
12  Colby*  Hardens,  JMfaxt.      12/10  E. 

2870  (70)  Uullaghderg,  Inishfruc  P»ay    Spheroidal  Granite.    1MO. 

UOOK   STRUCTURES,  ,U\ 

wd  by  A.  K.  COOMAIIA-SWAMY,  n.S?  ,  F.G'.fl., 
(,'itiMford.     1/4. 


2871  (     )Glcndorafcrra/vnmb(.>rland;     Spcciineii!*  nf  Cliia'-tolite-slatc.     1IMK>. 

and  Uriltany. 

Wtotrtyraplipd  by  W.  W.  MlDOLEV,  77<r-  MHnrtnn,  Jfaltnn.     1/4. 

2872  (.">fi)  Arthur's  Seat.  Kdinbur^li  .  Olivinc-lia-alt.     x  20, 

2873  (5,"i)  Hud  bury,  Ontario        .        .  Olivi?u'-(iiabaM\      /  1^. 

2874  (,VJ)  Hcrldon,  Banir    .         .         .  l»cKinatiti\         Jo. 

2875  ill)  Armhi»th  Fell,  Cumberland  Quart  /-]»nrph>ry.     x  :iO. 

Sec  al-o  under  Iiuiliain. 


LIST   II. 
:   hLTLK'ATK  (LOAN)  COLLECTION. 

Thii  nuinluirs  placed  after  the  description  of  the  photo^r«iph  refer  to 
the  list-  of  pliotogrnphew,  \vlios»  names  and  addresses  are  given  at  the  end. 

Full  localities  and  descriptions  arc  given  in  List  T.  under  the  numbers. 

This  collection  is  arranged  geologically,  and  from  time  to  time  the  less 
perfect  and  less  typical  photographs  will  he  removed  and  better  ones  sub- 
stituted as  they  are  given.  Tho&e  laid  aside  can  always  be  seen,  sent,  or 
returned  by  reinvest. 

*  Indicates  that  prints  and  slides*  may  be  bought  from  the  photographer. 
1*.  indicate?*  prints.  IS.  indicates  slides. 

Sork  i 


7f1fw«/7s  in 
2846    Fo  sil  Tree  in  Coal-measures     .    Barrow,  P.r.solpy,  Shiopbhire.    fil  P. 

Evidences  <>/  E 


2740    Anticline    .  .  Near  WiUlorsmouth    teach,    Ilfracombc, 

Devon.    <K)  I'.S. 
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Surface  Agencies:  Denudation  and  Deposit. 

Marine  Action :  Denudation. 
2741     Marine  Pothole  ....    Ilfracombo,  Dovon.    CO  P.S, 

Characteristic  Rocks  and  Landscapes. 

Mesozoic. 
2857     Middle  Purbeck  Books       .        .     Ladydown,  near  Tisbury.    40  S. 

Names  and  Addresses  of  Donors  and  Photographers. 

40.  A.  K.  Coomjira-Swiimy,  Walden,  Worplesdon,  Guildford. 
00.  Professor  W.  Hillhouse,  The  University,  Birmingham. 
61.  J.  A.  Cossins,  Forster  Road,  Mosoley,  Birmingham. 


Ossiferous  Caves  at  Uphill — Report  of  the  Committee,  convict iny  of 
Professor  C.  ^&LOYI>  MomaN  (Oliainntui),  Mr.  II.  Bof/rov 
(Secretary},  Professor  W.  BOYD  HAWKINS,  Mr.  W.  R.  BARKER, 
Mr.  S.  H.  REYNOLDS,  and  Mr.  E.  T.  NEWTON,  n pointed  for  tin* 
purpose  of  excaratintj  the,  Ossiferom  Cares  (it  Uphill,  war  TIVs/o//- 
Miper-Mure. 

THE  Committee  havo  to  report  that  no  further  progress  has  been  made 
since  last  September.  Quarrymen  in  the  ordinary  course  of  their  duties 
have  continued  to  cut  back  the  rock  face  for  road  material.  The  fissure* 
caves  first  excavated  are  now  in  large  part  destroyed,  but  little  of  interest 
was  found.  Visits  have  been  paid  by  the  local  members  of  the  Committee 
on  several  occasions  in  the  hope  of  locating  a  new  deposit,  but  none  could 
be  found  to  justify  working. 

The  chief  find  of  interest  during  the  year  has  been  that  of  a  badger 
skull,  in  good  condition.  The  badger  is  native  to  the  country,  th<»  List 
specimen  in  the  Uphill  district  having  been  killed  about  twelve  years  ago. 
The  present  skull  seems,  however,  to  have  been  contemporaneous  with 
the  cave  animals. 

A  well  developed  tooth  of  Elephas  and  two  portions  of  a  fine  tusk 
were  picked  up  by  the  quarrymen. 

Professor  Reynolds  has  continued  his  examination  of  the  cave  material, 
and  will  publish  his  observations  later. 

The  Committee,  finding  no  site  was  promising  enough  to  work,  did  not 
draw  the  grant  of  51.  made  last  year.  The  Committee  do  not  ask  for 
reappointment. 


The  Zoology  of  the  S«ndicich  Txlt,mds. — Eleventh  Import  of  tin*  ( 

consistiny  of  Professor  NEWTON  (Chairman),  Dr."W.  T.  BLAX- 
I'ORD,  Professor  S.  J.  HICKSON,  Mr.  F.  I)u  CANK  HODMAN,  J)r. 
P.  L.  SCLATER,  Mr.  E.  A.  SMITH,  and  Mr.  I).  SHARP  (Mvretary). 

SINCE  the  last  report  Mr.  R.  C.  L.  Perkins  has  been  maintained  by  the 
Committee  at  his  work  in  the  islands,  and  it  is  intended  that  he  ahall 
remain  there  for  a  few  months  longer,  after  which  the  funds  of  the  Com- 
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mittee  available  for  this  purpose  will  be  exhausted.  He  has  been  working 
almost  solely  on  the  island  of  Oahu,  where  zoological  devastation  is  taking 
place  both  extensively  and  rapidly. 

Seven  parts  of  the  *  Fauna  Hawaiiensis '  have  now  been  published, 
and  two  more  are  in  the  press.  The  part  published  since  the  last 
report  is  devoted  to  Coleoptora,  and  was  prepared  by  Mr.  Perkins  while 
in  this  country,  and  by  the  Secretary  of  the  Committee. 

It  is  hoped  that  Mr.  Perkins1  services  may  be  secured  after  his  return 
to  this  country  with  the  object  of  completing  the  *  Fauna  Hawaiiensis/ 

The  Committee  asks  for  reappointment  with  the  same  powers  as 
before  and  a  grant  of  50/. 

Plankloutiwl  I'hyslffd  Conditions  of  the  English  Channel,  1899-1900. — 
Jnteri'Di'  Jfeport  of  the  Committee,  consisti/iy  nf  Professor  E.  RAY 
LANKKSTKR  ((thaii-man),  Mr.  AV.  GARSTAXU-  (Secretary),  Professor 
W.  A.  HKRDMAX,  and  Mr.  H.  N.  DIOKSOX.  (Drawn  up  hy  the 
SStvwtary.) 

THE  analysis  of  the  numerous  collections  of  Plankton  made  during  the 
periodic  cruises  in  1899  1900  is  now  approaching  completion. 

Owing  to  the  many  disadvantages  of  the  counting  method  introduced 
by  HenscMi  an  attempt  has  been  made  to  utilise  the  method  of  graded 
filtration  in  the  quantitative  analysis  of  the  vertical  hauls,  the  mass  of 
each  *  grade  '  being  determined  volumetric-ally.  Five  grades  have  been 
selected,  which  correspond  in  general  with  the  following  dominant  types 
of  the  plankton  :  -  (1)  Medusoids,  (2)  Calanus,  (3)  small  Copcpods, 
(4)  Larva»,  (5)  Diatoms  and  Cilioflagellatos.  The  largest  grade  is  that 
determined  by  a  square  mesh  whose  side  is  1-5  mm.  long  ;  the  next  l>y  a 
mesh  1  mm.  square.  These  dimensions  are  approximately  realised  in 
bolting  silk  ('  miller's  piuze  ')  having  sixteen  and  twenty-six  threads  to 
the  inch  respectively.  The  following  table  gives  the  complete  series  of 
standard  filters  adopted  : — 


Grade  No.  of  Threads  per  Inch  Xo.  of  threads  per  cm. 

A  Iti  <>-7  ((>  meshes) 

i                     P,  2r,  10 

('  fio  ,                       20 

J)  100  10                                       i 

I                    K  ISO  <!<)                                j 

Tt  is  found  that  the  errors  which  attend  the  volumetric  method  when 
applied  to  plankton  samples  consisting  of  mixed  and  varied  constituents 
are  greatly  reduced  by  tho  preliminary  process  of  separation  into  deiinite 
grades  of  size  ;  and  it  is  hoped  that  a  thorough  trial  of  this  method  of 
analysis  may  result  in  its  establishment  as  an  efticient  method  for  the 
quantitative  comparison  of  plankton  of  different  localities  and  seasons,  in 
conjunction  with  the  method  of  vertical  hauls  introduced  by  TIensen. 

Tho  Committee  respectfully  request  their  reappointment  for  one  year 
longer,  without  a  grant,  in  order  that  they  may  present  a  summary  of  the 
results  to  the  next  Meeting  of  the  Association. 

1901.  *"  A  A 
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Occupation  of  a  Table  at  the  Zoological  Station  at  Naples. — Report  of 
the  Commit!  ee,con$ist%ii(j  of  Professor  W.  A.  HERDMAN  (Chairman), 
Professor  E.  KAY  LANKESTER,  Professor  W.  F.  It.  WELDON, 
Professor  S.  J.  HICKSOX,  Mr.  A.  SKDUWICK,  Professor  W.  C. 
MclNTOSH,  and  Professor  G-.  B.  HOWES  (Secretary). 

APPENDIX  P\<iK 

I.      a.  Report  on  the  Occupation  of  the  Table,     liy  Dr.  R.   HAMLYN-IIAURIS, 

F.R.M.S.,  F.Z.S.,  '  Onthe  Statocysts  of  Cephalopoda '  355 

b.  Report  on  tJie  Occupation  of  the  TMc.  liy  Dr.  A.  H.  REGINALD 
BULLEB,  Ji.Sc.  Fir  the  contin  tuition  of  his  previous  inrestigtitiun  of 
1  The  Fertilisation  Process  in  Ihhinoidea  '  .....  356 

II.  A  List   of  Xaticra lists  who   hare  worked  at  the    Zoological    Station  from 

the  end  of  June  1000  till  the  end  of  June  liH)l    /  .         .  358 

III.  A  List  of  Papers  which  were  publish? din.  the    Year  1900  by  the  Naturalist* 

who  hare,  occupied   Tables  in  the  Zoological  Station     ....     300 

IV.  A  List  of  the  Publications  of  t lie  Zoological  Station  during  the  Year  ending 

June  30,  11)01       .  361 

THE  work  of  the  year  has  been  of  the  steadily  pmgresM\e  order  which 
marks  progress.  Mr.  H.  IE  Stewart,  for  whom  appeal  was  made,  was  at 
the  last  moment  prevented  by  college  duties  from  fulfilling  his  desire. 
Capable  '•.-..-  -i^-r*  were,  however,  forthcoming  in  Dr.  Reginald  Buller, 
of  Munich,  and  Dr.  Hamlyn- Harris,  also  at  present  working  on  the 
continent.  These  gentlemen,  in  availing  themselves  of  the  opportunity  of 
study  which  the  Association  afforded,  have  accumulated  material  sufficient 
for  long-continued  research. 

In  a  letter  received  by  your  Committee  from  Or.  Anton  Dohrn  special 
acknowledgment  is  given,  on  behalf  of  himself  and  the  associated  members 
of  his  staff,  of  the  terms  in  which,  in  the  Association's  Report  for  1900, 
their  work  has  been  described.  He  desires  that  the  best  thanks  of  all  be 
conveyed  through  your  Committee  to  the  officers  and  members  of  the 
Association  for  their  confidence  and  support,  with  the  assurance  that  it 
has  done  much  to  encourage  them  in  their  conviction  that  the  requirements 
of  marine  biological  study  are  as  great  ;is  those  of  the  terrestrial  order, 
and  that  both  should  be  equally  maintained  and  equipped. 

Under  this  resolve,  efforts  are  now  being  made  at  Naples  to  develop 
the  experimental  and  more  strictly  physiological  side  of  the  work  in  hand. 
It  is  needless  to  insist  on  the  advantages  which  must  accrue  from  the 
study  of  the  rich  fauna  of  the  Neapolitan  marine  area  to  the  largely  open 
field  of  comparative  physiology.  Work  of  the  experimental  type  is  now 
revolutionising  certain  branches  of  biological  inquiry,  and  in  deciding  to 
keep  pace  with  this,  those  in  charge  of  the  Naples  establishment  are  to  be 
commended. 

To  the  resolve  of  Dr.  Dohrn  and  his  associates  your  Committee 
acquiesce,  and  they,  with  increased  assurance,  recommend  the  claim  of  the 
Naples  Station  for  continued  support  to  your  consideration.  It  has  been 
in  the  direction  for  which  encouragement  is  now  sought  that  both  occupants 
of  the  Association's  table  have  during  the  past  year  been  engaged — Dr. 
Buller's  work  having  been  more  especially  of  a  most  advanced  order — 
and  it  is  accordingly  with  the  greater  satisfaction  that  your  Committee, 
in  applying  for  a  renewal  o_f  the  grant,  do  so  to  enable  Mr.  R.  Gurney,  of 
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Oxford,  a  tried  investigator,  to  study  the  origin  of  the  excretory  organs 
and  other  points  in  the  development  of  the  Crustacea,  and  more  particu- 
larly the  fertilisation  process  in  the  Decapods,  and  also  to  enable  Mr. 
W.  Wallace,  I3.Sc.,  Barry  Scholar  of  the  University  of  St.  Andrews,  to 
study  viviparous  fishes. 


APPENDIX  T. 

mi  the  Own  [Hill  f*n  of  Hie  Ttthlfi  of  the  ]$r!tS$h.  Aswocitttlon  iii  the 
%rx>l(nji<'(il  Station  ft1  yttjjlsn  diiriittj  the  mot'/Ax  ttf  Fubrm  r/'i/,  3/rnv/i, 
April,  and  J/r///,  1901. 

The  Statwyst*  •>/  ttyhalnpoila.     By  K.  IfAMrA'X-HAKKis,  F  If  M.N.,  I-.Z.8. 

Thanks  to  tin?  kindness  of  the  Committee  of  the  British  Association 
for  the  Advancement  of  Science,  T  was  permitted  to  occupy  their  table 
from  February  2*2  until  June  3. 

A  great  part  of  this  time  was  occupied  in  the  examination  and  study 
of  the  fauna  of  the  Gulf  of  Naples. 

My  special  object,  however,  in  visiting  Naples  was  to  institute  a 
thorough  research  into  the  organs  for  the  maintenance  of  equilibrium 
fGleiohgewichtsorgane)  in  the  Cephalopoda. 

Of  the  Cephalopod  species  occurring  in  the  Gulf  of  Naples  the  following 
were  placed  at  my  disposal  and  made  use  of  by  myself  :  — 

Fam.  —  OMMAsTRKPimu:.  Fain.  -  LOUUKXII. 

T<ntftrt>jini#  V*  rrnit/i  Jsafiyo  vitff/arin 

Fam.-  Oxcim.  '  Lt>r^°  """'>""™ 

V<>rany<r  8\culn  Fam.  —  ARISOXAUTID.E. 
Fam.     SKIM  DUX  i.  Orythw  tubercufata 

r<»i<W<tii  Fam.—  Oc  I-OPID.K. 


Fam.  —  SKPIARII.  •  Octo/wn 


tVrjtift  Orl)'nj)n/(t)id.  Ehdnnr 

tfrjtiit  cttytntit  ,  Ehdoiw  Afrlrouanti 

Young  speoimens  as  well  as  embryos  of  certain  of  the  above  species 
\vcre  also  fixed  and  preserved. 

Two  of  them,  viz.,  Ocythoe  tuberculata  and  Veranya  sicula,  are  pelagic 
and  comparatively  rare.  1  was  therefore  able  only  to  obtain  a  few 
specimens  of  these. 

The  only  existing  work  on  the  so-called  auditory  organ  of  tho 
Cephalopoda  is  that,  of  Owsjannikow  and  Kowalevsky,  published  in  1S(>7 
in  *  Memoires  do  TAcadthnie  imperiale.  des  Sciences  de  St-Petersbourg,'  7° 
seHe,  torn,  xi.,  No.  3. 

This  valuable  memoir,  containing  as  it.  does  the  result,  of  extensive 
microscopical  research,  is,  however,  thirty-  thivc  years  old,  and  science  and 
microscopical  methods  have  during  that  period  made  wonderful  strides. 
It  will  therefore  be  readily  seen  that  after  so  many  years  a  more  detailed 
histological  examination  of  the  same  subject  should  yield  important  results. 

A  A  2 
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In  the  majority  of  cases  it  was  my  practice  to  make  use  only  of  sucl 
parts  of  the  head  as  I  needed,  and  it  was  interesting  to  note  that  in  ever} 
instance,  among  the  Decapoda,  at  least,  the  statoliths  were  visible  througl 
the  cartilage  in  specimens  just  killed,  but  that  the  transparency,  as  woulc 
be  expected,  disappears  after  fixing. 

The  cartilage  of  the  Octopidje  seems  to  be  less  transparent,  as  it  wai 
only  with  difficulty  that  I  could  discern  the  statolith  without  opening  the 
cyst. 

The  statolith,  which  dissolves  in  acetic  acid,  giving  oft'  a  gas,  wliei 
tested  according  to  a  well-known  method  proves  to  consist  of  carlxmate  o 
lime,  and  by  this  treatment  a  membrane  enveloping  the  whole  of  tin 
calcareous  concremei  t  is  all  that  is  left. 

The  statoeysts  of  the  Cephalopod;».  show  the  highest  stato  of  onjanisa 
tion  among  the  invertebrata,  occurring  for  the  first  time  as  stationary 
calcareous  organs,  held  in  place  by  an  outer  membrane,  anil  situated  on  tin 
Macula  acustiea. 

The  endolymph  contained  in  the  vesicle  consists  of  a  clear  ilkalim 
fluid,  which  is  shown  by  the  xanthoproteie  reaction  to  contain  albumen. 

Time  must  necessarily  elapse  before  my  studies  in  this  direction  an 
completed,  when  I  hope  to  publish  the  result  of  my  labours. 

I  am  continuing  my  studies  at  the  Zoological  Institute  of  Tubingei 
University. 

I  should  like  to  take  this  opportunity  to  express  my  warm  appreciatioi 
of  the  way  in  which  the  Zoological  Station  is  managed,  imcl  my  sincer 
thanks  to  the  various  members  of  the  stafF,  especially  Professor  Kisig 
Professor  Paul  Mayer,  and  Dr.  Lo  Bianco,  for  the  many  courtesies  \\hicl 
they  showed  me,  and  the  valuable  advice  and  assistance  which  they  wer 
ever  ready  to  give. 

To  the  Committee  of  the  British  Association  for  the  use  of  their  tabl 
my  especial  thanks  are  due. 


Report  on  the  Occupation  of  a  Table  at  ths  Station*  Zoologies  ',  J 
during  March  and  April  1C01. 


The  Fertilise/  firm  Process  in 
By  A.  II.  RBUISTALD  HULIJSK,  X.Kc.,  FhJ). 

I  occupied  the  table  of  the  British  Association  from  March  'JO  unti 
April  25. 

The  research  work  undertaken  was  u  completion  of  a  study  of  the  cause 
leading  to  the  union  of  the  eggs  and  spermatozoa  of  the  Echinoiifai. 

Further  observations  and  experiments  were  mado,  supporting  th 
conclusion,  already  reported,  that  chemotaxis  plays  no  rolo  in  bringing  th 
sex-cells  into  contact,  and  that  the  spermatozoa  are  probably  incapable  o 
responding  to  chemotactic  stimuli. 

Special  attention  was  paid  to  the  movement  of  the  spermatozoa  upoi 
surfaces,  and  to  >he  manner  in  which  they  penetrate  the  thick  zoni 
pellucid  a  surrounding  the  eggs. 

The  following  rule  was  found  to  hold  good  :  —  Whenever  tho  sprrmato 
zoa  come  in  contact  with  a  surface  bounding  the  medium  in  which  the; 
are  moving,  they  cling  to  it,  and  they  either  become  fixed  to  it  almos 
at  once  or,  more  usually,  rotate  upon  it.  In  the  latter  case,  if  th 
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Surface  be  regarded  from  the  point  of  view  of  the  spermatozoa,  the  rotation, 
with  rare  individual  exceptions,  is  always  in  the  counter-clockwise 
direction. 

The  rotation  phenomenon  may  be  well  seen  when  a  drop  containing  not 
too  many  spermatozoa  is  placed  upon  an  object-glass  and  examined  under 
the  microscope  with  a  magnification  of  about  300  diameters.  If  the  upper 
surface  of  the  drop  bounded  by  air  be  then  carefully  focussed,  the 
spermatozoa  clinging  to  it  appear  to  the  observer  to  revolve  in  the  clock- 
wise direction,  but  when  the  lower  surface  bounded  by  the  glass  is 
examined  they  are  seen  to  move  in  a  counter-clockwise  direction. 

The  rotation  rule?  was  verified  for  five  species  of  JSchinoiffeaj  and  for 
representatives  of  all  the  other  classes  of  Echinml-nuatti.  The  species 
examined  were  the  following  :  — 

EC'UIXODEISMATA. 
Class  1.-   HOI.OTIIVROIDKA.  Class  3.  —  AftTEltOlDEA. 

IMuthurln  MrHtiti,  D.  Ch.  Atfrritis  glannli*,  O.  F.  M. 

,„         „      _.  Kcli'iHtibl^r  uriHMituiti  Mull.  Tr. 

Class  '2.  -  KmiNoiiiEA. 

....  .  .  .  ,%1  ClflSS    1.  —  Ol'IIlCKOllJEA. 

Lrhtmtn  tnicrtthibrrri  htfn#,  mv.  ^  7  .    ,  ,        .        1     --r   ,,  rr 

.  ,  ;          j.  .     .      *  (//>//  to'jrrum  lomncintitti.  Jlull.  Ir. 

frjt/itt  rcc/intHit  f/i'(tnttf((rin.  -Atr.  ,,  '  ,  .     .     T     ,   i7  4 

,  ,  °  OnhHHiitmna  lacurtota.  Lyman. 

i,  (I  ray.  '       •   '7  '     J 

\  IJrdt.          Class  r>.  —  CKINOII»EA. 

at  Norman. 


It  is  a  somewhat  remarkable  fact  that  rotation  upon  surfaces  in  a 
counter-clocks  ihe  direction  was  also  observed  by  Dewitz  }  for  the  sperma- 
toxoa  of  certain  insects.  lie  believed  that  the  spermatozoa  were  thus 
specially  adapted  for  the  purpose  of  finding  their  way  into  the  micropyles 
of  the  eggs.  Such  an  explanation  could  not,  however,  apply  in  the  case 
of  the  J2r/thuul''nn<ifti.  for  no  niicropyle.s  are  present,  and  the  gelatinous 
zona  pellucida  is  everywhere  penetrable. 

The  spermatozoa  of  the  Echiiioidm  easily  become  attached  to  glass 
and  other  surfaces  by  the  points  of  their  conical  heads  upon  which  they 
often  continue  to  revolve. 

After  becoming  attached  to  the  zona  pellucida  the  spermatozoa  make 
their  way  through  it  in  a  more  or  less  radial  direction.  The  penetration 
from  the  outer  to  the  inner  surface  of  the  zona  pellucida  does  not  depend 
upon  a  chemotactic  stimulus,  for  it  was  fi.uncl  that  the  phenomenon  was 
equally  well  seen  upon  (1)  ripe  eggP,  (-)  eggs  of  full  size  which  had  not 
undergone  maturation,  and  (\\\  e^gs  which  had  been  killed  with  ownic 
acid  and  then  washed.  lV.net  nit  ion  of  the  spermatozoa  into  the  gelatin- 
ising  outer  wall  of  the  oospomn^iuin  of  Ciittforyrn  txtrf>tifii  (one  of  the 
Furittw)  took  place  in  a  striking  manner,  the  jelly  becoming  densely 
crowded.  The  spermatozoa  likewise  collected  in  great  numbers  in  the. 
jelly  from  the  cell-walls  of  seeds  of  Linitin  u&tfitoiinmni,  and  also  in  the 
zona  pellucida  of  fahiintu  eggs  after  long  separation  by  shaking. 

The  entrance  of  the  spei  matozoa  into  gelatinous  substances,  and  also 
their  attachment  by  the  head  to  living  eggs,  is  connected  with  their  power 
of  clinging  and  becoming  attached  to  surfaces  in  general.  The  more  or 


1  Dewitz,  Pjttiger'i  Arckir,  Ittl.  38,  1*8G,  p.  358. 
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less  radial  penetration  of  the  zona  pellucida  is  possibly  due  to  stereotaxis, 
but  a  purely  mechanical  explanation  is  not  excluded. 

Several  writers,  for  instance  Wilson,1  and  especially  Verworn,2  have 
supposed  that  chemotaxis  is  a  constant  factor  in  the  fertilisation  of  animal 
eggs.  This  generalisation,  which  has  been  made  by  arguing  from  the 
attraction  of  spermatozoa  to  the  eggs  of  certain  plants,  is  as  yet  entirely 
without  experimental  justification  as  regards  animals.  From  my  own 
results,  which  agree  with  those  obtained  by  Massart ;t  in  the  case  of  the 
frog,  and  with  the  work  of  Dewitz 4  upon  certain  insects,  I  have  been  led 
to  suppose  that  whereas  contact  phenomena  are  of  great  importance, 
chemotaxis,  at  any  rate  for  a  great  number  of  animal  species,  plays  no 
r6le  whatever  in  bringing  the  spermatozoa  and  eggs  into  contact. 

Before  the  close  of  the  year  I  hope  to  publish  a  full  account  of  my 
work. 

It  gives  me  much  pleasure  to  acknowledge  my  indebtedness  to  the 
Committee  of  the  British  Association  for  the  use  of  the  table,  and  also  to 
the  staff  at  the  Stazione  Zoologica  for  their  kindness  and  courtesy. 


APPENDIX   IT. 

A  Lint  of  Naturalists  who  hare  worked  at  the  Zoological  Station  from 
thv  end  of  June  1900  to  thr  cud  ofJmw  1901. 


Num- 

i 
State  nr  Univrttsitv 

DniiitiDn  of  C)(  cujnuu  y 

ber  on        Naturalist's  Name                  uliost*  TiiM«» 



List 

!        AMIS  nuulc  use  of 

Airi\ul 

Dejmitine      ! 

1183 

Dr.  K.  Itottazzi  . 

Italy 

July    1,1UO() 

(K-t.     T,  1900 

1181 

Dr.  F.  C'apobianco     . 

,,           ... 

„        1,     „ 

DCO  :JK    „    f 

1185 

Prof.  A.  JUts.su  . 

„            ... 

i»       •»•     >t 

j>f<-  iv>,  „  ; 

118(5 

Dr.  V.  Ariola     . 

ll* 

Sept.  30,     ., 

1187 

Prof.  F.  Kuffaele 

U 

Nov.    1,     ,, 

1188 

Dr.  E.  Radl       . 

A  i  iftt  r  La    . 

i.     l^i     i, 

Au^.  13.     „ 

1189 

Dr.  K.  AndK-     .        .  -  Switzerland     . 

M           '^t          „ 

Sept    2,     „ 

1190 

Dr.  D.  Pcdascheiiko  . 

Russia 

n       *0,       ,, 

AU^C.  20,     „ 

1191 

Dr.  P.  Enrique/          .  i  Italy 

•),- 

Deo.    lf     „ 

1192 

Miss  M.  Pasqunlo       .  '      „ 

Aug.    1,     „ 

n     ••*  t     11 

1193 

Dr.  G.  MdzzarHli       .  i      „ 

»»       -i     »» 

Kept.2!»,     „ 

1194 

Dr.  E.  (fermano 

Zoolog.  Station 

1.     11 

Mar     KlJfOl 

1195 

Dr.  A.  Leoutowitsch  . 

liussia 

ft       f't     I, 

AUK-  •')!,     „ 

1196 

Dr.  ¥  Mazza     .        .     Italy 

„     IK     „ 

Sept  15,     „ 

1197 

Dr.  T.  MeiHpnhcimui  . 

Pllissia 

11             «  •*!            It 

Sept  21,  I'.KK) 

11  OK 

Dr.  E.  Crisifulli         .      Italy 

.,             1"',           „ 

1199 

Prof.  W   Apathv           .      Hiinpirv  . 

M           \*.          „ 

„     2S,  liHK) 

1200      Piuf.  F  S.'MoMlicflh      1lal\ 

f)          '-'<',          .. 

1201    i   Prof  (i   Cz'ikoi.         .  '   Austria    . 

,,     "2('t,     ,, 

Oct.  l."i,  1900 

1202 

Proi.  F  Sanfclk'c       .  i  Ital> 

•  i     -N     ., 

Nov.  13,     „ 

1203 

Piof.  P.  Fiancottu     .  '  ISclffhiin  . 

11     «W),     „ 

Ort.  13,     „ 

120* 

Prof.  A.  Pichter        .  .  Hungary  . 

»     HI,     ,, 

Sept  11,     „ 

1205 

Prof.  H.  Bachmann  . 

Switzcrlund 

„     31,     ,1 

Oct.  20,     „ 

120G 

Dr.  W.  Straub    .        .     Saxony    . 

Nov.  -1,     „ 

1  E.  B.  Wilson,  The  Cell  in  Development  and  Jitfwrltance92iu\  edition,  1900, 
p.  19G. 

2  Verworn,  TVii, */•/•%/>,  1895,  p.  425. 

3  Massart,  HulUUnx  de  VAcad.  roy.  ties  Set.  de  Jtclffiqnt;  3r  pfir.,  torn,  xv.,  No.  5, 
1888,  and  torn,  xviii.,  No.  S,  1»8U. 

4  Loc.  cit. 
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Num- 
ber on 
List 

Naturalist's  Name 

State  or  University 
whose  Table 
was  made  use  of 

Duration  of 
Arrival 

Occupancy 
Departure 

1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 

1231 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 

Dr.  F.  Marino    . 
Prof.  0.  Mensch 
Dr.  M.  Henze     . 
Prof.  W.  T.  Porter     . 
Mr.  L.  Doncaster 
Dr.  O.  Cohnheim 
Dr.  G.  Cecconi  . 
Dr.  G.  Mann      . 
Baron  T.  v.  Uexkiill  . 
Dr.  N.  Goronowich    . 
Dr.  A.  Nathansohn    . 
Dr.  von  Dungern 
Dr.  G.  Jatta 
Dr.  G.  Tagliani 
Dr.  V.  Diamare  . 
Dr.  F.  Capobianco     . 
Dr.  M.  Pierantoni 

Italy 
Smithsonian  Table  . 
Zoolog.  Station 
University  Table     . 
Cambridge 
Baden 
Italy 
Oxford     . 
Hesse 
Zoolog.  Station 
Saxony     . 

Sept.  8,1900 

»     11,     i» 
Oct.     1,     „ 
»       6,     „ 
„       7,     „ 
Nov.  21,     „ 
„     26,     „ 
Dec.  15,     „ 
„     17,     „ 
„     22,     „ 
Jan.    1,1901 

M            1,        »> 

Oct.  19,  1900 
Sept.22,     „ 

Nov.  17.  1900 
June  30,  1901 
Apr.  24,     „ 
Feb.    5,     „ 
Jan.  10,    ,, 

Dec,  31,  1900 
Apr.  18,  1901 

Feb.   9,1901 
Apr    4,     „ 
„     26,     „ 
May  23,    „ 

,,     23,     „ 
Apr.  13,     „ 
June   2,    „ 
Apr.  16,     „ 
„     27,     „ 

Zoolog.  Station 
Italy 

»>            1,        ,, 
,»            1>        »» 
1,        » 

>             ... 

»»            •*•»        »> 
„            1,        „ 

Prof.  T.  d'Evant 
Dr.  G.  Rossi 
Prof.  C.  Gioffredi 

,             ... 
,             ... 

.,            1, 
„            1, 
.,        ,    ], 

Miss  Buchanan. 
Dr.  E.  Bresslan  . 
Dr.  M.  Philippson 
Miss  C.  Clapp    . 

Miss  L.  Wallace 
Dr.  E.  Riggenbach    . 
Dr.  H.  Harris     . 
Dr.  H.  Winkler. 
Dr.  H.  Miehe     . 
Dr.  A.  Fischel  . 
Dr.  P.  Rothig    . 
Dr.  O.  Maas 
Dr.  C.  Giinther  . 
Prof.  G.  Karsten 
Dr.  A.  Buller     . 
Stud.  C.  Thesing 
Dr.  M.  Tobler    . 
Miss  C.  Bonnevie 
Prof.  S.  Exuer  . 
Dr.  F.  Kopsch   . 
Dr.  F.  Stevens  . 
Dr.  G.  Mazzaretti 
Prof.  L.  Fredericq     . 
Dr.  R.  Burton  Opitz  . 
Prof.  D.  Carazzi 
Prof.  T.  Vosseler 
Dr.  H.  Kluge     . 
Miss  Fl.  Peebles 

Oxford     . 

„     21, 

Strassburg 
Belgium  . 

Feb.    5, 
„     10, 

American   Women's 
Table 

Switzerland 

„     11, 

„     11, 

„     13, 

JBritish  Association  . 
Wiirtem  berg    . 

i,     21, 
Mar.   4, 
6, 

0, 

,»     16,     „ 

Prussia     . 
Bavaria    . 
Baden      . 
Prussia     . 
British,  Association  . 
Hamburg 
Switzerland 
Zoolog.  Station 
Austria     . 
Prussia 

„       9, 
,,     H, 
„     12, 
»     14, 
„     18, 
,     20, 
,     20, 
,     25, 
,     29, 
,     30, 

Mar.  15,     „ 
May  25,     „ 
Apr.  18,     „ 
„     20,     „ 
„     22,     „ 
Junel2,     ,, 

,,      12,     „ 
Apr.  16,     „ 
„     24,     „ 
„     29,     „ 
«     26,     „ 
„     16,     „ 
June  1,     „ 

June  4,1901 

Smithsonian  Table  . 
Italy 

Apr.    2, 

..       2, 
6, 

University  Table 
Italy 

„     27, 
,>     27, 

Wurtemberg    . 
Russia 
American   Women's 
Table 

May    2, 
June    3, 

„     28, 
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APPENDIX  III. 

A  List  of  Papers  which  were  published  in  the  year  1900  by  the  Naturalists 
who  have  occupied  Tables  in  the  Zoological  Station. 

L'Embriologia  dell'  Aphysia  limacina  L.  Anatomischer 

Anzeiger,  17  Bd.  1900. 

Ricerche  sul  Plankton  del  lago  Fusaro  in  rapporto  con  la 
Ostricoltura.  Boll.  not.  agr.  Minist.  Agric.  Anno  i^2, 
1900. 

•  Furchungs-  un<l  Gewebe- 
.       Archiv  f.  Entvv.  Much. 


D.  Carazzi 

»»  ... 

H.  Herbst 

H.  M.  Vernon 
if 

A.  Romano 
S.  Garten 

R.  C.  Punnet  t 
II.  Winkler     . 

B.  Schroder    . 

V.  Faussek 
G.  Duncker     . 

W.  Lindemann 

A.  Russo 

,,  •         . 

E  Germano    . 

F.  Bottazzi  and  P.  Jfinri- 

quez 
II.  Przibram    . 

C.  K.  Schneider 
Rina  Monti 

E.  S.  Goodrich 


}  • 


Dberdas  \:.M '.:.:.• 

zellen  i:     .   .<••<• 

Roux  9  Bd.  1900. 
Cross-fertilisation  among  Echinoids.      Archiv  f.  Entw. 

Mech.  Roux  9  Bd.  1900. 
Ceitain  Laws  of  Variation.    I.  The  Reaction  of  Developing 

Organisms  to  Environment.  Prcc.  Royal  Society,  vol.  67, 

1900. 
Intorno  alia  natura  ed  alle  ragioni  del  colorito  giallo  del 

centri  nervosi  elettrici.     Anatomi^cher  Anzeiger,  1 7  Bd. 

1900. 
Die  Versinderungen  in  den  Ganglienzellen  des  elektrischen 

Lappens  der  Zitcerrochen  nach    Durchschneidung   der 

aus  ihm  entspringenden  Nerven.      Archiv  f.  Anat.  u. 

Phwol.  Anat.  Abth.  1900. 
On    the    formation  of   the    Pelvic  Plexus,   with  special 

reference  to  the  nervus  collector  in  the  genus  Mustelus. 

Phil.  Trans.  Royal  Society,  London,  vol.  192,  1900. 
Uber  die  Furrhung  unbefruchteter  Eier  untcr  der  Einwir- 

kung  \on  Extnitivstoffen  aus  dem  Sperma.     Nachr.  k. 

Ges   Wi^s  Gottingen,  1900. 
Das    Phytoplaiikton   des   Golfes   von  Ncapel,  nebst  ver- 

gleichenden  Ausblicken  auf  das  des  atlantischen  Oceans. 

Mittli  Z.  Station,  vol.  14,  1900. 
UnterMichungen  iiber  die  Entwickclung  der  Ccphalopodun 

Mitth  Z.  Station,  vol.  14,  1900. 
Biologische   Beobuchtungen  an  Lophohranchiern.     A.bh. 

aus  d.  Gcb.  dor  Naturw.     Vereiri   Hamburg,    16    Bd. 

1900. 
Ubor  die  \Virkunp:  des  Phosphors  und  des  Pulegons  auf 

die  Ccplialnpodcri       Beitrage  path.    Anat.    u     Pathol. 

Ziegler,  27  Bd.  1900. 
Uramic  bei  Cephalopoden.     Ibid.  1900. 
SulT  aggruppamento  dei   pnrni   eleraenli    sessuali   nolle 

larve  di  Antedon  rosacea.     Rend.  Accad.  Lincei,  vol.  9, 

1900. 
Sulla  funzione  renale  dell'  organo  genitalc  dolle  Oloturie 

(sunto).     Rendic.  1  Assemblea  Unione  Zoologica  Ital. 

Bologna,  1900. 
La  Tuberculosi  spcriraentale  nei   Pcsci.     Aite   rnedica, 

Anno  II.  1900. 
Sulle  propriety  osmotiche  delle  glandole  sahvari  posteriori 

dell'  Octopus  macropus.     Milano,  1900. 
Experiraentelle    Studien    iiber    Regeneration.      Biolog. 

Centralblatt,  20  Bd.  1900. 
Mittheilungen  iiber  Siphonophoren   Nesselzellen.      Arb. 

Z.  Inst  Wien,  12  Bd.  1900. 
La  Rigenerazione  nelle  Planarie  marine.  Meinorie  Istituto 

Lorubardo  Scienze  e  Letterc,  vol.  19,  III.  1900. 
On  the  Nephridia  of  the  Polychajta.    Part  III.    Quart. 

Journ.  Micr.  Sc.,  vol.  43,  1900. 
Observations  on  Syllis  vivipara  Krohn.    Journal  Linnean 

Society,  vol.  28, 1900. 
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0.  Carlgren    . 


D.  M.  Mottier. 

T.  H.  Morgan  and  P.  A. 

Hazen. 
Florence  Peebles    . 

H.  Jordan 
F.  15.  Simmer . 

F.  llaffaele     . 
R.  Hetse 

S.  Metalnikoff 
K.  S.  Bergh     . 

K.  Cristafulli  . 


0  v.  Fih th      . 

T.  v.  Vxkiill    . 

F.  S.  Montiiiclli  and  S. 
I<o  Bianco 

K.  Wei n land  . 
A.  liurgert 


liber  die  Einwirkung  des  constanten  galvanischen  Stroines 

auf  niedere  Organismen.    Archiv  f.  Anat.  und  Phys., 

i'hys.  Abth.,  1900. 
Zur  Kenntniss  der  stichodactylincn    Actinarien.      Ofv. 

Kong.  Vetensk.  Akad.  Forh.,  1900. 
Nucl  jar  and  ('ell  Division  in  Dictyota  dichotoma.    Annals 

of  Botany,  vol.  14,1900. 
The  Gastrulation  of  Amphioxus  (partial).    Journal  of 

Morphology,  vol  10,  1900. 
Experiments  in  regeneration  and  in  grafting  of  Hydrozoa. 

Archiv  f.  Entw.  Mcchanik  Koux,  10  Bd.  1900  (partiw). 
ij..-    1Y    .V-.,r^  i.;    v.   Cello'idin    in    Mischuug    nrit 

•     i.  •:.'  .-./•  '      '/.-  •  -chr.  f  wisa.  Mikros.    17  lid.  1900. 
Kupfer's  Vesicle  and  its  Relation  to  Gastrulation  and 

Concrescence  (ptirtim).     3dem.  N.   Y.   Aoad.  of  Sc., 

vol.  2,  1900. 
Per  la  Genesi  dei  Nervi  da  Catene  cellular!  (partlm). 

Anat.  Anzeigor,  18  Bd.  1900. 
Untcibnchungen  iiber  die  Organe  der  Lichtempfiodung 

bi'i  niederen  Tieren.    IV.  Die  Augen  einiger  Mollusken. 

Zeitsclir.  w.  Zool.  18  Bd.  1900 
Sipunculus  nudus.     Zoit.  \viss.  f<ool.  48  I»d.  1900. 
Britriigp  zur  vorgleiclienden   Hihtologie.     II.  I'bor  don 

Bau  di-r  (iof;isse  bci  den  Anneli<ien,  2.     Mittheilung 

Anatoin.  Hcfte  Merkel,  15  Bd.  1900. 
Ki<*cTche  sperimcntali  sulla  Fisio-patologiadel  Cervelletto. 

Hi  form  a  medica,  Anno  !(>,  1900. 
Sulle  Altemzioni  secondarie  del  Citoplasma  nervoso.  Giorn. 

Assoc.  Napol.  Med.  Nat.  Anno  X.  1900. 
(*bor  den  iStoff\*echsc»l  di*r  Cophalopoden.    Zeitschr.  f. 

phys.  Chnmic.     SI  Bd.  1900. 
C'ber  die  Eiwoisskorpor  der  Kaltbliitermuskeln  und  ibre 

Boziebuu^  zur  \\Ymnestarre.     Ibid.  31  Bd.  1900. 
Die  Wirkung  von  Licbt  und  Schatten  auf  die  Sueigcl. 

Xcitsclir.  f.  Biologio,  40  Bd.  1900. 
Sullo   sviluppo   doi   Peneidi   del   Golfo  di  X;ipoli  (note 

riassuntive).     Kcndic    1  Asseinblea  Uniono  Zool.  Ital. 

Bolognn,  1900. 
I'biT  das  Auf  tret  on   zweicr  verscbiedenon   Ycrdauunps*- 

scrreti1  iin  Mii^i'ii  ik-r  Horbon.     Sitz.  Her.  Ges.   Morpli. 

11.  Pb>s.  Miinclien.     1C  Bd.  19(H). 
Untersnchungcn   U!HT  diti   Fortpilanzung  der  tripyleon 

Kadiolarien,   spcvioll     von    Aulacantba    seolymanthn. 

Zool.  Jahrb.  Abth.  Anat.  und  Ontog.     1 1  Bd  i'JOO 
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A  List  nf  th?  Publications  nfthe  Zoolotjiwl  Station  iltiriiiy  thf  ? 

w  fto',  1001, 


1.  •  Kauna  und  Flora  dos  Golfos.  von  Noapel.'    P.  Fnlkcnberg,  Kbodoniclaceen, 
770  pp,  with  21  plates 

2.  •  Mittheilungcn  ausder  yoologiscben  Station  zu  Xeapol.1  Vol.xiv.  paits  3  and  4, 
with  8  plates. 

:J.  «  Xoologischer  Jahroslwricht*  for  1S99. 

•1.  '  Guide  to  the  Aquarium.'    A  new  English  edition  is  being  prepared. 


862  REPORT— 1901. 

bulex  Animcdiwn. — Report  of  the  Committee,  consisting  of  Dr.  HENRY 
WOODWARD  (Chairman),  Mr.  W.  E.  HOYLE,  Mr.  It.  MCLACHLAN, 
Dr.  P.  L.  SCLATER,  llev.  T.  It.  11.  STEBBING,  and  Dr.  Jb\  A.  BATHER 
(Secretary). 

THE  Committee  has  the  honour  to  report  that  during  the  last  year  the 
whole  of  the  entries  covering  the  period  from  17^8-1800  have  been 
arranged,  sorted,  the  duplicate  entries  eliminated,  and  the  remainder — 
about  62,000 — got  ready  for  press.  Of  these  perhaps  some  6,000  are 
duplicates,  but  owing  to  the  loose  methods  of  authors  the  compiler 
cannot  decide,  and  it  has  been  thought  better  to  include  them,  leaving  it 
to  the  specialist  to  reject  such  duplicates  rather  than  to  run  the  risk  of 
omitting  a  possibly  important  entry.  Negotiations  entered  into  with  the 
Cambridge  University  Press  have  ended  in  a  satisfactory  manner,  and 
the  work  of  printing  this  iirst  part  of  the  Index  was  begun  at  the  end  of 
May  1901.  The  work  will  take  about  twenty  months  to  go  through  the 
press,  will  comprise  some  1 ,000  pages,  and  will  be  provided  with  an  index 
to  the  trivial  names  under  genera,  the  same  slips  as  are  used  for  the  main 
work  being  re-sorted  under  genera  as  fast  as  they  come  oft'  the  press.  This 
method  has  been  adopted  for  several  reasons,  c.y.,  the  great  expenditure 
of  time  if  a  copy  of  all  the  slips  were  made,  and  tho  fact  that  those  who 
desire  to  know  what  trivial  names  are  included  under  a  genus  can  as 
easily  refer  to  the  end  as  to  the  body  of  the  book. 

A  complete  list  of  works  consulted  has  been  prepared,  and  Avill  be 
printed  :  this  will  be  annotated  throughout  with  bibliographic  notes  as  to 
dates  and  contents,  and  should  prove  of  considerable  value  to  librarians 
and  others  as  regards  the  rarer  literature.  It  is  gratifying  to  be  able  to 
report  that  very  few  publications  have  eluded  the  search  of  the  compiler, 
but  these  Mr.  C.  Davies  Sherborn  does  not  regard  as  likely  to  be  of 
importance.  They  may  possibly  contain  a  few  specific  names,  but  it  is 
hardly  probable. 

TJie  indexing  of  1801  1900  continues,  and  will  proceed  more  rapidly 
now  the  early  MS.  is  out  of  hand.  It  is  hoped  that  the  finished  work, 
when  it  appears,  will  fully  justify  both  the  time  spent  upon  it  and  the 
generous  support  received  from  the  1'ritish  Association,  the  Royal  Society, 
and  the  Zoological  Society,  and  that  the  Committee  will  have  placed  at 
its  disposal  an  even  more  liberal  support  in  the  future.  It  must  be 
remembered  that  up  to  the  present  e/very  entry,  and  every  portion  of  the 
purely  mechanical  part  of  the  work,  has  been  done  by  Mr.  Sherborn,  and 
that  many  months  of  his  time  could  have  been  sa\ed  for  the  more 
important  labour  of  recording  luul  the  Committee  been  able  to  pay  for 
the  assistance  of  even  a  boy  to  do  the  sorting,  alphabetical  arrangement, 
and  numbering  of  the  slips.  However,  as  it  is,  we  have  now  the  results 
of  the  labours  of  one  man,  and  the  Committee  regards  this  as  showing  in 
a  most  satisfactory  manner  the  definite  plan  of  the  proposer  and  compiler 
of  this  colossal  undertaking. 

The  Committee  earnestly  requests  its  reappointment.  with  a  grant 
ofiOOJ. 
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Coml  Reefs  of  the  Indian  Regions. — Second  Report  of  the  Ccmmitiee, 
consixtiiuj  of  Mr.  A.  SKDUWICK  (Chairman),  Mr.  J.  GRAHAM  KKRR 
(Nttmtary),  Professor  3.  W.  JuDD,  Air.  J.  J.  LISTER,  and  Dr.  S.  P. 
HARMER,  n jointed  to  investigate  the  Struct  tire,  Formation,  and 
(jrotrth  of  the  ('oral  Reefs  of  the  Iwlian  Region. 

TUB  Committee  have  received  the  following  report  from  Mr.  J.  Stanley 
Gardiner  :  — 

During  the  greater  part  of  the  year  1  have  been  engaged  single- 
handed  in  sorting  and  properly  labelling  the  marine  collections  from  the 
Laccadive  and  Maldive  Archipelagoes.  This  is  now  completed,  and 
they  are  divided  into  groups,  each  with  our  notes  as  to  localities, 
depths,  itc. 

For  more  than  thirty  of  the  groups  J  have  been  promised  the  services 
of  A  arious  zoologists  in  this  country.  About  half  of  these  have  already 
received  their  collections,  and  1  hope  to  forward  the  remainder  shortly. 
J  have,  up  to  the  present,  received  reports  from  Mr.  P.  Cameron 
(Ilymenoptera,  L}r>  species,  ]ti  new),  Mr.  R.  C.  Punriett  (Nemerteans, 
12  species,  0  new),  Mr.  Kd.  Aleyrick  ( Lepidoptera,  GO  species,  4  new), 
Mr.  F.  F.  Lnidlaw  (Keptilia),  anil  Mr.  Oldiicld  Thomas  (Mammalia).  In 
addition,  Mr.  Uorradailo  h;is  sent  me  a  complete  memoir  on  the  Land 
Crustaceans,  and  1  have,  prepared  a  great  part  of  my  report  on  the  struc- 
ture, formation,  and  growth  of  the  reefs.  The  land  ilora  of  the  group 
has  now  been  worked  out,  «-md  a  complete  report  on  it  will  shortly  be 
published  by  Mr.  J.  C.  Willis  and  myself  in  the  'Journal  '  of  the  Pere- 
deniya  (lardens,  CVylon. 

The  collections  so  far  seem  to  justify  the  conclusions,  drawn  in  my 
last  report,  as  to  their  completeness.  Dr.  David  Sharp,  who  has  taken 
charge  of  the  insect  collections,  has  expressed  considerable  satisfaction 
both  as  to  their  exhaustiveness  and  state  of  prcsenation,  and  Professor 
I  Vickson  writes  as  follows  :  *  There  is  quite  enough  to  show  the  general 
character  of  the  shallow  water  fauna  (Alcyonaria,  0  f>0  fathoms),  and  it 
is  not  probable  that  many  new  species  will  be  found  in  this  region  after 
the  collection  has  been  worked  out.' 

Publication,  in  view  of  the  largo  number  of  new  species,  is  an  extremely 
difficult  matter,  especially  as  it  seems  very  desirable  that  the  reports 
should  be  kept  together.  I  may  draw  attention  to  the  general  opinion 
expressed  at  the  International  Congress  of  Zoology  (189S)  as  to  the 
desirability  of  properly  illustrating  new  species  wherever  possibles  The 
University  Press  (Cambridge)  have  undertaken  the  publication  in  a 
series  ot  eight  quarto  parts,  t-uch  of  about  120  pages,  on  the  condition 
that  they  nr«  not  called  upon  to  expend  more  than  20U/.  on  illustrating 
the  work.  It  is  calculated  that  at  least  seventy  plates  and  lf)0  text-figures 
would  be  required  to  adequately  illustrate  the  fauna  and  geography. 
These  cannot  be  prepared  in  a  suitable  manner  fo*1  less  than  450/.,  and  I 
would  ask  your  assistance  towards  the  additional  2f>0/.  required. 

The  Committee  seek  reappointuient. 
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Bird  Migration  in  Great  Britain  and  Ireland. — Fourth  Interim  Report 
of  the  Committee,  consisting  of  Professor  NEWTON  (Chairman), 
llev.  E.  P.  Km'BLEY  (Secretary),  Mr.  JOHN  A.  HAUVIE-BKCMVN, 
Mr.  K.  M.  BARRINGTON,  and  Mr.  A.  H.  HVANS,  appointed  to  work 
out  the  details  of  the  Ohscr  rations  of  Migration  of  ltird$  at  J/Mfht- 
houxes  and  Lightships,  J  880-87. 

YOUR  Committee  lias  again  great  pleasure  in  reporting  that  Mr.  William 
Eagle  Clarke  has  been  continuing  his  invaluable  services,  and  the  sub- 
joined statement  received  from  him,  together  with  a  Summary  of  Observa- 
tions in  reference  to  the  Migrations  of  the  Skylark  (Alamla  (trvenntn)  and 
the  Swallow  (Hirundo  rustica) — the  former  being  of  an  extremely  com- 
plicated nature — shows  the  results  of  an  enormous  amount  of  labour, 
wrought  out  with  proportionate  skill,  of  which  your  Committee  desires 
to  express  its  most  grateful  admiration. 

A  serious  deficiency  of  data  in  regard  to  the  migrations  of  some  other 
species  ou  the  south  coast  of  England  has  become  apparent,  and,  at  the 
suggestion  of  Mr.  Clarke,  application  was  made  to  the  authorities  of  the 
Trinity  House  to  permit  a  renewal  of  observations  at  the  Lighthouses  and 
Lightships  along  that  coast.  The  consent  of  the  Elder  Brethren  having 
been  most  courteously  given,  and  the  cost  defrayed  from  private  sources, 
the  necessary  schedules  have  been  forwarded  to  the  several  stations. 
Your  Committee  is  aware  that  in  thus  acting  it  may  have  exceeded  its 
duties  according  to  the  strict  terms  of  its  appointment,  but  trusts  that,  in 
the  circumstances,  the  transgression  (if  it  be  so  regarded)  will  he  pardoned, 
•eeing  that  its  object  was  to  supply  a  void  left  through  inadvertence  by 
the  older  Migration  of  Birds  Committee  ;  that  it  introduced  no  new 
principle  ;  and,  moi  cover,  that  otherwise  a  whole  year  would  have  been 
lost. 

On  two  previous  occasions  your  Committee  has  referred  to  the  private 
labours  of  one  of  its  members  (Mr.  Barrington)  in  regard  to  observations 
at  the  Irish  Lights.  These  have  now  been  published  in  e.*'fr'/wo,  forming 
a  volume  1  which  is  perhaps  the  most  monumental  contribution  to  the 
literature  of  Bird  Migration  ever  issued  ;  while  its  appendix,  giving  the 
precise  wing- measurements  of  so  many  specimens,  is,  apart  from  the  subject 
it  especially  illustrates,  a  matter  of  importance  for  the  student  of  varia- 
tion. Thanks,  too,  to  that  gentleman's  exertions,  the  work  has  the 
additional  merit  of  containing  the  results  of  ten  years  more  than  the 
period  covered  by  the  inquiry  carried  on  by  the  Association's  fonner 
Committee  ;  a  fact  which  enormously  enhances  the  value  of  the  Irish 
records. 

Without  pledging  itself  to  a  positive  assurance  in  the  matter,  your 
Committee  hopes  that,  if  reappointed,  as  it  desires  to  be,  it  will,  in  the 
course  of  two  years  more,  bring  to  a  conclusion  the  work  with  which  it 
has  been  charged,  so  far  as  being  able  to  give  a  summary  of  the  movements 

1  The  Migration  of  Birds  as  observed  at  Irish  Lighthouses  and  Liulitsliips.  includ- 
ing the  original  Reports  from  1888-97,  now  published  for  the  first  time,  and  an 
analysis  of  them  and  of  the  previously  published  Koports  from  1881-87,  together  with 
an  appendix  giving  the  measurements  of  about  1,600  wings.  By  Richard  M.  Barring- 
ton,  M.A.,  LL.B,,  F.L.S.  London  and  Dublin  :  [1 890]  (pp.  xxvi  +  285  +  667). 
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of  the  most  representative  species  of  migrants.  The  Song-Thrush, 
White  Wagtail,  Skylark,  and  Swallow  being  now  done,  it  is  proposed  to 
invite  Mr.  Clarke's  attention  to  a  like  treatment  of  the  Starling,  Rook, 
Lapwing,  and  soino  others,  which  will  presumably  present  no  little 
divergence  iu  the  character  of  their  migrations. 

Thus  your  Committee  respectfully  repeats  its  request  for  reappoint- 
ment,  and,  if  possible,  with  an  increased  grant  of  money. 


fut  made  to  flc  Committee. 
By  WM.  EAC;LI:  CLARKE. 

During  the  past  year  I  have  devoted  much  time  to  the  study  of  the 
seasonal  movements  of  a  number  of  our  birds,  and  I  present  herewith,  for 
the  consideration  of  the  Committee,  histories  of  the  various  migrations 
performed  annually  within  the  .British  area  by  the  Skylark  and  the 
Swallow. 

The  preparation  of  these  complete  and  particular  accounts  has  proved 
to  be  a  laborious  and  difficult  undertaking,  since  a  number  of  the 
movements  to  be  treated  of  are  so  intricately  interwoven  with  or  so 
insensibly  merge  into  each  other,  or  are  performed  under  such  obscure 
conditions,  as  to  render  their  discrimination  and  interpretation  matters 
demanding  most  careful  consideration. 

The  following  accounts  of  the  migrations  of  the  Skylark  and  the 
Swallow  are  in  the  main  based  upon  the  data  obtained  at  the  Light- 
stations  and  elsewhere,  during  the  years  18SO-87  ;  but  other  sources  of 
information  have  been  consulted,  including  the  Scottish  Migration 
Reports  for  1JS9:2-HK)0  of  Messrs.  Hinxman  and  Laidlaw,  and  the 
Irish  Reports  for  1888  97  of  Mr.  Harrington. 

It  is  my  pleasing  duty  to  acknowledge  the  assistance  I  have  received 
from  Professor  Collet  t,  of  Christiania,  who  has  ino>t  obligingly  furnished 
me  with  useful  notes  relating  to  the  movements  of  birds  in  Southern 
Norway  ;  and  from  Herr  Kmul  Andersen,  of  Copenhagen,  who  has  given 
me  much  valuable  information  on  the  migratory  birds  observed  in  the 
Fie  roe  Islands. 


THE  MIGRATIONS  OF  THE  SKYLARK  (Alauda  ar 

In  the  British  Islands  the  Skylark  i.s  not  only  one,  of  the  be^t  known 
species,  but  also  one,  which  can  be  almost  always  met  with,  so  that  com- 
paratively few  people  suspect  the  extent  to  which  it  is  migratory,  and 
fewer  still  are  aware  of  the  complexity  of  its  migrations,  which  present 
problems  more  difficult  to  solve  than  those  of  any  other  British  bird  ; 
yet.  this  is  undoubtedly  the  case. 

As  a  migrant,  no  species  makes  so  groat  a  show  in  the  returns  of  the 
several  Light-stations,  and  the.  account  which  follows  is  based  upon 
upwards  of  four  thousand  individual  records.  Yet  within  the  British 
area  the  Skylark  is  for  the  most  part  Resident  as  a  species,  though 
shifting  its  quarters  when  affected  by  frost  or  snow,  as  is  obvious  to 
almost  any  observer.  The  degree  to  which  our  native  Skylarks  are  migra- 
tory depends  on  the  varying  conditions  of  climate  and  food.  In  the 
lowlands  of  Great  Britain,  especially  in  the  south-  west  of  England  and 
throughout  Ireland  generally,  the  migratory  habit  is  less  exercised,  pre- 
sumably because  it  is  less  necessary  there  than  elsewhere.  On  the  other 
hand  there  are  considerable  tracts  which,  from  their  elevated,  exposed,  or 
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northerly  situation,  are  not  suited  for  winter  residence,  and  to  those 
the  Skylark  is  merely  a  Summer  Visitor,  as  it  is  to  nearly  the  whole  of 
Northern  and  a  great  part  of  Central  Europe,  departing  after  the 
breeding  season  to  its  accustomed  winter  quarters.  During  its  journeyings 
to  the  south  and  west  in  the  fall  of  the  year,  and  again  on  its  return  in 
spring,  the  Skylark  appears  in  vast  numbers  on  our  coasts  as  a  Bird  of 
Passage,  while,  owing  to  their  intermediate  geographical  position  and 
their  milder  climate,  the  British  Islands  are  much  resorted  to  by  the 
Continental  Skylark  as  a  Winter  Visitant.1 

The  various  migrations  of  the  species  may  1x3  conveniently  separated 
and  arranged  as  follows,  beginning  with  the  autumnal  movements  ;  and 
when  it  is  considered  that  several  of  these  movements  are  often  simul- 
taneously in  progress,  some  idea  of  their  complexity  and  the  extreme 
difficulty  of  their  interpretation  may  be  realised  :  — 

1.  Autumn    Emigration    of    Summer   Visitants,  with  their  offspring, 
-i.e.,  home-breeding  and  home-bred  birds. 

2.  Autumn  Immigration  of  Winter  Visitants  from  Central  Europe. 

3.  Autumn  Immigration  of  Winter  Visitants  from  Northern  Europe. 

4.  Autumn  Passage  from  Central  to  Southern  Europe  along  the  British 
coast. 

5.  Autumn  Passage    from  Northern    to    Southern  Europe  along  the 
British  coast. 

6.  Winter    Emigration    from,    and     Partial    Migration    within,    the 
British  Islands. 

7.  Spring  Immigration  of  Summer  Visitants,   and  return  of  Winter 
Emigrants. 

8.  Spring  Emigration  to  Central  Europe  from  the  British  Isles. 

0.  Spring  Emigration  to  Northern  Europe  from  the  British  Isles. 

10.  Spring  Passage  from  Southern  to  Central  and  Northern  Kurope 
along  the  British  coast. 

But  even  this  is  not  all,  for  the  movements  which  take  place  between 
Great  Britain  and  Ireland,  as  well  as  between  Groat  Britain  and  the 
Hebrides  and  Northern  Islands,  have  also  to  be  considered. 

1.  Autumn  Emigration  of  Home-bred  7/m/s1.-    Towards  the  close  of 
the  nesting  season  an  increased  number  of  Skylarks  is  observable  in  the 
lowlands,  particularly  near  the   coast  ;  a  fact  due,   no   doubt,   to  migra- 
tion  from  the  higher  grounds,  to  which   the  species  is  only  a  summer 
visitor.     So  early  as  July  in  some  years  there  are  a  few  records  from  the 
Light-stations  showing  that  departure  has  already  commenced,  but  these 
early  Sittings  must  be  regarded  as  exceptional.'2     During  August  there 
are  usually  a  few  signs  of  emigration,  and  towards  the  end  of  that  month 
there  is  evidence  that  it  has  fully  set  in.     These  late  August  movements 

1  No  unfailing1  distinction  between  British  and  foreign  Skylarks  has  hitherto  been 
recognised  by  ornithologists  generally.  In  attempting  to  di;i\v  one  here,  the  writer 
has  chiefly  relied  upon  what  can,  with  more  or  le«s  probability,  be  presumed  as  to 
the  origin  of  the  particular  flocks  from  connecting  the  different  observations  of  them 
whereby  their  course  may  be  traced. 

-  The  most  remarkable  instance  of  this  kind  occur  reel  on  the  night  of  July  'Jo, 
1881,  when  a  urreat  number  of  {Skylarks  appeared  at  the  Leman  and  Owcr  Light>hip| 
off  the  Norfolk  coast,  and  sixty  were  killed  by  striking  the  Inntern,  nml  at  tlicj  same 
time  ffty  were  killed  at  the  Dudgeon,  a  neighbouring  Lightship.  The  weather  wa« 
wet,  changeable,  and  cold  for  the  time  of  year. 
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include  departures  from  the  Hebrides  and  other  western  isles,  as  witnessed 
by  birds  observed  at  or  killed  against  the  lanterns  of  Skerry vore  and 
Dhuheartach,  but  there  is  no  appearance  of  any  emigration  from  Ireland 
in  this  month,  which  is  a  rather  remarkable  and  significant  fact. 
Throughout  September  the  emigration  is  much  more  evident  on  both 
eastern  and  western  coasts,  the  Hebrides  contributing  largely  to  the 
latter.  In  some  seasons  a  marked  migration  is  recorded  from  Shet- 
land,1 where  the  species  is  chiefly  a  summer  visitant.  In  Ireland,  too, 
there  is  evidence  from  the  south-eastern  stations  that  the  exodus  has 
begun.  Towards  the  end  of  the  month  the  movement  is  more  marked, 
especially  in  unsettled  weather,  when  Skylarks  are  recorded  as  emigrating 
by  night  in  company  with  Thrushes,  Blackbirds,  King-ousels,  Wheatears. 
ChiffchafFs,  Whitethroats,  Wagtails,  and  other  birds.  As  the  season 
advances  emigration  is  naturally  quickened  until  the  early  days  of 
November,  when  this  movement  ceases  to  be  observed.  In  some  years  a 
foretaste  of  winter,  in  others  periods  of  exceptionally  unsettled  weather 
cause  pronounced  '  rushes  '  southward.'2 

During  the  autumn  Skylarks  gradually  draw  towards  the  coast,  on 
reaching  which  they  pass  southwards  in  straggling  parties.  On  some 
days  a  succession  of  bands  may  be  seen  following  each  other  throughout 
the  whole  day,  and  in  September  and  October,  if  the  weather  be  fine  with 
light  winds,  such  bands  may  be  observed  for  days  together  without  a 
break.  This  coasting  movement  is  chiefly,  if  not  entirely,  performed  by 
day  ;  but  it  is  otherwise  when  a  considerable  expanse  of  sea  is  to  be 
crossed,  as  from  Shetland,  the  Hebrides,  or  Ireland,  and  then  their 
migration  as  a  rule  is  undertaken  by  night.  The  journey  is  continued 
along  both  coasts  of  Great  Britain  until  the  southern  and  particularly 
the  south-western  counties  are  readied,  many  of  the  east-coast  migrants 
passing  along  the  south  coast  westward.  Probably,  only  a  portion  of  the 
Skylarks,  which  move  during  the  early  autumn,  quit  our  shores,  many 
no  doubt  tarrying  on  the,  south  or  south-western  coast.  Others,  how- 
ever, certainly  depart  for  the  Continent,  crossing  the  Channel  chiefly 
at  night  together  with  birds  of  many  other  species  ;  but  I  myself  in  passing 
between  Newhaven  and  Dieppe  in  September  hive  observed  small  parties 
of  Skylarks  in  mid-channel  making  for  the  French  coast  during  the  day- 
time. 

1?.  A  utumn  Immigration  from  Cnntnil  Europr*  —This  movement  is  the 
most  interesting  and  remarkable  performance  of  the  Skylark,  or  perhaps 
of  any  other  British  species,  as  it  affords  a  striking  instance  of  the  phe- 
nomenon of  birds  proceeding  westward,  and  possibly  northward,  from 
their  breeding  grounds  to  reach  their  winter  quarters,  and  this  in  vast 
numbers  for  several  successive  weeks,  with  scarcely  a  break.  In  some 
seasons  this  Immigration --which  may  be  called  especially  the  Skylarks' 
route,  since  they  not  only  greatly  outnumber  the  birds  of  any  other 

1  The  date  of  the  first  movement  from  Shot  land  varies  aceording  to  the  nature 
of  the  season.     In   1SS2  it  was  observed  as  early  as  September   15,  and    in   18SG  on 
{September  23.     The  autumn  emigration  thenrr  does  not  usually  begin  until  October. 

2  Then*  can  be  little  doubt  that  during  October  and  November  the  emigration  of 
our  home-bred  Skylarks  merges  to  some  extent  with  the  Passage  movement  from 
Northern  to  Southern  Europe  then  in  progiess  along  our  coasts. 

3  Evidence  accumulated  since  the  presentation  of  the  -Digest  of  Observations' 
(lltp*  lint.  AsMc.t  189(5,  p.  450)  confirms  the  reasons  therein  stated  for  considering 
Western  Central  Europe  one  of  the  areas  whence  Skylarks  and  certain  other  birds 
emigrate  to  the  British  Islands. 
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species  using  it,  but  probably  the  whole  aggregate — sets  in  as  early  as  the 
middle  of  September,  but  more  commonly  about  the  fourth  week  of  that 
month.  On  reaching  our  coast  the  majority  of  the  immigrants  move 
along  it  southward,  and  then  westerly  to  the  Land's  End,  some  crossing 
the  Channel  at  various  points  to  the  French  coast,  while  others  seem  to 
continue  westward  or  northward  to  Ireland,  appearing  on  the  coast  of 
Wexford  at  dates  varying  from  the  middle  to  the  end  of  the  month,  but 
having  relation  to  those  of  their  arrival  on  the  east  coast  of  England.  A 
considerable  number  of  the  Immigrants,  however,  on  their  arrival  in 
England  proceed  inland,  and  disperse  over  the  eastern,  southern,  and  mid- 
land counties.  It  is  in  October,  however,  that  this  stream  of  immigra- 
tion becomes  phenomenal.  It  then  has  the  coast  of  Suffolk  for  its  centre, 
with  its  right  wing  extending  to  the  Humber,  or  even  to  or  beyond  the 
Tees  ;  while  the  left,  to  some  extent  reinforced  by  birds  of  British  origin, 
sweeps  along  the  south  coast  to  Devon  and  Cornwall,  and,  as  in  September, 
to  Ireland.  The  winter  visitants  among  these  October  immigrants  pass 
inland  by  several  routes  ;  a  good  many  proceed  up  the  Thames  and 
Humber  estuaries.  Some  idea  of  the  magnitude  of  this  influx  may  bo 
gathered  from  this  table,  showing  the  number  of  days  during  October 
on  which  it  was  observed  in  each  of  the  years  : 

1880.  22  days          j          18^3.      !)  day*          |          issfi.     23  days 

1881.  12     „  1HS4     19     „  |  1S87.1    2G     „ 

1882.  14     „  I          18H5     21     „  | 

After  October  this  Immigration  falls  off.  The  November  movements  vary 
according  to  the  weather,  but  are  never  of  great  moment  after  the  first 
few  days  of  the  inpnth,  when  in  most  years  they  practically  cease.  In 
November  1883  and  1886  no  east- to- west  movements  were  recorded. 

It  is  characteristic  of  this  immigration  that  the  passage  across  the 
North  Sea  is  invariably  witnessed  during  the  daytime,  usually  from  dawn 
to  noon,  but  not  unfrequently  prolonged  till  3  P.M.,  and  the  birds  con- 
cerned in  it  are  actually  crossing  the  line  of  flight  taken  by  the  home- 
bred birds  which  are  then  emigrating  ;  a  very  remarkable  but  not  very 
uncommon  occurrence  in  October.  Other  species  crossing  the  North  Sea 
at  this  time  in  company  with  the  Skylarks  are  Starlings,  Titlarks, 
Chaffinches,  Linnets,  Blackbirds,  and  Rooks. 

3.  Autumn  Immigration  from  Northern  Europe. — Great  numbers  of 
Skylarks  which  summer  in  Scandinavia,-  seek  our  shores  in  autumn,  their 
first  arrival  during  the  years  1N80-S7  being  remarkably  constant  (October 
4  to  8),  when  the  birds  appear  in  Shetland,  Orkney,  on  the  east  coast 
of  Scotland  and  north-east  coast  of  England,  during  the  night  or  early  in 
the  morning,  in  company  with  Thrushes,  Redwings,  Blackbirds,  Ring- 
ousels,  Goldcrests,  Chaffinches,  Bramblings,  and  other  species  brooding  in 
the  north.  These  arrivals  continue,  at  intervals,  during  October,  and 
the  Skylark  participates  largely  in  those  remarkable  movements  which 
characterise  the  latter  part  of  the  month.  These  vast  outpourings  seem 
to  exhaust  the  emigration  from  Northern  Europe,  for  it  was  only  during 
two  years  (1883  and  1884)  of  the  inquiry  that  considerable  arrivals  from 

1  Many  recorded  on  October  0,  20,  21,  23,  and  27 ;  vast  numbers  on  October  16 
to  18,  again  on  22,  25,  and  26. 

2  Professor  Collett  says  (Overs! (ft  (if  Chrixtiania  Omegnx  ornitlwlogiske  Fauna, 
p.  128)  that  Alauda  arvensu  is  seldom  seen  in  the  Christiania  district  after  the 
middle  of  October. 
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the  north  are  recorded  for  November,  carrying  the  extreme  limit  of  the 
period  covered  by  this  movement  of  the  Skylark  down  to  the  15th  of  that 
month.  Thus  tho  autumnal  immigration  from  the  north,  vast  as  it  is,  is 
compressed,  as  it  were,  into  the  period  of  little  more  than  four  weeks. 
The  majority  of  these  northern  skylarks  seem  to  disperse  themselves  over 
our  islands,  some  of  them  reaching  the  Hebrides,  and  replace  the  home- 
bred birds  which  have  already  quitted  their  summer  haunts.  A  great 
many  seek  Ireland,  either  by  direct  passage  from  the  south-west  of  Scot- 
land or  by  way  of  the  Tsle  of  Man,  while  some  may  pass  from  the  Welsh 
coast  to  the  shores  of  Dublin  and  Wicklow. 

4   and   T>.   Autumn  Pattaayv  from    Central    and    Northern   JStiro^p    to 
tiouthp.rn   Eurojtr  rtlon«  the.  Jiritish  Coast.    -These  movements  are  much 
involved  with  the  inmiigratory  movements  from  the  north  and  east,  and. 
to  a  lesser  degree,  with  the  British  emigratory  movements  already  treated 
of.     The  transient  visitors  which  effect  it  arrive  on  our   northern  islands 
and  along  our  north-eastern  coast,  together  with  those  which  winter  with 
us,  in  October,  or  in  some  years  early  in  November,   and  after  a  short 
rest   proceed  along  the  coast,  chiefly  by  night,  southward  and  westward, 
crossing  tho  Channel  at  various  points.     Though  they  are  mainly  confined 
to  our  eastern  and  southern  seaboards,  yet  a  considerable  number  make 
an  overland  journey  across  Great  Britain,  travelling  down  the  west  coast, 
while  others  possibly  cross  to  Ireland,  and  continue  their  southerly  journey 
along  its  eastern  shores.     The  Passage  movements  from  the  east  need  no 
further  notice  now,  since  they  have  been  treated  already  under  Section  2. 
(,'f>/n>r«?  Remark*  on  Autumn  Jftnti/ration  and  I  in  mil/ration. — Having 
treated  of  the  autumn  movements,  both  of  emigration  and  immigration,  it 
may  be  desirable  before  proceeding  further  to  consider  their  effects  on 
the  Skylark  population  of   Britain,  and  its  position  at  the  end  of  that 
season.     Though  a  considerable  number  of  home-bred  birds  have  at  that 
time  quitted  our  shores,  their  departure  has  not  materially  affected  the 
great  abundance  of  the  species,  partly  owing  to  the  fact  that  the  Skylark 
is   double-brooded,1  and  hence  its    annual    increase    is  enormous,    while 
prodigious  numbers  have  poured  into  England  from  Central  Europe  during 
part  of  September  and  throughout  October,  to  say  nothing  of  the  immense 
number  of  immigrants  from  North-western   Europe  which  have  arrived 
<luring  tho    latter    month.       Tho   result  is   that  from   November  to  the 
sotting  in  of  cold  woather  the  Skylark  population  of  the  British  Isles  is 
at  its  maximum,  and  vastly  in  excess  of  what  it  is  at  any  other  period  of 
the  year.  f 

0.  Wintw  Emigration  from,  and  Partial  Migration  within,  the  British 
Island*.  -Those  movements  depend  wholly  on  the  state  of  the  weather, 
and  vary  in  degree  :i-v..r  lin-  to  its  severity.  The  Skylark  obtaining  the 
whole  of  its  food  on  the  ground  is  at  once  drixen  to  change  its  quarters 
when  that  is  covered  with  snow,  and  only  somewhat  loss  quickly  when 
it  is  merely  frost-bound  without  snow.  Should  the  late  autumn  and 
winter  bo  uniformly  mild,  the  Skylarks  sojourning  with  us  remain  practi- 
cally stationary.  Few,  if  any,  winters  are,  however,  entirely  free  from 
snow  or  frost,  and  with  the  lirst  outbreak  of  cold  the  birds  must  remove 
themselves  from  its  untoward  influence*.  Sometimes  suitable  lodging  may 
be  found  not  far  off,  and  then  tho  movement  is  but  local  or  partial  in 
character.  When  this  occurs,  and  the  stress  is  but  short,  the  birds  soon 

1  In  ninny  parts  of  England  moat  pairs  o£  Skylarks  have  throe  nests  in  tho  year, 
1901.  »  B 


370  KEPORT— 1901. 

return  to  their  former  haunts ;  but  if  the  adverse  conditions  continue 
and  become  general,  the  movement  also  becomes  widespread  and  more 
or  less  universal.  This  effect  is  especially  produced  by  great  snowstorms, 
when  the  number  of  fugitives  is  so  vast  that  people  wonder  where  such 
prodigious  multitudes  can  come  from,  as  they  throng  towards  the  coast 
and  particularly  the  milder  south-west  coast  of  England — Devon,  Corn- 
wall, and  the  Scilly  Isles — though  many  undoubtedly  cross  the  Channel, 
and  others  proceed  to  Ireland.  On  the  other  hand,  a  few — and  these  are, 
perhaps,  of  our  native  stock — attempt  to  brave  the  unfavourable  condi- 
tions, partly  by  resorting  to  unwonted  places  of  shelter,  especially  the 
sea-shore,  but  many,  if  not  most,  of  them  succumb  to  famine.  In 
Ireland,  too,  there  are  many  winter  movements,  due  to  the  pressure 
of  climatic  conditions,  and  Cork  and  Kerry  are  especially  resorted  to 
during  hard  weather  ;  but  winter  emigration  must  be  regarded  as  ex- 
ceptional in  Ireland,  for  one  portion  or  another  of  its  shores  generally 
affords  an  asylum  in  the  severest  seasons,  though  many  birds  perish,  even 
in  its  most  favourable  areas,  during  an  abnormally  protracted  winter.  It 
has  already  been  stated  that  Ireland  ordinarily  receives  numbers  of 
Skylarks  in  autumn,  and  being  again  sought  by  multitudes  of  refugees 
from  the  snows  and  frosts  of  Great  Britain,  it  follows  that  the  Skylark 
population  of  Ireland  is  at  its  maximum  at  a  period  when  that  of  Great 
Britain  is  at  its  lowest. 

During  some  severe  winters  in  Central  Europe  there  is  a  renewal  of 
the  immigration  of  Skylarks  (together  with  Starlings  and  Lapwings) 
across  the  North  Sea  to  the  south-east  coast. 

During  these  cold-weather  movements  many  of  the  emigrants  perish 
at  the  lanterns  of  the  Light-stations.  Thus,  on  December  2,  18S2,  th« 
Bell  Hock  Lighthouse  was  visited  by  what  is  described  as  being  the 
greatest  multitude  of  Skylarks  ever  known.  It  was  impossible  to  estimate 
the  number,  but  they  were  '  striking  hard  for  a  couple  of  hours  like  a 
shower  of  hail/ 

If  the  statement  that  the  winter  emigration  depends  wholly  on  the 
state  of  the  weather  need  any  confirmation,  it  may  be  furnished  by  the 
fact  that  in  the  mild  seasons  of  1881-8:3  and  1885  80  very  little  was 
recorded.  There  are,  however,  usually  spasmodic  and  partial  movements 
in  November  ;  but  it  is  not  until  cold  weather  sets  in  that  any  general 
exodus  takes  place.  If  there  has  been  much  snow  in  December,  as  in 
1879  and  1882,  there  is  little  or  no  movement  later  in  the  season,  because 
the  birds  have  already  departed.  On  the  other  hand,  after  the  un- 
eventful December  of  1880,  there  were  pronounced  emigrations  in  January 
1881.  In  February  there  are,  as  a  rule,  movements  more  or  less  local, 
and  due  to  snow,  arid  in  that  month  of  1886,  which  was  cold  and  snowy, 
movement  followed  movement  throughout  its  course.  The  March  migra- 
tions are  not  of  much  account,  but  in  unusually  inclement  .seasons,  like 
188 '3  and  1887,  there  were  *  rushes  J  to  the  coast  as  late  as  the  UOth  of 
that  month.1  In  other  years  there  is  little,  or  nothing  recorded  for  it. 

7.  tipriny  Immigration  of  tiit,mini'r  V 'mil  an  in  <nul  Upturn  <tf  Winter 
Emigrants. — The  return  of  the  Skylarks  which  have  left  us  during  the 
autumn  and  winter  is  observed  on  the  southern  coasts  of  both  Great 
Britain  and  Ireland  early  in  the  year,  their  arrival  taking  place  as  a  rule 

1  At  the  Nash  Lighthouse,  on  the  Glamorgan  coa.st,  on  March  ]fi,  1887,  Skylarks, 
Starlings,  Snipes,  Woodcocks,  Lapwings,  Golden  Plovers,  and  Wild  Ducks  were 
flying  before  heavy  snow  from  8  30  A.M.  to  ,'J  P.M. 
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during  the  latter  half  of  February,  and  occasionally  as  early  as  the  second 
week  (in  1886  on  the  llth),  the  immigration  continuing  throughout 
March.  Tho  precise  time  seems  to  be  influenced  by  the  condition  of 
the  weather  in  the  birds'  southern  retreats.  If  the  early  spring  there  be 
mild  and  genial,  they  begin  their  return  early,  but  if  tho  contrary  their 
departure  is  delayed.  On  arrival  on  the  south  coast  of  England  many 
pass  northward  along  the  east  and  west  coasts,  the  latter  being  the 
route  chiefly  followed  by  the  earlier  immigrants.  The  return  to  Ireland 
corresponds  closely  with  the  arrival  in  Southern  England,  the  earliest 
observation  for  the  period  1882-87  being  on  February  10,  1886,  and  from 
that  time  the  movements  occur  at  intervals.  The  other  species  of  birds 
which  reappear  along  with  the  Skylarks  are  mustly  those  which  have  before 
been  mentioned  in  association  with  them — Thrushes,  Blackbirds,  Titlarks, 
Lapwings,  and  so  forth.  During  April  the  movements  of  tho  immigrants 
become  merged  into  those  of  the  strictly  called  Birds  of  Passage.  Tii  J rehuid, 
during  the  first  half  of  the  month  and  occasionally  to  the  third  week, 
Skylarks  continue  to  arrive  in  company  with  Wheatears  and  other  early 
summer  birds.  The  return  movement  to  the  Hebrides  corresponds  with 
that  to  the  mainland,  but,  as  in  Ireland,  the  immigration  is  prolonged  into 
April.  In  Shetland  the  spring  arrival  of  the  native  birds  begins  in  the 
early  days  of  .March.  Tim  immigrants  reach  the.  south  coast  of  England, 
sometimes  in  vast  numbers,  during  the  earliest  hours  of  the  morning,  but 
in  tin.  south-east  of  Ireland,  the  chief  point  of  arrival  in  that  country, 
they  are  usually  observed  later  in  the  day,  but  in  the  Hebrides  at 
night. 

8.  Rprhitj  EiHtr/rcitlttii  fo  C^nlrnt  Enru]tr  from  tltc  Tiriftith  lnlrs. — The 
return  (west  to  east)  movement  from  South-eastern   Kngliind  across  the 
North  Sea  comes  very  little   under  observation  compared   with  the  in- 
flowing  streams  of  the  preceding  autumn,  and  that   this  should  ho  so  is 
easily  to  be  explained.     In  the  lirst  place,  the  numbers  of  travellers,  owing 
to  the  waste  of  winter,  have  been  much   thinned  ;  and  secondly,  because, 
like  all  other  important  emigratory  movements,  this  one  takes  place  chiefly 
at  night,  and  so  for  the.  most  part  escapes  notice,   for  it    is  reasonable 
to  suppose  that  tho   lirst  hour  of  flight  takes  the  birds  beyond  the  limit 
of  observation  at  the  Light- stations  along  our  eastern  const.     Some  return 
emigration  is  nevertheless  observed  by  day  on  the  Lightships,  the  direc- 
tion of  the  birds  being  eastward  from  the  mouth  of  the  Thames,  and  south- 
eastward from  the.  more,  northerly  stations.    There  are  also  enough  observa- 
tions to  show  that  the  movement  begins  in  February  (in  the  mild  season 
of  188*J  on  the  b'th,  but  usually  not  till  the  middle  of  the  month),  and  is 
continued  until  the  end  of  March,  the  USth  being  the  latest  day  recorded. 
As  with  the  reverse  movement  in  autumn,  this  is  chiefly  noticed  on  the. 
Lightships  between  the  Thames  and  the  Humber.     The  other  species  of 
birds  accompanying  the  Skylarks  are  Starlings,  *  Crows,'  and  L-ipwings. 

9.  fyriitff  Si  it/ration  to  Northern  Europe  from  thf  ftritisfi   /*/*%     In 
mild  seasons  during  tho  third  week  of  February  then1   are  indications  at 
our  north-eastern  stations  that  tho  Skylarks  which   have  wintered  with 
us  are  beginning  to  depart  for  their  northern  homes,  and  throughout 
March,  especially  after  the  middle  of  tho  month,  then*  is  usually  much 
evidence  to  the  same  effect,   the  concomitant  species  being  Blackbirds. 
Goldcrests,  Starlings,  Woodcocks,  and  *  Wild  Geese' ;  but  here,  again,  as 
in  the  last  case,  much  escapes  notice,  and  for  the  same  reasons. 

The  spring  emigration  from  Ireland  deserves  separate  consideration. 
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Beginning  about  the  middle  of  February,  it  becomes  nloi'e  pi'onounced  In 
March,  and  ceases  with  the  close  of  that  month.  The  birds  return  by 
the  routes  taken  in  autumn  and  winter,  chief  of  which  is  that  between 
the  south-eastern  counties,  with  Wexford  as  a  centre,  and  the  southern 
provinces  of  Wales  and  shores  of  the  Bristol  Channel  ;  while  during  March 
there  are  return  flights  cross  the  Irish  Sea  to  North  Wales  and  South- 
western Scotland.  Generally  the  birds  set  out  after  dark,  but  Skylarks  are 
occasionally  recorded  as  migrating  during  the  day,  those  from  the  southern 
portion  of  Ireland  making  for  the  south-east,  while  those  from  the 
Wicklow  coast  proceed  due  east.  The  night  movements  arc  often  per- 
formed in  company  with  Thrushes,  Blackbirds,  and  Starlings.  The  winter 
visitants  to  the  Hebrides  leave  for  the  mainland  of  Scotland  about  the 
same  time,  and  call  for  no  special  remark. 

10.  tipriiifj  Passat/a  from  Southern  to  Northern  and  C  mitral  Europe 
along  the  British  Coattt.  —  These  movements  take  place  during  March  and 
early  April,  and  arc  not  easily  distinguished  from  some  others  that  are  in 
progress  at  the  same  time.  It  is  probable,  however,  that  the  bulk  of  the 
Skylarks  arriving  at  this  time  on  the  southern  coast  of  England  are  en 
route  for  North-western  Europe.  After  reaching  this  island  they  move 
northward  along  the  coast,  and  finally  quit  the  country  in  company  with 
those  which  have  been  wintering  in  (ireat  Britain  and  Ireland,  as  well  as 
with  other  emigrants  and  transient  visitors. 


THE  MIGRATIONS  OF  THE  SWALLOW  (Ilinmdo 

The  familiar  Swallow  may  bo  taken  as  a  typical  example  of  a  Summer 
Visitant  to  the  British  Islands,  whose  breeding  range;  reaches  a  high 
latitude  in  Europe,  though  not  extending  to  the  extreme  north  of  the 
Continent,  nor  to  Iceland.  In  our  islands  it  is  to  be  regarded,  however, 
not  merely  as  a  summer  visitant,  but  also  as  a  Bird  of  Passage,  traversing 
our  shores  jn  spring  and  autumn  on  its  way  to  or  from  its  summer  quarters 
in  Western  Europe.  Its  winter  quarters  are  known  to  be  in  Africa, 
chiefly  to  tho  south  of  the  (treat  Desert.  In  preparing  the  following 
compendium  of  its  emigrations  I  have  not  limited  myself  to  the  records 
furnished  by  the  various  Light-stations,  since  the  majority  of  observa- 
tions there  made  do  not  discriminate  between  the  Swallow  and  the  two 
species  of  Martin  also  visiting  our  islands  ;  but  f  have  availed  myself  as 
well  of  the  voluminous  records  chronicled  in  serial  literature,  often  by 
expert  ornithologists. 

fytring  Immigration  of  Hummer  Vwlfantit.  —  On  this  subject  tho 
records  are  so  numerous  and  complete  as  to  enable;  mo  t<»  speak  with 
authority  as  to  the  date  of  the  Swallow's  successive  arrivals  on  our  shores, 
and  also  to  trace  with  some  degree  of  accuracy  its  gradual  spreading  over 
the  country,  which  has  hitherto  been  a  fknirkratuiH.  During  March  a 
few  solitary  birds  annually  appear,  sometimes  very  early  in  the  month, 
and  though  these  may  be  regarded  as  somewhat  erratic  visitors,  no  year 
of  the  inquiry  (1880-87)  is  wanting  in  authentic  records  of  their 
appearance.  In  all  there  are  twenty-one  records  of  March  Swallows,  of 
which  ten  were  observed  on  the  south-west  coast  of  England,  four  in 
Ireland,  three  in  the  south-east  of  England,  and  two  each  in  South-eastern 
and  South-western  Scotland.  It  is  not  till  April  that  the  vanguard  of 
the  host  reaches  our  shores,  and  a  careful  analysis  of  dates  shows  that 
the  average  time  of  its  appearance  in  different  parts  of  our  islands  is  as 
follows  :  For  South-western  England  the  beginning  of  the  iirst  week  ;  for 
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Ireland  the  end  of  that  week  ;  for  South-eastern  England  early  in  the 
second  week  ;  for  South-western  Scotland  the  end  of  the  same  ;  for  South- 
eastern Scotland  the  middle  of  the  third  week  ;  for  Northern  Scotland  the 
fourth  week  ;  and  lastly  it  is  not  till  the  second  week  of  May  that  the  few 
Swallows  which  resort  to  Orkney  reach  their  destination.  These  early 
immigrants  arc  either  single  birds  or  pairs.  Some  ten  or  twelve  days 
later  than  the  arrival  in  each  case  of  this  advanced  guard  takes  place  the 
appearance  of  Swallows  in  some  numbers,  and  they  become  gradually 
abundant  throughout  the  kingdom.  These  initial  hosts  .are  followed  by 
others,  and  *>o  the  influx  proceeds  during  the  rest  of  April  and  the  first 
half  of  May,  and  beyond  that  date  in  the  case  of  ))i ids  of  passage.  In 
backward  seasons,  such  as  that  of  1887,  when  cold  and  unsettled  weather 
with  snow  and  sleet  prevailed,  the  vanguard  may  be  delayed  for  about  a 
week,  but  on  that  occasion  its  appearance  was  immediately  followed  by  a 
'  rush/  and  the  birds  became  numerous  ami  general  only  a  little  in  arrear 
of  their  accustomed  time.  In  the  Hebrides  and  North-western  Scotland 
the  Swallow  is  uncommon,  and  mostly  observed  on  passage  in  small 
numbers,  while  though  appearing  almost  annually  in  Shetland,  chiefly 
after  tho  middle  of  May  or  early  in  June,  it  is  little  more  than  a  straggler. 
In  Ireland  the  immigrants  arrive  in  considerable  numbers  until  about 
the  middle  of  May,  and  in  some  seasons  (lb»83,  1884,  and  188C)  so  late  as 
the  third  week  of  that  month,  but  it  is  possible  that  some  of  these  later 
birds  are  on  passage  to  tho  Hebrides  and  north  of  Scotland. 

It  is  evident  from  the  statistics  consulted  that  the  arrival  of  Swallows 
on  the  western  seaboard  is  well  in  advance  of  their  appearance  further  to 
the  east.  Not  only  is  thi*  so  in  the  south  of  England,  but  even  in  Scot- 
land the  district*  of  'Sol  way  '  and  'Clyde '  almost  invariably  receive  their 
Swallows  several  days  (some  seasons  ten  or  eleven)  before  the  4  Tweed  '  and 
1  Forth.' 

Swallows  are  described  as  arriving  on  our  southern  shores  during  the 
daytime,  chiefly  in  pairs,  but  sometimes  as  many  as  six  or  seven  together, 
and  living  low  over  the  soa,  tlio  immigration  la>ting  most  of  tho  day  ;  but 
they  aro  also  noted  as  coming  in  small  parties,  flock  after  flock,  for  several 
hours  in  succession,  and  unaccompanied  by  any  other  kinds  of  birds.  A 
remarkable  exception  to  this  was,  however,  observed  at  the  Kddystono  in 
18S7,  when  from  midnight  to  3  A.M.  on  May  $  and  t  hundreds  of  birds, 
Swallows  and  Whoatoars,  together  with  (as  testified  by  the  wings  of  tho 
victims)  Heed -Warblers,  Whitethroats,  Wood-  and  Willow -Warblers, 
and  Redstarts  woro  killed  at  the  lighthouse.  (Generally,  however,  few 
Swallows  meet,  with  disaster  during  their  spring  journeys,  a  very  small 
number  striking  the  lanterns,  while  fewer  still  seem  to  sutler  from  exhaus- 
tion. 

tfpring  PaaMiyr  from  tlir  tfoitfh  to  Northern  Europe. —  This  movement 
of  Swallows  which  pass  along  our  coast-line  on  their  way  to  their  homes  in 
tho  north  of  Kuropo  does  not  set  in  till  tho  last  days  of  April,  reaches  its 
maximum  about  tho  middle  of  May,  and  may  be  prolonged  till  nearly  the 
middle  of  .Juno.  Many  of  tho  earlier  of  those  transient  migrants  reach 
our  south  coast  in  company  with  tho  Swallows  that  coino  to  summer  with 
us,  but/  those  which  pour  in  during  tho  latter  part  of  May  or  in  June  aro 
mostly  passengers  on  their  way  to  Scandinavia.1  The  stream  is  almost 

1  According  to  the  information  of  Professor  Collet  t,  the  Swallow  is  seldom 
observed  in  Norway  in  April.  In  tho  first  week  of  May  examples  appear  singly, 
about  the  middle  of  that  month  more  arrive,  and  between  tho  gOth  a.n.d  ?5th  all, 
perhaps,  are  come, 
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wholly  confined  to  our  eastern  coast,  and  the  North  Sea  is  crossed  ere 
the  northern  limit  of  the  mainland  is  reached,  for  these  travellers  do  not 
seem  to  take  Orkney  or  Shetland  on  their  route.  A  small  number  of 
Swallows  yearly  visit  the  Hebrides  during  the  first  three  weeks  of  May, 
and  it  is  possibly  these  birds,  or  some  of  them,  that  find  their  way  to  the 
Faroes,1  and  even  as  stragglers  to  Iceland,  while  others  may,  perhaps, 
finally  reach  Northern  Europe  by  this  far  western  route,  which  may 
originate,  so  far  as  the  British  Isles  are  concerned,  on  the  east  coast  of 
Ireland  and  west  coast  of  England.  A  few  are  also  observed  about  the 
same  time  on  the  north-west  coast  of  Scotland. 

Autumn  Emigration  of  British  Summer  Visitors. — During  the  latter 
half  of  July  parties  of  Swallows  are  recorded  as  visiting  the  island 
stations  and  lightships  off'  the  east  coast  of  Great  Britain  and  the  south- 
east of  Ireland,  but  it  may  be  doubted  if  such  appearances  are  of  much 
significance,  though  it  may  be  otherwise  with  some  recorded  in  1880,  when 
during  the  spell  of  cold  weather  six  flocks  of  from  fifty  to  sixty  each 
were  observed  passing  to  the  south  on  July  '27  at  the  Tees  Buoy  Light- 
ship, and  two  days  later  numbers  passed  the  Leman  and  Ower  Lightvessel, 
off  the  Norfolk  coast — some  alighting,  while  one  struck.  But  even  if 
these  were  cases  of  real  migration,  it  may  have  been  but  partial,  and  the 
birds  merely  seeking  better  quarters  within  our  area.  It  is  not  until  the  hist 
week  of  August  that  Swallows  ordinarily  begin  to  leave  Scotland  and  the 
north  of  England.  Then  there  is  a  decided  movement  south \varil,  and, 
along  with  .Redstarts  and  Willow- warblers,  they  are  observed  at  various 
stations  both  on  the  coast  and  inland.  There  is  no  evidence  that  these 
birds  actually  quit  the  country,  and  most,  if  not  all,  probably  tarry  for 
sometime  in  the  south  of  England  before  crossing  the  Channel.  The  Irish 
movements  in  August  are  less  pronounced,  but  the  returns  show  a  decided 
increase  of  visitors  to  the  coast  stations,  and  indicate;  the  setting  in  of  the 
ebb.  In  September  the  southern  movement  becomes  general  throughout 
the  whole  country,  and  reaches  its  maximum  between  the  middle,  and 
end  of  the  month.  During  its  early  days  there  is  the  n'rst  evidence  of 
actual  departure  from  our  shores,  and  the  cross-channel  emigration  then 
commencing  proceeds  throughout  the  autumn.  The  beginning  of  October 
shows  a  decided  falling  off  in  the  numbers  departing  from  the  northern 
districts,  especially  in  the  west  ;  but  the  southward  movement  is  well 
maintained  during  the  first  half  of  tho  month  from  the  east  and  south- 
west of  England  and  the  south-east  of  Ireland.  By  the  middle  of  the 
month  the  emigration  from  Scotland  and  tho  north  of  England  is  over, 
and  Swallows  observed  after  that  time  on  the  cast  co.-ist  of  Britain  seem 
to  be  the  later  emigrants  from  Scandinavia,  which  since  September  have 
been  passing  along  that  coast,  mingling  with  our  own  birds,  so  that  in 
many  cases  the  two  movements  are  indistinguishable.  After  the  middle, 
of  October  a  considerable  diminution  is  observable,  except  on  the  coast  of 
the  Channel,  where  the  efflux  is  maintained  throughout  the  month. 
During  the  first  half  of  November  stragglers  aro  still  to  be  seen  on  the 
east  coast  of  Great  Britain  and  the  south-oast  of  Ireland,  but  there  are 
no  records  of  observations  in  the  west  of  Scotland,  and  very  few  from 
the  north-west  of  England.  From  the  south  of  England  many  departures 
occur  annually  till  the  middle  of  the  month,  while  stragglers  are  to  be 

1  Herr  Kirad  Andersen  informs  me  that  the  Swallow  appears  not  uncommonly 
in  the  Faeroes  in  May. 
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seen  Liter,  especially  in  the  south-west.  December  Swallows  are  rarce 
aves,  and  were  only  observed  in  one  year  of  the  inquiry.  The  autumn  of 
1880  was  remarkable  for  the  protracted  stay  of  the  Uirundinidcv,  and 
a  few  belated  Swallows  were  recorded  on  the  south  coast  of  England  in 
the  last  week  of  November,  while  in  December  one  was  observed  at 
Bournemouth  on  the  7th,  and  two  at  Eastbourne,  and  one  at  Woolmer  on 
the  llth,  the  weather  until  that  time  having  been  mild.1 

Autumn  Papaya  (deny  the  British  Coast  from  Northern  Europe. — The 
return  of  tho  Swallows  which  have  summered  in  Scandinavia  (accom- 
panied by  their  young),  and  their  passage  along  our  coast,  usually  takes 
place  from  the  middle  of  September  2  onwards,  the  9th  of  that  month 
(in  1884)  being  tho.  cavliost  clay  on.  which  their  movement  is  recorded. 
The  passage  is  well  maintained  during  the  rust  of  the  month,  and  is 
prolonged  by  a  few  birds  to  tho  first  or  even  second  week  of  October. 
SOUK;  of  these  travellers  from  the  north  are  perhaps  induced  by  our 
milder  climate  to  tarry,  and  it  is  possibly  such  laggards  that  occur  on  or 
near  our  east  coast  in  November,  and  thus  account  for  the  lateness  of 
migration  there  observable  when  compared  with  the  west  coast.  It  has 
Injen  already  remarked  ihat,  after  their  arrival  on  our  shores,  Swallows  on 
autumn  passage  mix  with  our  native  birds  then  emigrating,  and  it  is  no 
longer  possible  to  trace  the  former,  though  they  doubtless  form  the  bulk 
of  the  rear-guard  movements  of  tho  autumn.  In  Shetland  and  Orkney 
there  is  no  appearance,  of  these  returning  Swallows  of  passage,  and  but 
feeble  evidence  of  their  taking  tho  Hebrides  on  their  way,  though  the 
records  indicate  such  a  transit  during  September  and  the  first  day  of 
October.  There  are,  passage  movements  on  the  part  of  Irish  birds  dis- 
cernible in  the  tho  south-west  of  England  to  the  third  week  of  October, 
with  occasional  stragglers  to  tho  middle  of  November.  In  September 
of  some  years  Swallows  are  recorded  at  the  lightships  off  tho  mouth  of 
the  Thnincs  and  the  Kentish  coast  as  coming  from  the  south-east,  and 
occasionally  in  considerable  numbers. 

Further  Olwr rations  on  the  Autumn  Movement*.—  At  the  best  stations 
for  observing  emigration  it  usually  takes  tho  form  of  the  continuous 
p;issjign  of  small  parties,  not  exceeding  a  score,  and  as  this  may  last  for 
hours  vast  numbers  thus  depart.  They  have,  however,  been  observed  on 
the  south  coast  to  assemble  in  thousands  :iud  fly  away  en  massc^  but  this 
is  only  occasionally  recorded.  Swallows  are  frequently  seen  to  emigrate 
in  company  with  J louse  Martins  and  occasionally  with  Sand  Martins. 
The  earliest,  troops  to  cross  the  channel  are  observed  to  bo  composed  of  old 
and  young  birds.  It  has,  however,  been  noticed  that  the  large  congrega- 
tions at  various  points  on  the  south  coast,  whether  preparing  to  emigrate 
or  in  actual  movement,  consist  in  many  cases  chietly  or  entirely  of  young 
birds,  but  in  others  wholly  of  adults.  Mores  frequently,  however,  tho 
number  of  old  birds  is  in  normal  proportion  to  that  of  the  young.  The 
time  of  tho  day  at  which  emigration  takes  place  seems  equally  varied. 
On  the  south  coast  some  of  the  great  movements  are  recorded  as  in 

1  Mr.  Joseph  Agnow,  light-keeper,  states  that,  a  Swallow  was  caught  on  tho 
Monach  Islos  (with  the  exception  of  St.  Kildn,  the  outermost  of  the  Hebrides)  in 
January  IH87,  but  he  unfortunately  furnished  no  further  particulars  of  tho 
occurrence. 

•  Professor  Collet!  slates  that  Swallows  l>c^in  to  leave  Southern  Norway  the  first 
week  of  September,  and  that  he  has  known  individuals  to  remain  there  so  late  as  the 
of  October, 
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S  -ogress  from  early  morning  to  noon,  others  as  going  on  until  night  sets  in.1 
uring  the  autumn  and  spring  migration  (though  concerning  the  latter 
we  lack  definite  information)  the  English  Channel  is  probably  crossed  by 
many  routes,  but  there  are  certain  much-used  points  of  departure  to  reach 
whieh  the  birds  shape  their  course.  Beginning  in  the  west,  we  find  among 
them  the  Land's  End,  the  Lizard,  the  Eddystone,  and  Start-  Point.  It  is 
otherwise,  however,  on  the  Dorset  and  Hampshire  coasts,  along  which 
Swallows  are  recorded  as  prorcu'dintr  to  the  eastward,  and  it  is  not  until 
the  Nab  Lightvessel  is  reached  that  the  flight  becomes  southerly  towards 
the  French  coast.  In  Sussex,  too,  the  flight  is  easterly  towards  Beechy 
Head,  just  before  arriving  at  which  many  birds  cross  the  Channel.2 
Others  still  pursue  their  easterly  flight,  and  finally  cross  the  Straits  of 
Dover.  There  may  be  other  routes  taken,  but  the  points  of  departure 
just  named  are  those  which  result  from  the  present  inquiry.  There  are, 
however,  some  records  of  Swallows  occasionally  moving  westward  along 
the  south  coast.  If  this  should  be  more  than  accidental,  a  cross-movement 
of  departing  birds  occurs  then.  The  shore  line  is  closely  followed  by 
many  of  the  Swallows  moving  south,  especially  by  those  which  are  on 
passage.  ____  __ 

Investigation*  made  at  the  Marine  Jtiohrjirfi  I,  La  I  torn  lory,  Plymouth.  — 
Report  of  the  Committee,  consisting  of  Mr.  G.  C.  HontNi:  (Chair- 
man), Mr.  W.  (JAKSTANG  (iS«c)r///r//),"  Professor  E.  HAY  LANKESTEK, 
Professor  SYDNEY  H.  VINES,  Mr.  A.  SEDGWK'K,  and  Professor 
W.  F.  It.  WELDON.  (Drruni  uj)  Inj  the  *SV?w///r//.) 

THE  British  Association's  table  has  been  occupied  during  the  past  year 
by  the  following  naturalists,  who  devoted  themselves  to  investigations  or 
to  the  collection  and  preparation  of  material  for  research  on  the  subjects 
mentioned  :  — 

Mr.  II.  C.  Punnete,  August-  September  1000  (two  months)  :  On  the 
Pelvic  Plexus  of  Elasinnbranchs,  and  on  the  Anatomy  of  Nuiuertiiitts. 

Mr.  S.  D.  Scott,  August  1900  (one  week)  :  On  the  Excretory  Pro- 
cesses of  Ascidians. 

Dr.  F.  W.  Gamble,  April  1901  (one  week)  :  On  tho  Histology  and 
Physiology  of  Mysis. 

Mr.  W.  B.  Handles,  July  -August  1901  (one  month)  :  On  the  Anatomy 
of  Trochus. 

Mr.  W.  M.  Aders,  August  1901  (two  weeks)  :  On  the  Sperm  at  ogenesis 
of  Ccelenterata. 

Dr.  Gamble's  work  was  unfortunately  cut  short  unexpectedly  by  private 
causes,  and  another  gentleman,  to  whom  tho  table  had  been  allotted  - 

1  At  the  Nab  Lightship,  October  lt  1S8f>,  Swallows  arc-  worded  as  passing  south 
at  intervals,  twenty  at  a  time,  from  dawn  to  dark.  Tho  rot  urns  from  Hanois  Light- 
house, on  the  west  const  of  Guernsey,  show  tha*  Swallows  ]>HSH  southward  fiom  6  A  M. 
to  8  P.M.  At  the  CasqnetH,  west  ot  Alderney,  on  October  1,  1  880,  Swallows,  with 
other  birds,  Son^-Thrushes,  Iting-Ousol,  Land-  and  Water-Kails,  and  a  Woodcock, 
occurred  from  11  P.M  to  ?>  A.M.  :  200  Swallows  struck  the  lantern.  The  movements 
at  this  station,  however,  may  possibly  have  nothing  to  do  wiih  migration  on  the 
British 


*  When  crossing  between   Newhaven  and  Dieppe   in  September  I  have  seen, 
Swallows  passing  in  a  south-easterly  direction  towards  the  Fiench  poast, 
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Mr.  Chubb,  of  University  College,  London  —  was  also  prevented  eventually 
from  making  use  of  it, 

In  spite  of  these  circumstances,  which  prevented  the  utilisation  of  the 
tablo  to  the  full  extent,  researches  of  a  substantial  character  have  been 
carried  out.  Part  of  Mr.  Purmett's  work,  '  On  Two  New  British  Nemer- 
tines,'  which  has  been  published  recently,1  and  Mr.  Aders'  researches  on 
Spermatogenesis,  on  last  year's  material,  have  been  submitted  and 
accepted  by  the  faculty  of  tho  University  of  Marburg  as  a  thesis  for 
graduation.  Mr.  Randies'  report  is  given  below. 

The  Committee  respectfully  request  re-election  ;  but  in  view  of  a 
balance  of  8£.  5,v.  remaining  unexpended,  they  apply  only  for  a  grant 
of  10/.,  in  addition  to  tho  balance  in  hand. 


OH.  tJw  Anfilomy  ttf'Tw/niH.     Jly  \V.   B.  HANDLES. 

I  occupied  tho  Uritish  Association  table  from  July  17  until  August  17, 
1901,  during  which  time  I  was  engaged  in  collecting  and  preserving 
material  for  a  research  on  tho  anatomy  and  histology  of  Trochus. 

Several  species  of  Trochus  are  to  be  found  cither  .'it  or  in  the  vicinity 
of  Plymouth,  and  are  rcprosentath  os  of  three  sub-genera,  viz.  — 

Trochus  ((Jibbula)  cinerarius. 
„         imil  >i  Heat  us. 
,,         1  umidus. 
(Culliostoma)  zizyphinus. 
„  striatus. 

„  granulatus. 

(Trochocochlea)  linoatus. 

An  examination  of  the  internal  stiueturo  of  Trochus  shows  the  close 
relationship  which  evidently  exists  between  this  genus  and  Pleurotonmria, 
the  anatomy  of  which  lias  recently  boon  described  l>y  Woodward.'2 

Especially  is  this  noticeable  in  T.  (Calliostoma)  zizyphinus,  where, 
save  for  the  presence  of  only  one  gill,  the  internal  structure  is  almost 
identical  with  that  of  Pleurotomaria.  The  nervous  .system  is,  however, 
more  highly  differentiated,  there  being  a  nearer  approach  to  concentra- 
tion of  nerve  cells  into  ganglionic  masses  than  obtains  in  Pleurotomaria. 

T  have  compared  tho  various  species  of  Trochus  anatomically  with  a 
\iew  to  testing  the  validity  of  the  division  into  sub-genera. 

Though  the  number  of  spei  ies  obtainable  hero  is  not  very  largo,  yet  I 
find  that,  as  roganls  the  sub-genera  (Jibhula  and  Calliostoma,  delinito 
anatomical  differences  do  occur,  which  justify  the  separation  of  these 
forms  into  sub-genera. 

Trochus  (Trochocochlea)  linoatus,  however,  presents  no  apparent 
anatomical  differences  from  tho  various  species  of  (iiUwla  \  and  though 
tho  examination  of  a  single  species  of  this  sub-gem^  is  scarcely  sufficient 
to  enable  one  to  judge  of  its  validity  or  not,  yet  a  very  close  relationship 
evidently  exists  bet  ween  (fiMntfa  and  Trwfunwhlm.  1  hope  shortly  to 
puhlish  the  results  of  my  investigation  on  this  genus. 

In  conclusion  F  beg  to  thank  tho  British  Association  for  the  use  of 
their  table  and  to  express  my  indebtedness  to  Pr.  Allen  for  his  many 
suggestions  and  ever-ready  help. 

Quart.  Jour  a.  HL  Menee,  vol.  xli.  part  4.  pp.  ft  1  7-564.    Two 
,  March  J901,  pp.  215-308. 
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Some  Nofes  on  the  Behaviour  of  Youny  Gulls  artificially  hatched. 

l$y  Professor  J.  ARTHUR  THOMSON,  M.A. 
[Ordered  by  the  General  Committee  to  bo  printed  in  exfenso.] 

THE  biological  and  psychological  interest  of  the  observations  made  by 
Professor  G.  Lloyd  Morgan  and  others  011  the  behaviour  of  artificially 
hatched  young  birds  (especially  chicks)  led  me  this  summer  to  utilise  an 
opportunity  which  presented  itself  of  incubating  some  eggs  of  Lam* 
ridibunrtus  and  of  observing  the  behaviour  of  the  young.  I  had  also 
wished  to  obtain  material  for  testing  the  influence  of  different  kinds  of 
diet  on  the  texture  of  the  stomach,  but  this  problem  was  not  followed 
up.  Although  my  observations  are  not  in  any  way  surprising,  they  raise 
a  number  of  interesting  questions  ;  and  it  is,  of  course,  well  that  we  should 
contrast  the  ways  of  a  thoroughly  wild  bird  with  those  of  the  chick,  which 
has  probably  been  to  some  extent  changed  by  domestication. 

Some  of  the  gulls  which  I  hatched  in  ray  laboratory  were  given  to 
Dr.  Lewis  Maclntyre,  lecturer  on  comparative  p^ycholo^y  in  the 
University  of  Aberdeen,  and  I  am  indebted  to  him  for  confirmation  and 
extension  of  certain  farts  which  I  noticed.  Hut,  as  he  lias  not  seen  this 
communication,  he  is  not  in  any  way  responsible  for  errors  of  inference 
which  may  have  crept  in.  I  should  also  notice  that  four  newly  hatched 
birds  from  different  nests  were  used  for  comparison  with  those  that  were 
artificially  incubated. 

Among  observations  made  on  repeated  occasions  at  the  gullery  tho 
following  may  be  noted,  though  they  may  bo  familiar  to  man). 
Although  the  thousands  of  birds  are  extraordinarily  quick  to  take 
alarm— generally,  to  human  perception,  quite  needlessly  they  acquiesce 
in  two  or  three  minutes  to  the  presence  of  an  intruder  in  a  boat,  if  he  sir 
still  under  a  covering  of  sacking.  The  birds  will  then  come,  within 
arm's  length  and  settle  down,  though  the  shape  of  the  observer  who  is 
peering  through  holes  cut  in  the  sacking  forms  the  most  conspicuous 
object  in  the  immediate  environment.  By  this  method  it  was  possible 
to  mako  sure  of  the  fact  that  the  same  bird  comes  back  to  tho  same,  newt. 
As  there  may  be  hundreds  of  nests  within  a  small  radius-  at  least-  half-a- 
dozen  on  the  area  of  an  ordinary  household  dining  table  and  as  tho  very 
uniform  bank  of  miul,  tussocks,  and  bog-bean  stems  presents  to  our  eye's 
few  distinctive  marks,  and  as  there  is  continuous  rising,  squabbling,  and 
resettling,  it  seemed  welJ  to  take  some  pains  to  fix  attention  on  birds 
with  some  slight  peculiarity  of  plumage,  and  to  prove  that  they  came 
back  to  their  proper  nest.  The  extraordinary  variability  of  the  colora- 
tion of  the  eggs  -  from  unspotted  pale  blue  to  very  dark  brown  with 
darker  spots — may  facilitate  the  recognition  of  the  nest  during  the  day. 
On  one  occasion  I  observed  that  a  very  young  nestling  of  the  first  or  second 
day  which  had  tumbled  out  of  its  own  nest  and  crawled  to  tho  next  one 
was  accepted  without  demur.  Older  youngsters,  able  to  run  about,  are 
pecked  at  very  viciously  when  they  come  near  a  brooding  bird. 

First  Day. — Observations  in  regard  to  behaviour  immediately  after 
artificial  hatching  were  greatly  hindered  by  the  fact  that  the  young  birds 
are  so  imperfectly  warm-blooded.  Something  of  tho  nature  of  a  hothouse 
would  be  useful.  When  the  young  creatures  were*  taken  from  the  incubator 
or  from  a  warmed  box  they  were  in  a  few  minutes  oppressed  with  cold, 
and  uttered  their  cry  of  discomfort  almost  continuously.  As  observations 
under  conditions  of  discomfort  did  not  seem  of  value,  the  birds  wore  at 
first  studied  only  for  a  few  minutes  at  a  time. 
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Hatched  with  open  eyes,  which  did  not  wink  on  the  approach  of  a 
finger,  the  young  birds  showed  no  sign  of  any  fear.  A  notable  fact  is 
their  extraordinary  self-possession  throughout,  though  suspicious  ness 
gradually  grows  on  them.1  They  pecked  within  a  few  hours  after 
hatching  both  at  finger  and  spoon,  with  or  without  food,  but  with  a  lack 
of  precision.  They  also  pecked  at  the  cotton-wool  of  their  beds.  Many 
of  the  first  day's  peckings  missed,  but  the  learning  was  very  rapid.  It 
was  observed  that  in  precision  of  early  pecking  the  young  gulls  were  far 
ahead  of  young  coots.  Even  on  the  first  day  some  fed  repeatedly  and 
heartily,  but  this  varied  with  the  individual. 

Some  preening  was  observed  on  the  first  day,  and  the  general 
vertebrate  action  of  raising  the  hind  foot  to  scratch  the  head—  seen  in 
frog,  lizard,  chick,  kitten,  «te.—  was  frequently  noticed.  Almost  from 
the  first,  too,  there  was  a  slight  use  of  the  wings  in  balancing. 

On  the  first  day  one  turned  its  head  towards  the  cheep  of  another  in 
a  separate  compartment  of  the  incubator  and  cheeped  as  if  in  response  ; 
a  third,  Ktill  within  the  egg  (chipped),  often  uttered  a  note,  twice  repeated, 
when  the  others  did.  Little  or  no  attention  was  paid  to  noises,  except 
to  a  prolonged  low  whistle,  which  was  followed  by  cowering,  even  on 
the  first  day. 

Nt'Ciwd  Dny.-  -On  the  second  day  the  peeking  was  vigorous  and  precise  : 
the  birds  followed  bright  objects  by  moving  ihe  head  and  neck,  and  pecked 
at  them  in  motion.  They  attended  to  sleeve-links,  ring,  silver  spoon, 
ifcc.  ;  they  looked  up  or  cheeped  when  I  tapped  at  the  window  of  the 
incubator,  but  they  took  no  heed  of  snapping  fingers,  ring  of  spoon  on  a 
glass  beaker,  rubbing  of  cork  on  glass,  and  many  other  striking  noises. 
They  shrank  a  little  from  a  sharp  hand-clap  '-lose  to  them,  but  did  not 
cower.  A  prolonged  low  whistle  again  m;\oV  them  crouch  in  silence,  but 
after  a  number  cf  trials  on  the  same  clay  (second)  one  of  them  entirely 
ceased  to  attend  to  it.  It  would  be  interesting  to  discover  if  there  is  in 
tin*  normal  environment  some  alarming  sound  corresponding  to  the 
prolonged  low  whistle,  but  1  cannot  make  any  plausible  suggestion  which 
would  apply  to  the  gullery  observed.  Later  on  there  was  obvious  associa- 
tion of  certain  sounds  with  the  advent  or  discovery  of  food. 

The  sensitiveness  to  cold — which  repeatedly  led  to  a  reduction  in  the 
number  of  young  birds — was  still  very  marked  on  the  second  day.  Even 
on  a  rug  before  the  fire  one  would  creep  into  my  hands  or  crawl  up  my 
sleeve,  apparently  for  warmth.  At  the  pond  many  young  birds  seemed  in 
a  state  comparable  to  cold-coma,  and  it  msiy  be,  suggested  that  this  will 
tend  to  prevent  premature  excursions,  which  would  in  many  cases 
inevitably  land  the  young  birds  in  the  water.  A  gentle  pecking  under 
shelter,  'v/.,  of  trouser-leg,  suggested  pecking  at  the  mother's  coverts. 

As  is  well  known,  the  adults  are  very  combative,  and  it  was  interesting 
to  observe  si  fight  early  on  the  second  day  of  life.  IVth  pecked  at  Aloph's 
bill,  Aleph  responded,  and  there  was  a  combat  so  forcible  that  separatum 
seemed  advisable.  It  was  interesting  in  connection  with  these  youthful 
combats  to  notice  the  interlocking  of  the  bills  just  as  may  be  observed  in 
adults.  As  has  been  pointed  out,  these  bill -wrest  lings  are  of  biological 

1  T  may  note  here  that,  in  early  days  the  proven™  of  cat  or  dog  does  not  seem  to 
excite  nny  attention;  later  on  there  is  alert  attention,  but  no  apparent-  fear:  a 
gull  two  to  three  weeks  old  will  run  at  a  fox-terrier  and  peck  its  nose;  but  later 
on,  before  they  fly  off,  when  about  a  month  old,  the  birds  utter  the  alarm  cry 
and  retreat  on  the  sudden  appearance  of  a  cat  or  dog. 
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interest  in  connection  with  the  regeneration  of  injured  beaks  in  birds. 
I  cannot  suppose  that  this  second-day  combat  was  other  than  an  early 
expression  of  the  combative  instinct ;  it  could  hardly  be  due  to  hunger, 
for  I  have  noted  in  regard  to  Aleph  and  Beth,  between  their  first  and  second 
days,  that  they  were  fed  at  3.30  A.M.,  at  6  A.M.,  at  9.30  A.M.,  and  so  on  till 
6  P.M.  They  would  only  take  a  little  at  a  time,  but  that  greedily  enough. 
I  suppose  the  mother  must  give  them  mouthfuls  with  great  rapidity,  for  I 
entirely  failed  to  see  a  single  case  of  feeding  at  the,  gullery,  and  othors 
have  been  equally  unsuccessful.  Between  7  and  8.30  P.M.  on  May  24, 
between  3.30  and  7.30  A.M.  on  the  25th,  along  with  a  careful  observer  to 
whom  I  am  much  indebted,  I  watched  the  nests  in  the  hope  of  detecting 
the  feeding  process,  but  quite  in  vain. 

Third  Day. — On  the  third  day  one  of  them  had  a  bath,  and  showed 
the  completeness  of  the  cleaning  instinct.  The  head  was  clucked  sideways, 
shaken  about,  and  reducked  precisely  in  adult  fashion,  and  this  on  first 
experience  of  water,  and  of  course  without  any  example.  After  sonic  clean- 
ing the  bird  drank  in  the  usual  chick  fashion. 

Another,  Omega,  on  its  third  day  was  put  into  a  deep  bath  :  it 
screamed  for  a  few  seconds,  then  settled  down  to  paddling  in  a  thoroughly 
efficient  fashion,  but  with  a  tendency  to  swim  backwards.  It  washed  its 
head  thoroughly,  cleaned  its  bill  with  its  foot,  turning  round  and  round  in 
the  water  like  a  top,  and  after  the  bath  it  preened  itself.  Repeated  ex- 
periments with  different  birds  showed  perfect  ness  of  swimming  powers 
without  experience  or  imitative  stimulus  ;  also  perfect  preening  after  tho 
bath. 

In  several  cases  the  bath  was  followed  by  extreme  weakness,  by  con- 
vulsive fits,  by  inability  to  stand  upright  —  also  observed  in  fatigue  (tho 
whole  tarso-metatarsus  being  horizontal)  -and  by  a  ].li\sinlii^ic.-ill\'  inter- 
esting tendency  to  run  rapidly  backwards  and  then  collapse.  After 
various  treatments — warm  milk,  a  little  oil,  massage,  and  drying  before 
the  fire — there  was  rapid  restoration  to  normal  vigour.  J  should,  of 
course,  like  to  know  what  the  backward  movements  really  mean.  They 
are  not  to  be  confused  with  the  normal  backward  run  of  G  1)  inches  before 
defalcation,  which  is  doubtless  in  part  an  instinctive,  adaptation,  to  avoid 
filing  the  nest,  though  perhaps  also  with  some  internal  functional  import. 

Omega  in  its  third  clay  was  lighting  with  X  of  two  days,  cowered 
down  into  a  corner  when  1  hissed  vigorously  :  it  was  far  more  frightened 
than  any  other  I  observed.  Again,  one  would  like  to  know  what  the  hiss 
corresponds  to  in  the  normal  environment.  The  same,  bird  Omega  fought 
on  the  same  day  with  Y  (a  clay  younger)  with  the;  bills  gripped  in  this  aclult 
fashion. 

My  observations  made  at  odd  times  in  a  busy  summer  session  cannot 
be  taken  so  seriously  as  the  careful  studies  by  Lloyd  Morgan  and  others, 
but  they  left  me  with  the  general  impression  that  tho  wild  bird  is  in  some, 
respects  more  endowed  at  birth  than  tho  cleverest  chick. 

For  instance,  while  we  know  that  Lloyd  Morgan's  chicks  would  gorge, 
themselves  with  useless  or  hurtful  things,  such  as  worms  made,  of  red 
worsted,  the  young  gulls  were  from  tho  first  judicious  in  their  eating. 
During  the  first  two  days  they  got  some,  of  tho  cotton -wool  of  their 
bed  into  their  mouths,  but  this  was  inevitable  ;  they  often  pecked  at  little 
pieces  of  dry  excrement,  just  as  they  pecked  at  any  conspicuous  spot,  such 
as  a  letter  on  a  piece  of  paper,  and  so  persistently  at  spots  on  the  saucer 
that  it  seemed  advisable  to  give  some  of  the  youngest  an  unspotted  saucer, 
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Once  or  twice  I  saw  one  peck  at  a  flame,  but  as  far  as  I  could  see  they 
never  swallowed  anything  injurious  or  useless.  They  would  test  particles 
of  tobacco,  fur  instance,  with  an  exceedingly  rapid  touch,  but  they  never 
went  beyond  testing.  The  same  was  true  of  young  coots.  I  tried  X  re- 
peatedly with  a  little  twisted  roll  of  paper  :  he  pecked  at  it  three  times 
after  much  provocation,  but  he  threw  it  away  each  time,  and  beside  this 
we  have  to  place  the  fact  that  they  ate  worms  in  the  garden  and  small 
insects  without  any  hesitation  the  very  first  time.  A  heavy  meal  of  a 
particular  sort  seemed  to  bo  followed  by  repugnance  to  the  same  food 
next  day  ;  they  showed  that  repentance  which  is  '  the  weight  of  undigested 
meals  ate  yesterday/  Thus  I  note  that  '  Alpha  and  Beta  ate  too  much 
fish  yesterday,  won't  touch  it  to-day,  but  take,  liver  freely/  and  similarly 
with  many  other  food-stuffs.  Noteworthy  achievements  were  catching 
a  ilying  insect  and  breaking  an  earthworm  into  three  pieces. 

As  to  quick uoss  of  learning,  1  observed  that  of  two  nestlings  who 
were  having  their  lirst  experience  of  food  in  a  saucer,  the  elder  after  some 
food  had  been  given  to  it  pecked  of  itself,  while  tho  younger  pecked  at 
first  only  at  the  bill  of  its  senior,  but  within  live  minutes  pecked  also  out 
of  the  saucer. 

As  to  sounds,  it  seemed  possible  to  distinguish  (ft)  the  peep-peep 
•uttered  before  birth  and  long  afterwards  when  they  were  not  completely 
•comfortable.  The  same,  is  heard  sit  the  gullery  when  the  mother  has  been 
oil*  the  n«wt  for  some  time  ;  sometimes  in  my  specimens  it  would  not  be 
once  heard  for  fifteen  minutes  or  more.  It  menus  cold,  hunger,  or  some 
discomfort.  (/>)  Secondly,  there  is  a  deeper,  more  adult-like  dissyllabic 
quack  uttered  in  excitement  before  food.  (»•)  Thirdly,  a  sharp  surprise 
<-ry  uttered  when  they  were  lifted  quickly  into  bright  liijht,  or  disturbed. 
(d)  Fourthly,  there  is  a  very  plaintive,  but  contented,  almost  sigh-like 
cheep,  often  when  very  comfortable. 

One  thing  the  young  "tills  seemed  to  have  to  learn  in  their  artificial 
environment  was  to  recognise  water  to  drink,  but  this  was  probably 
because  it  was  presented  to  them  not  quite  normally  -in  saucers,  glass 
vessels,  and  shallow  bath.  Although  thirsty,  they  would  walk  round,  or 
even  at  lirst  through,  a  saucer  without  using  their  opportunity.  As  \\  ith 
Lloyd  Morgan's  chicks  they  drank  if  they  got  their  bills  wet  by  pecking 
\\hile  standing  in  the  water,  and  they  also  dranV  when  thrown  into 
water.  Only  after  ten  days'  education  did  one  of  them  go  at  once  to  a 
dish  of  water  placed  on  the  lloor  and  drink.  I  conclude  that  an  artificial 
association  was  established  between  a  shining  surface,  and  drink,  for  I 
have,  seen  my  gulls  of  three  weeks  or  so  trying  to  drink  from  the  glass  lid 
of  a  pasteboard  specimen  box  placed  on  the  lloor. 

Another  general  impression  I  got  was  that  the  kin-instinct  is  strong. 
Then1  seems  to  be,  oven  from  within  the  eijg  a  responsive  piping  to  thost* 
outside.  On  tho  lirst  day  Beth  tried  to  make  towards  Aleph  in  a  separate 
compartment  of  the  incubator  ;  an  older  bird  showed  the  greatest  com- 
plwence  towards  its  younger  companion  who  followed  it  about  and  often 
tried  to  snuggle  under  its  imperfect  wing  ;  when  one,  before  having  its 
lirst  bath,  tumbled  from  the  floating  cork  raft  into  the  water,  and  was  for  a 
moment  confused  and  screamed,  his  companion,  who  had  experience  of 
two  previous  baths,  jumped  after  the  first,  swam  to  him,  and  touched  him  ; 
whore  two  strangers  were  brought  together  for  convenience  of  warmth, 
there  was  in  one  case  amity  after  a  few  bill-peckings  ;  in  another  case 
they  were  not  seen  nestling  together  till  the  third  day  ;  in  two  cases 
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when  the  older  gull  had  taken  flight  into  freedom  leaving  a  younger  com- 
panion in  the  garden,  the  first  to  fly  returned  repeatedly  to  visit  the 
younger  until  it  also  flew  ;  adults  of  the  species  Hew  about  overhead 
when  the  young  in  the  garden  were  approaching  their  time  for  flight.  On 
the  other  hand,  a  winged  herring  gull  (shot  by  some  careless  person) 
which  lived  in  the  garden  displayed  not  the  remotest  interest  in  its  small 
congeners.  Nor  were  young  coots  interested  in  young  gulls. 

The  widespread  following-instinct  was  very  marked  between  younger 
and  older  ;  indeed,  to  find  one  in  a  large  room  in  the  summer  twilight  the 
quickest  way  was  to  set  loose  another,  and  it  should  also  be  noticed,  in 
confirmation  of  some  remarks  by  Thorndike,  that  one  of  the  young  gulls 
used  to  follow  a  little  boy's  bare  feet  persistently  over  the  lawn,  nestling 
beside  them  when  he  stood  still. 

Finally,  it  may  be  noticed  that  while  there  was  for  three  to  four  weeks 
great  tameness  and  familiarity  on  the  part  of  the  young  gulls,  the  wild  shy- 
ness and  suspicion  grew  quickly  after  they  were  able  to  rise  from  the  ground. 
The  species  is  of  course  migratory,  and  there  seemed  to  be  a  growing 
restlessness  towards  the  end  of  July,  but  this  may  have  been  prompted 
by  adults  who  frequently  flew  round  and  round  overhead.  It  was  note- 
worthy, however,  that  there  was  a  return  of  lameness  on  the  part  of  a 
younger  bird  after  the  flight  of  the  older.  It  was  even  seen  to  thread  its 
way  through  a  group  of  children  seated  on  the  lawn,  and  coolly  ap- 
propriate a  strawberry  from  one  of  the  plates. 

Chawjes  of  the  Ltttid  Lerd  of  thr  PltJeyrti'ati  Vieul*. —  /iVyw/.  of  a 
Committee  coiixistiny  of  Dr.  JI.  U.  Miu,  (ClKiirnwn),  Mr.  11*.  N. 
DICKSON  (Serretary),  Dr.  SCOTT  KELTIE,  and  Mr.  It.  T.  (irxTHER. 
(Drawn,  up  by  Mr.  11.  T.  GTNTHER.) 

WORK  was  commenced  soon  after  my  arrival  in  Naples  at  the  end  of 
June  1901,  and  is  still  in  progress. 

I  am  very  glad  to  be  able  to  report  that  the  material  for  investigation 
is  even  more  abundant  than  T  anticipated  when  the  research  was  pro- 
posed as  a  desirable  one  a  year  ago.  Many  of  the  so-called  rocks  and 
shoals  along  the  coast  of  Fosilipo  have  proved  to  be  really  artificial  con- 
structions, Roman  breakwaters  and  foundations,  and  walls  of  houses. 

So  far  as  I  am  aware,  these  constructions,  now  submerged  to  varying 
depths,  have  never  been  mapped  ;  nor  indeed  is  there  a  good  largo  scale 
map  of  the  coast  upon  which  the  submarine  antiquities  could  be  plotted. 
I  have  therefore  had  to  devote  a  good  deal  of  time  to  the?  preparation  of 
a  new  survey  of  the  coast  line  before  beginning  to  map  the  adjacent 
portions  of  the  sea  bottom. 

The  sites  to  which  I  have  devoted  most  attention  ure  : 

1.  A  triangular  area  inside  the  Pietra  Halata,  south  of  the  Capo  cli 
Posilipo.     Here  the  remains  of  a  large  house  or  houses  have  been  dis- 
covered. 

2.  The  ancient  harbour  of  Marechiano,  famed  as  the  traditional  site 
of  Pollio's  fish  tanks. 

3.  The  Gaiola  region  and  Trentaremi  Bay.     To  the  north-cast  of  the 
Gaiola  is  a  Roman  harbour,  which  seems  to  have  altogether  escaped  the 
notice  of  modern  archaeologists.     It  is  sheltered  on  the  .south  by  a  series 
of  piers  (now  entirly  submerged)  very  like  those  of  the  Roman  harbours 
of  Nisida,  Pozzuoli,  and  Misonum. 
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It  is  unfortunate  that  this  material,  being  submerged,  will  take  a  long 
time  to  work  out  completely  ;  were  it  above  water  a  clear  idea  of  its 
significance  would  bo  sooner  obtained. 

So  far  as  the  work  has  gone  at  present,  it  tends  to  show  that  the 
land  level  in  lloman  times  was  about  15  feet  higher  than  at  present ; 
that  there  was  a  road  all  along  the  coast  of  Poailipo  underneath  the  cliffs  ; 
and  that  this  road  was  lined  by  numerous  houses,  most  of  which  have 
been  washed  away.  These  points  and  others  will  be  shown  on  a  map 
which  is  in  preparation. 


The  CHiwilohtju  of  Afrlw.  —  Tfnih  mul  Final  7iVy/o/«/  of  a  Committee 
cuititirfiiHj  uf  Mr.  K.  tr.  RAVKNSTKI\  ((7//.////-/////./f),  Dr.  H.  K.  MILL, 
ami.  Mr.  II.  X.  IJinwoN  (tircfctafit).  (I)  mm  vp  ht/tlieCIm'u'nuui.) 

METKOROLOCICAL  returns  have*  been  received  by  your  Committee  in  the 
course,  of  last  \ear  from  twenty  one  stations  in  Africa,  including  Asiut  and 
Omdurman  :  Old  Calabar;   Ulantyre,    Lauderdale,  Fort  Johnston,  and 
Nktita  JJay  in  Nyasaland  ;  Kisimayu,  Malindi,  Lamu,  Takaunga,  Mombasa, 
and  Shimoni  on  the  coast  of  .British  East  Africa  ;    Machako's,  Kitui, 
Nairobi,  and  Kikuyu  in  tlie  interior  of  that  Protectorate  ;  and  from  the 
four  lake  stations  in  Jtaganda.     \Ve  are,  moreover,  enabled  to  give  the 
results  of  seven  years'  observation  on  the  rainfall  at  Mengo  (B  Uganda), 
taken  from  the  unpublished  journal  of  the  late  Mr.  A.  M.  Maekay.     A 
table  giving  the  rainfall  since  1  Sl)0  at  a  number  of  stations  has  been  added. 
Since,   the  appointment   of   your  Committee  in   1891  meteorological 
reports  from  as  many  as  seventy-one   African  stations   have  been  pub- 
lished through  its  agency,  and  it  may  safely  be  asserted  that  many  of 
the  more  valuable  of  these4  observations  would  never  have  been  made  or 
become  generally  available  had  it  not  been  through  our  act  ion.     Amongst 
these  stations,  however,   there  are  only  lifty-six  the  records  of  Mhich 
embrace  a  full  year,  and  ele\en  from  which  we  have  received  full  returns 
for  at  least  live  years.     These   latter  ur«   Lauderdale,  Dunraven  (rainfall 
only),  Kisimayu,   Malindi,   Lamu,   Taknimga  (rainfall  only),  Mombasa, 
Chuyu  (or  Shimoni  in  Wanga),  Machako's,  Fort  Smith  (in  'Kikuyu),  and 
Mengo  (Namirembo  and  Ntitete).     Among  stations  having  a  less  extended 
record,  but  distinguished  for  the  care  with   which  the  observations  were 
taken  and  the  interest  attaching  to  the  results,  are  Bolobo  in  the  Congo 
State.  (3:|  years)  ;  Xomba  (4  years)  and  Fort  .Johnston  ('JiS  months)  in 
JS'yasaliuid  ;  Kib\vexi(18  months)  in  l»ritish  Ivist  Africa  and  Old  Calaliar. 
We  should  also  refer  here  to  the  high  value  attaching  to  the  observations 
on  the  lake  lo>el  of  Victoria  Nyanza. 

A  summary  of  Dr.  Livingstone's  meteorological  work  during  his  last 
journey  (1860-71)  will  be  found  in  our  report  for  ISIU. 


In  Ef/yjtt  Major  Lyons,  Director  (Jeneral  of  the  Survey  Department, 
is  gradually  pushing  meteorological  stations  into  the  Sudan 

In  M't/ttMlawt  the  scientific  department  has  been  organised  by  Sir  H. 
Johnston  and  placed  in  charge  of  Mr.  McClounie,  an  able  and  zealous  officer, 
who  during  a  recent  visit  to  Europe  has  availed  himjsclf  of  opportunities 
<>ttered  to  gain  a  competent  knowledge  of  the.  working  of  a  thoroughly 
equipped  meteorological  observatory.  Xomba,  the  headquarters  of  the 
Protectorate,  will  soon  take  its  place  among  stations  of  the  first  order,  for 
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it  is  now  fufriish&d  with  a  thermograph,  a  barograph  (specially  designed 
for  a  considerable  altitude),  an  anemometer,  and  a  Whipple-Caselle  sun*, 
shine  recorder.  Fort  Johnston  ranks  as  a  station  of  the  second  order, 
and  it  is  proposed  to  establish  similar  stations  tit  Chinde  and  at  one  of 
the  lake  ports.  In  addition  to  Lauderdale,  where  the  representatives  of 
Mr.  J.  W.  Moir  continue  his  work,  Zomba,  and  Fort  Johnston,  there  are 
ten  climatological  stations,  and  rain-gauges  have  been  set  up  in  many 
places.  Quite  recently  ten  hygrometers  have  been  ordered,  for,  as  Mr. 
McClounie  writes,  '  cacao  is  to  be  experimented  with,  and  to  think  of 
growing  such  a  product  anywhere  we  must  have  some  idea  of  humidity 
and  saturation.'  The  registers  are  kept  in  conformity  with  our  *  Hints.' 
The  results  are  published  monthly  in  full  as  a  supplement  to  the  '  British 
Central  Africa  Gazette  '  and  freely  distributed. 

In  Jirltitsh  East  Africa  instruments  were  supplied  in  1891  by  the  Late 
Imperial  British  East  Africa  Company,  and  it  does  not  appear  that  fresh 
grants  have  been  made  since  or  breakages  made  good.  The  earlier 
records  appear  to  have  been  lost,  but  a  summary  of  all  that  could  be 
saved  up  to  1893  has  been  published  by  the  Chairman  of  your  Com- 
mittee.1 All  that  has  been  done  .since  will  be  found  in  the  '  Reports '  of 
your  Committee,  the  original  '  Registers '  having  been  kindly  communi- 
cated by  the  Foreign  Otlice. 

In  July  1895  Dr.  A.  D.  Mackinnou  proposed  to  H.M.  Commissioner 
for  Bug aiida  the  establishment  of  at  least  three  fully  equipped  meteoro- 
logical stations,  there  existing  at  that  time  throughout  the  Protectorate 
only  two  r.ili:  1:1 'n!1  ••.  in  addition  to  a  few  instruments  in  the  hands  of 
the  missionaries.  These  sets,  including  mercurial  barometers  and  anemo- 
meters, were  granted  by  the  Foreign  OHice  in  May  1896,  and  supple- 
mentary grants  have  been  made  since.  When  Sir  H.  II.  Johnston 
arrived  at  the  close  of  1899  ho  found  Mr.  Alexander  Why  to  at  the  head 
of  a  scientific  department,  and  he  induced  the,  Foreign  OiHce  to  appoint 
an  assistant  (Mr.  J.  Mahon),  who  should  attend  more  particularly  to  the 
collections  and  the  tabulation  of  meteorological  information.  Meteoro- 
logical stations  have  now  been  established  at  Naivasha,  Baringo,  Eldoma 
Ravine,  Kisumu,  Mumias,  Jinja,  Fort  Thruston,  Kampala,  Ntebe,  Fort 
Stanley  (Sese  Islands),  Masaka  (Buddu),  Fort  Portal  (Toro),  Mbarara 
(Ankole),  Hoima  (Unyoro),  Wadelai,  and  Gondokoro. 

Such  of  the  instruments  originally  issued  by  us  which  have  not 
become  unserviceable,  been  lost,  or  been  otherwise  disposed  of  have  been 
left  in  the  hands  of  trustworthy  observers,  with  a  reversionary  claim 
upon  them  by  the  British  authorities  within  whose  territory  the  stations 
are  situated. 

Your  Committee  have  likewise  published  *  Hints  to  Meteorological 
Observers  in  Tropical  Africa/  which,  they  are  happy  to  say,  have,  been 
made  widely  known  and  freelj  accepted  by  observers.  Copies  may  bo 
obtained  on  application  to  the  Secretary  of  the  Royal  Meteorological 
Society. 

The  registers  received  by  your  Committee,  and  not  claimed  by  the 
observers,  have  been  handed  over  either  to  the  Meteorological  Council  or 

1  'Report  on  Meteorological  Observations  in  British  Ea-t  Africa  for  1803.' 
London:  G.  Philip  &  8on,  1894.  Persons  interested  can  have  copies  gratia  on» 
application. 
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to  the  Secretary  of  the  Royal  Meteorological  Society,  and  may  be  freely 
consulted  by  persons  interested. 

Your  Committee  are  under  no  illusion  as  to  the  merely  conditional 
value  of  many  observations  published  by  them.  The  index  errors  of  the 
instruments  were  unknown  in  many  instances  ;  the  hours  for  making 
observations  were  injudicially  chosen  ;  the  observers,  owing  to  illness  or 
official  duties,  were  frequently  unable  to  fill  up  the  registers,  and  there 
was  no  one  to  take  their  place  ;  or,  worse  still,  they  had  absolutely  no 
knowledge  of  the  manner  in  which  the  instruments  entrusted  to  them 
should  be  handled,  and  placed  readings  on  record  which,  on  the  face  of 
thorn,  am  utterly  absurd,1  and  must  unhesitatingly  be  rejected. 

Your  Committee,  on  bringing  their  ten  years1  service  to  a  close, 
desire  to  direct  the  attention  of  the  authorities  called  upon  to  organise  the 
meteorological  service  iu  British  Protectorates  or  Crown  Colonies  to  the 
following  points  :— - 

1.  The  instruments  supplied  should  not  only  be  verified  before  they 
leave  England,  but  should  also  be  inspected  periodically  by  a  competent 
oflicial,  who  would  pay  particular  attention  to  their  exposure,  inquire 
into  the  competency  of  the  persons  charged  with  filling  in  the  registers, 
and  eventually  teach  them  how  to  observe. 

"2.  Inasmuch  as  all  officials  may  occasionally  be  called  upon  to  fill  up 
the  registers,  they  should  be  instructed,  before  they  leave  England,  in 
handling  and  reading  the  usual  meteorological  instruments.  An  hour 
spent  at  the  office  of  the  .Meteorological  Council,  or  with  the  {•Secretary  of 
the  Royal  Meteorological  Society,  would  suffice  for  that  purpose. 

3.  It  is  of  far  greater  importance  to  have  a  limited  number  of  stations 
well  equipped,  and  the  registers  from  which  can  be  thoroughly  trusted, 
than  a  multiplicity  of  stations  provided  with  defective  instruments,  care- 
lessly or  intermittingly  attended  to. 

4.  Care  should  be  taken  that  there  should  be  no  interruption  in  the 
records  kept  at  the  principal  stations  owing  to  the  illness  or  temporary 
absence   of   the   observer.      Duly   qualified   rative,   assistants   could   be 
obtained  from  the  Meteorological  Department  of  India. 

5.  Tt  is  most  desirable  that  the  hours  of  observation  recommended  in 
our  *  Hints'  should  be  strictly  adhered  to,  not  for  the  sake  of  uniformity 
only,  but  mainly  because  they  yield  a  true  mean  of  barometric  pressure, 
temperature,  and  humidity  without  making  undue  or  unreasonable  demands 
upon  the  time  of  the*  observers. 

G.  Unless  local  provision  is  made  for  the  adequate  publication  of  the 
observations,  the  registers  should  be  forwarded  (through  the  Foreign  or 
the  Colonial  OUico)  to  the  Meteorological  Council,  or  to  the  Secretary  of 
the  lloyal  Meteorological  Society,  in  order  that  abstracts  may  be  prepared 
and  made  generally  accessible  to  meteorologists  and  others  interested. 
Still  better  would  it  be  if  an  annual  volume  containing  all  these  observa- 
tions were  to  be  published  separately.  * 

1  Not  infrequently,  as  pointed  out  by  us  in  publishing  these  observations,  the 
wet  bulb  and  maximum  thermometers  jjive  higher  readings  than  the  dry  bulb  and 
minimum  thermometers.  Nay,  some  of  these  observers  seem  to  be  ignorant  of  the 
decimal  notation,  for  they  enter  17'8  or  30'G8  when  there  Is  ng  doubt  that  17'08  and 
30-OfiH  ought  to  have  been  entered. 

1901.  C  C 
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Old  Calabar.    Lat,  4°  68'  TV.,  Long.  8°  17'  E.     Observers:  Dr.  E.  G.  Fenton  and.  Dr.  JRober 

Month 

I 

Temperature 

Kelative 
Humidity 

Vapour 
Pressure 

Bain 

Mean 
Max. 

Mean 
Min. 

Mean 

Extr 
Max? 

jmes 
~Miii. 

| 

1 

Heaviest 
Fall 

1900 

In. 
3C-08 
30*10 
•09 
•07 
•01 
•00 
29-99 

29-99 
•99 
•96 
•98 
30-00 

87-9 
82-9 
8M 
84-9 
88-4 
88-8 
8?0 

88-0 
91-3 
90-2 
90-9 
90-0 

7§-2 
75-9 
72-0 
73'4 
73-9 
72-6 
73-6 

71-7 
74-3 
74-2 
73-6 
75-0 

8U-8 
77-9 
77-1 
80-8 
82-3 
82-8 
81-9 

83-4 
86-5 
84-8 
85-5 
81'9 

9°3 
90 
86 
92 
91 
91 
89 

90 
94 
94 
93 
94 

71 
70 
70 
70 
70 
71 
70 

68 
72 
71 
71 
75 

Sw 

85-8 
88-2 
85-7 
83-6 
83-9 
83-G 

78-8 
78-1 
81-6 
75-8 
77-6 

In. 
•836 
•801 
•H08 
•820 
•793 
•8G3 
•812 

•784 
•884 
•8(53 
•858 
•814 

In. 
32-59 
|13'61 
6'39 
11-84 
9-38 
11-34 
1-32 

2-68 
0-69 
7-70 
11-01 
10-95 

No. 
22 
25 
15 
25 
17 
12 
1 

1 
5 

8 
10 
19 

In. 
5-01 
1-95 
1-35 
229 
2-24 
3-32 
1-32 

2'68 
0-23 
2'25 
3-31 
2-97 

July  

September      
October   

November       
December       

1901 

March     

April       
May        

Year       

30-02 

87-C 

73-5 

82-2 

94 

G8 

8L-1 

•824 

119-50 

150 

5-01 

The  mean  temperature  has  been  deduced  from  the  formula  ( 
formula  (7+J±_9). 


7+1  H 


i)  +  -  ),  the  mean  pressure  and  humidit; 


The  observations  in  other  respects  are  published  as  received. 

The  relative  humidity  at  7  a.m.  was  91'Op.c.,  atl  p.m.  it  was  CH-1  p.c.,  at  9  p.m.  87'2  p.c.    The  extremes  n< 
33  p.c.  on  January  27  and  95  p.c.  in  May. 


iMiiderdale,  Mlanje.    Lat.  10°  2'  &,  Long.  33°  30'  E.,  2,540  feet.     Communicated  by  John  1 

Mean  Temperature 

Temp. 
Extremes 

Mean  Temp. 
Wet  Bulb 

Dew 
Point 

Vapour 
Pressure 

Relative 
Uuinidity 

Eain 

Month 

.p 

^ 

4> 

•8 

ft 

9 

* 

ri 

03 

<0 

8 

6 

9 

6 

0 

fi 

9 

6 

9 

0 

>» 

Si  :i 

A.M. 

P.M. 

a 

bC 

W 

3 

A.M. 

P.M. 

A.M. 

P.M. 

A.M. 

P.M. 

A.M. 

P.M. 

g 

<s 
ft 

a* 

1900 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

111. 

111. 

p.c. 

p.c. 

In. 

No. 

la 

January  •               " 

1  " 

".  ••    87-8 

80-0 

67-5 

69-3 

66-5 

681 

650 

685 

90 

86 

19-23 

26 

4-86 

February             •"  -  '•  •     "  .  \ 
March               ."'••- 

.;' 

'    -    89-5 
87-5 

61-2 

65-0 
65'2 

67-3 
67-6 

63-2 
64-2 

65-5 
65-4 

592 
599 

627 
625 

87 
89 

87 
79 

9-65 
18-89 

16 
16 

2-24 
4-21 

April 

i 

87-9 

58-0 

62-0 

64'4 

60-3 

61-4 

523 

544 

84 

73 

6-74 

6 

2-35 

May 

79-9 

55'3 

60-6 

62-5 

59-0 

60-5 

•500 

525 

85 

81 

6-60 

13 

21  J 

June 

• 

76-2 

40-6 

55-3 

57-6 

J2-9 

60-5 

•397 

426 

79 

93 

2-22 

8 

0-74 

July 

•  * 

75-3 

51-4 

55-1 

57-9 

51-9 

541 

•386 

418 

78 

70 

0-67 

3 

0-44 

August  ' 

76-9 

50'1 

57-2 

59-4 

54-2 

47-4 

•420 

327 

77 

56 

2-20 

3 

1'2£ 

September          •    ••    V     "• 
October  .         ."*.•••  ,""  " 

V! 

••  :    851 

:•      95-2 

52-0 
57-0 

56-9 
64-5 

601 
65-2 

54'6 
611 

551 
58-7 

•426 
•537 

435 
494 

81 
72 

62 
52 

2-82 

2 
2 

2-7E 
2-3? 

November          "   "  "  •  '»  *3  •' 

•   i 

'    7    94-3 

60K) 

66-3 

67-8 

54-3 

64-7 

•fiOl 

•611 

80 

71 

8-94 

y 

5-44 

December          fv',"7 

1 

.    '     88'5 

62-0 

67-4 

68-3 

66-4 

66-7 

•647 

•653 

89 

80 

12'52 

15 

S!-6i 

Year  1900          "••s  '    •'  :" 

.1 

•     -•    95-2 

49-6 

62-0 

64-0 

59'9 

60-7 

•523 

•531 

82 

74 

93-59 

119 

5'4< 

1899         ..»••:-  V5 

!  •' 

•  '.'       99-8 

49-2 

49-2 

67-3 

587 

60-3 

•504 

•529 

84 

77 

128-14 

182 

8-5f 

„     1898          •    ^  •'*'••  •" 

.  • 

:•  i   95-o 

51'2 

51-2 

68-6 

59'6 

61'2 

•518 

•547 

87 

77 

158-87 

207 

9-6J 

,,      1897              •     -      ll!" 

'2 

,:.  -   991 

47-3 

— 

—  , 

— 





— 

« 

79-01 

157 

3-9i 

"      1896          -!4  5  »*•«•<"••.' 

•12-7 

71-4  100-4 

51'0 

— 

— 

— 



«_ 



_ 

— 

108-15 

161 

6-0; 

„      1895          f'rt-W  '•^••'  ^'-1 

i  '-  -' 

:•••:?    98-8 

i 

51-5 

60-5 

64-0 

58-4 

61'5 

•494 

•552 

82 

78 

131-72 

194 

12-41 

Mean,  1896-1900|  — 

78-9 

62*2 

|70-5 

97-9 

49-7 

- 

- 

~ 

- 

- 

- 

- 

- 

113-55 

165 

6-5! 

1  The  mean  temperature  is  assumed  to  be  the  mean  of  the  max.  and  min.  temperatures,  and  is  about  1°  too 
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Jtort  Johnston,  Kyasaland.    Lat.  14°  28'  A,  long.  35°  15'  K.t  Alt.  IJBIM/eet  approx. 


Month 


I  189H 
i  Jauunrv 
j  February 
,  March  . 
•  April  . 
JMay  . 
.  .Inuc  . 

,  J«iy   . 

j  August 

i  Septt-mhi-r 

I  (totolMT 

I  N'ovcmhiT 


Bnrometor 

(OOrrpCttll   j  i 

for  milox     ,. 
error  uul) )    M^n  jj1*11  MI 

r 


i 


Lr-J 

Year  1H!»M     | 


In. 

2h'i»19 
•IH9 


MW5 
•723 


•5:11 

•170 
•1H5 


i 

|   8*5  i  71" 

Ki!-7  fi'»-2  757 

87  9  «9 ,"»  7t>  1 

xi-ti  r,.V9  '  73-y 

Kl-2  110-2  71-2 

78- ft  57'7  Mi  7 

i  79  I  5fi-7  (it!  (\ 

HI  H  5I.-2  f.7'2 

K97  '  til-7  71  K 

,  9(59  ;  «5-ft  811 

993  ,  71-K  KS-9 


09-0      HU-9     105  0 


!  Ill 

92:9  i  07°-ft  '  72°« 

9141  6t5-H  '  flP  7  '72* 

91-5  ;  «5-5  71  I  -  '709 

94-7  J  (SOD  1  «7-t  -G7H 

90*9  I  5*i>  (rj-J  -5tiO 

H97  ,  61- ft  i  57-0 

K7!>  '  5TK  !  505 

90  0  4'J  ft  65-2 

9G-0  ,  53  ft  i  «2-U  "5WI 

105  9  t  »;o-0  ,  G7"2  ,  'Mift 

103  H  '  6IJ-8  :  (iS-ti  i  -70S 

J  I  C9-8  '  '72l» 


•431 
•IS«  . 
•136  I 


79 
Ht 


71 
71 

05 
62 
02 
69 


In. 
751  ' 

H-tiR 

OH;»  ' 
C15 
oil 
o-»7 

11(12 
0-27 
0-04  , 
042  i 
2'Oti 
9-36 


No.  |   Ti 

23    j   1-14  i  6-7 

H       223  6-7 

1H       1  77  6-6 

13    '•   3-46  !  6-4 

U'll  3  1 

0-11  I  c-2 

,   001  '  6-1 

'   0-14  4-9 

004  3-S 

021  !  30 

0-Kl  C7 

I   1-72  7-3 


_    i 


I' 


|          -r>7:i      i  f»7-ft  j  f,|-;,      71-4       —    ,    —    |   G-t-7  •   '«27  I    73      4201     107    \  2'23  ,5-5        ^    I 


Jiinuurv 
IVhriury 
M,in-li/ 
Apiil    . 
Mav     . 


1000 

.lainiiiry 
Foliru  Try 

(  April '  ! 
1  May  . 
I  .Fuiu-  . 
;  Octolnr 


2H-:»(>2 


2S-S10 
S)i; 


2.s;»;ii 
•197 


i  h7-ft  j  f,i-;,  71-4 

"! 1 " 

93  fi !  r,7-:r  7'.»2 

MK  7  «i7-U  71*1.! 

9()1  M>-l  791 

H«-5  115  1  — 

77  ft  5.1 ;» 

Kl  h  ftti  1  ~ 


100-9      C2-1      GO-5  !   '715       71 


UNI  2     «43     7(»  7  ' 


•74H 
•741  . 


93" »  5'MI 

S.'»  0  4'»-0 

htMl  .{9-0 

hftO  5*0       -         —     |     — 

I   91-1      6H3      Wi-5      HHO  f,r,-n      74f,      -Hft^       81 

HI -ft      071      779      9HO  t,.V5  '   7l"9      •«')'»  !    79 


<J7  3 

91-3     rs  i  so; 

H',»-ft      l.'J  fi  79-5 

H.I-  i     :.i.  1  7  j  5 

71M  S21     10 1 7 


9h  9   ; 


'»39' 


!>:>  ii     (i-j  o 
9 ;  o     f»s  o 

9'iu      62-u 
nft  2      .',«» 1 
fi.VH 


71  s 
703 
1,4*0 


"ii  2 

so-2     nui     «IH     71  :> 


•713 

•59h 


711 
•7^3 


i«n 

1217  ! 
(>  \<\ 
\\  \.\ 

o  as 
i  ooo 

11-37  ' 

3  <;.> 

,   0-07 

017  ! 
,  (i  01 

OIHI  ' 

2'W> 
M7 


8  I  0-72  4-7  i  2*7 
2n  '  3-33  .   VK  '  JU9 
13  '  !•*••  4-8  '  246 

9  1-27  ;    __  2i?0 
ti  ,  0 10  ,    _  '  2»»2 


2-34  5-7  - 

I'lo  5-2  — 

U  «»9  4-0 

0-04  2-3  '    ~ 

0 15  .l-il  — 

0-ui  30  _ 


0  1)5      3  S 
1-251   42 


269 
279 


FwtJahmtoit.—'Thv  mrun  trinpi>r.itiin>  i-  ilMiifpil  from  tho  foinnila  ' 
iNininii'ti-r  is  rorn-cttil  lor  iu.lcx  ormr  but  jiot  ro«lu<-o«l  tn  32°  K. 


.-» 


;  tho  humidity  from      !J     .   The 


^  "  -  ' 


' 


^a^a^sw^iXo^ 


C90 


REPORT— 1001. 


Mvmbasa.    4°  4'  *V  , 

39°  42'  JR. 

60  feet. 

Obserrer  :  J.  W.  Tritton. 

Mean  Temperatures 

Temp, 
in 

8, 

Hmmdily,9A.M. 

Ham 

•  A 

Pressure 

i 

•^  f,  £ 

Mouth 

otAtmo 
sphere 

9A.M. 

*  '  '  *»  a  '  a  • 

«.j*2.aa 

a  j 

£  a 
S» 

i! 

Highest 
Lowest 

I 

1  "£ 
%3     Is 

i  ^£ 

1  Relative 
Humidity 

j_ 

1 

I* 

III 

1900      !     In. 

1 

\ 

o     i    III. 

r.c. 

In. 

No. 

In. 

No. 

January 
February 

29-831 
-816 

830 
81-9 

808   ,  87-0 
828   ,  87-5 

82-5 
82-7 

84-7 
85-1 

88  '  80 
BO     70 

4-5 

48 

HJ-2     1-096 

93 
91 

4-09 
2-23 

7 
5 

1-05 
1-05 

i; 
u 

March 

•874 

84-9 

83-3   :  S7  7 

68-1  l 

77-91 

98     60l 

8-<i' 

82-8   I  M20 

95 

6-62 

11 

2-112 

l.i     ; 

April 

•879 

85-3 

836   ,  877 

85-3 

865 

90     82 

2-1 

831    ll'lMO 

91 

2*64 

8 

1-35 

5 

May  .              '928 

818 

81-0   •  81-,r> 

81'5 

83-0 

87     81) 

ii-o 

81T)   '1-074 

U(» 

1807 

l«'j 

5-10 

(i 

June. 

•946 

79-7 

78-1   i  82-4 

80-3 

81-3 

81  '  79 

2-1 

77-5     0-942 

95 

2  53 

10 

060 

10 

July. 
August 

•963 
•959 

78-9 
79-2 

77-2   ,  81-9 
77-5   ,  81-4 

80-1 
809 

810 
81-1 

8(5  '  79 
83  l  79 

18 
0-5 

76-6   ,   -9U 
769      "J22 

95    •   6-13 
U5    !   M5 

15 
9 

1-12        « 
0-50  1      S     ' 

September 

•947 

80-7 

79-2   .  82-8 

H2-2 

82-5 

85  '  81 

06      700   '   '988 

98    -   2.14 

8 

105 

2     . 

October    .       -870 

81-8 

80-2      83'4 

82-9      83  2 

85  ,  81 

0-5      79-7     I'Oll 

115        l>'22 

9 

b     I 

November 

•817 

83-2 

81*6    '  85-1 

81-3 

88  ,  81 

1-6 

81  1    ,  1M59 

'.'5        5  44 

9 

!•«,') 

December  . 

•786 

83*5 

81-4      85-4 

81-2      818 

87  !  82 

12      80-8   ,1-017 

91    j   3-8(5 

8 

1-07  1    10 

Year  1900   '  29-887 

82-2 

80-5      81-7 

81-2 

859 

1  98     GO 

.55   !  80-0     1-026 

9,'i      til  '66 

114 

5-10 

Hi) 

„    1899 

•911 

81-7 

79  4      83-9 

78-6 

82-3 

90  ,  73 

7.1      7H5   '   '974 

90      35-16 

1)4 

2  <  8 

i     — 

„     1898        -889 

81-4 

78'5      81-5 

76-2 

80-3 

87     09 

8-4 

75  9        946 

88      S.V001 

ll'.l 

2  SO 

" 

„    1897 

•904  i  80-7 

77'0   ,  M'2 

75-1 

79  ;; 

88     71 

78      75-6   !   '886 

H5    '  S2  56 

42 

o.)0 

„     1896  '      '906      803 

75-6    ,  *2  9 

758   |  793 

89     70 

7-1      7.5  8       -H32 

81       0521 

114 

131 

Mean,  1896- 

i 

1900.       .    29-899      81-5 

781   •  81-2 

774 

HI  t 

90  '  71- 

68      77  9'  '  '909* 

8tr     17  5»2 

</ 

'!>  10 

'• 

Mombasa—  All  i  catlings  h.ivo  been  eonecuti  tor  iiibtrunirntal  enor,e\«Tptinir  tlio-*  oi  the  lunniiuti-i, 

thcu'coiiU 

of  \\hich  have,  however,  been  reduced  to  32°  F.  and  to  standstill  gravit>  m  Lull. 45°.  : 

1  The  reading  of  the  minimum  th<  rmoraetor  ilnmifr  Van-li  should  In-  rejectM     On  in  ihi.v-*  the  max.  and  mm.  , 
temperature  i*  stated  to  luive  been  the  MIIUC,  ami  on  4  ifcij*  thr  rain.  temp,  i*  i-ntrnil  a-  h.iviiitf  i»\ivcui*l  the  max.  i 


"Omitting  the  \ettrl90H. 

Vnrth  (Ntim.iti'd. 

/joint.    ti°  N  ,  Lo  ay  41 

l"  /' 

Skimoti  (  Wanga).    4°  ,">B'  &,  3i»°  2  lf  E. 
Observers  :  M.  G.  Cfirralko,  K  11.  L.  Murray^  and  the 

Obtcrrrn:  A.  A',  /ta/rrt,    \\allace 
Jfhil'c.  J  J.  Anthmon. 

late  K  11.  Jfutsell. 

- 

Me'.n      ;  Jlnra 

dityUA.M. 

.     Humidity,     ,           J{ 

Temp. 

9  Ik  M.         ' 

»           Mean   i        9  \  M.        i 

Month       .^^ 

is  £•    Jll  t:' 

\      Pratt 

[HltTlC     Tgnni 

s  5    £*3| 

Month    j   rn* 

sure        9A.i!    ~"  Vfc    fc£      S    ,       •  1? 

i               "       £? 

£•  '    jj  S 

Ss=    |5    Si     2       >.    '** 

1       C'      ,     .^      !        -*• 

>^    ^2  • 

^^*i-s£     i     «     i'« 

^      i     •" 

9AM 

3  i-ji  Dry  Wet        j  ^  S    tf  «     <              S 

15)00             '       ,      " 

Jn.     Pr1 

1 

January   .     Kl''»     h"'r>      7*>2 

•9!)5      SH  i 

1POO          In. 

rH.rn.irv     •   Ml-7     Hl-7      811  7 

1(117     91   ! 

January      29-882 
February         -865 
March            -909 
Apnl               -908 
May  .             -914 
June.            -957 
July  .          30-029 

23818  81-4  81  2  8«)2'  1-H28    90      2-8,1)       S      I'HO 
•81.1    Hl-5  82  S  81  -Ji'  l'«»H7     91        -h'J       li        -7<> 
•813   81'182381't)   1  07«    !)l      3'lfi       7      l'H7 
•811   81l7'>'57sy     -wi    «»]      2-98       9      I'SO 
•815   790  77-1  7CX     '921    1»S    21-15     25      4",)2 
•860  76-3  74  !»  74'4     -K48    95,4-17     11      Hf> 
•966    76'b  75*1  71  ft     -K5,'{    i).1)  '    5'lHi     21       1-30 

March  "        ^m     w»s     795 
April             s.!0     bl  ••     81-0 
MiLV  .               !*'»•»      <M"  H      79-9 
Juno              «I  1      7si,      77-7 
Julv.              79  "•     Ti'i'l      7t-8 
AnjfU  t           7ft  y      7i»"J      7.")  .5 
Sipn-  iher     791      771      76-1 

1  on::    H; 
1  n.r)7    !U  - 

1  IIP.I     02 
U'JW     U2 
•htJ'J     S!) 
•873     1«) 
•9U7     94 

August          -Oil 
September      -010 

•970   75'9  74-H  7f5     'Hft.J  ,  97  '    282     1«        '50 
•969   76-5  7b-l  7<iO     'H!»7    ii'.i      2'-f>       8      1-15 

N(i\e  ihir      hiu     HI:  s      H2  1 

1  IN  HI      Hi 
11%      % 

October   .  29*979 

•920  '79-0  7?8  7?  1     ".M    1»6      3'«9      8       -75 

l)cjcei  In  r.     8l'5  t  S2  t      ^1*7 

1  OK2     9  1 

November      *906 

•945   80-979-879-1    1  1)03    JH      S'66     12      I!  Oil 

December.     -878 

•835  81-180-0796  1-010    98      1'58     U        -3U 

Ve.-ir  I'«H)       8:'  5  '   79-9      7'H) 

•O'JI      !U 

-                   . 

.  _  .        

„     IH'i'i       M"J      7il.«      7S-1 

•970     8« 

Tear  1900    29-940  29-878  80-0  78  5  77  »     '958    95    r,9'7«   120     4  U2 

„      IS'IH        S'J-0       7S-J       7l,'K 

".122      81 

„     1899       -943 

•879   76  6  77-7  77-0     '927    92    5251     «H      i-«,0 

„     lh'»7       H1-(J      7S-7      77'6 

•fl.M      8S 

„    1898       '901'    —     80-7  79-1  78-5'    -971    93  ,  27  W     85      y-w» 

„     1MUJ       820  ,    77  1      7.V7 

;  -8m;    81 

„     1897       -788 

—      81  0  79-1  71>  U     '977    »3    56  75   1W      4  W 

.  _  .              .          .    --    - 

1  

„     18%       -805 

—    |  80-  1  j  76-5  75-21    '874  (  85  «  56  57   111      ft  25 

1'iliii        .     8"M      7S  7  '    77  fi 

•Wll      Kfi 

j  Mean,  1890- '          I          .       I       '       j          !       I          i 

'  J1*??-—- 29'875 ' .-:  I79  7  78'2'  77'y   '°42 ' 01  ^':>6  1(l'{ '  fi  *s 

SMmom.— ' 


"  foritistnimpiitalcirnr 
diiiKd  are  tho^'  of  the- 

^lerinometer  attached  to  a  l>anjiucter. 
The  barometer  reading  have  been  rc-dueed  to  32°  !•'.  and  Lat.  45°, 
tut  not  to  sea-level. 


|  (see  Report  fir-    -  -  .    .      .        j 
thermometer  attached  to  a  hanuucter. 


Lb 


Limn.    The  liiinl.ill  tot  189!)  IH  [nittlv 
'  r-tinmled.    No  lainf.ill  oli*ervutloiii  lu\o 

ln"»n  niiuli1 1  iiwe  Si-lit  I'inlier  ot  that  jmr. 
j       Thr  nunfall  w.is  41  29  in.  in  I8yr, ,  .«  2S  , 
1  in.  in  1897  ,  l^'i)'.)  in.  in  I  HUH;  ubmit  1 1  ui. 
1  in  1H»H,  and  the  nifiui  (181MI-1900)  28  in.      ; 
i       Tin-  ItniTivst  fall  (H  2ft  in.;  uwururd  in  | 
1  April  1897.  ! 


ON  THE  CLIMATOLOGY  OF  AFRICA. 


391 


gu>  Lat.  3°  41'  A, 
Long.  39°  62'  E.  Ob- 
servers:  C.  F.  Braganza 
and  G.  H,  L.  Murray. 


Month 


1900 

January . 
February 
March 
April 
May 
Juno 
July 
August 
September 
October  . 
November 
December 


Rain 


In. 
0-71 
1-83 
5-23 
3-05 
26-15 
2-05 
379 
1-12 
2'3() 
6-40 
3-72 
111 


No.  In. 
0'47 
0-43 
4-16 
2-45 


0-68 
0-48 
0-27 
0'60 
2-72 
10  0-79 
6  0-40 


1900 
1899 
1898 
1897 
1896 
1895 


58-09  !  124 
33-15  116 
24-00  I  71 
54-40  104 
47-80  I  79 
35-71  G8 


Mean,  1896-1900   43-49    99     3'51 


Kisimayu.  Lat.  0°22'  S.tLong.W  33' E. 
Observers :  R.  0.  Farrant,  Wallace 
make,  md  E.  W.  Humphrey. 


Months 


1900 

January  . 
February  . 
March  . 
April  . 
May  . 
June 
July 

August  . 
September 
October  . 
November. 
December. 

YearlWO 
„    1899 


9A.M. 


29-920 
•876 
•992 

30-338 
•135 

29-957 
•914 
•959 
•997 
•936 
•810 

j808 

"28-972" 

•925 


flrf, 


9A.M» 


83-3 
83-5 
84-9 
85-6 
84-1 
80-1 
79-0 
79-4 
80-0 
80'1 
82'7 
_81;8_ 
82*0 
811 
80'8 


Bain 


0-48 

•03 

3-67 

3-17 

1-81 

0-10 
•04 
•00 

1-75 

J-82  _ 
12-87  |  31 
12-40  I  37 
10-91  30 


No.     in. 


5-43 
2-08 
1-75 
5-13 
3-27 
3-30 


~  The  readings  have  been  corrected  for  instru- 
mental error. 

The  barometrical  readings  have  been  reduced 
to  standard  temperature  of  32°  and  standard 
gravity  in  lat.  45°Lbut  not  tojsea-level. 

\~'jtituir~Lat.l°  50'  £'.,  Long.  3i 
gerrer :  8.  L.  Hinde. 


Observer*! 

W.  D.  tyfeft,£  6Mk£ 
son,  Louis  S...  [illegible]. 


Month 


October  . 

November 

December 

1900 

August  . 
September 
October  . 
November 
December 


Rain 


6-48 


Temperature 


Month 


Maltndi.    Lat.  3°  13'  £,  Long.  40°  7'  E. 
Observer ;  James  Wearer. 


.  Mean  i  M can 
,  Max.    Min.  I 


Ex- 
j  treines 


Mean  Temp. 

9  A.M. 

Humidity,  9  A.M. 

Rain         | 

Month 

Dew 

jjg  ||t. 

I 

"     1-  ' 

Dry 

Point 

*!  iw^ 

I 

ft 

g£ 

^fi 

K 

< 

W 

1900 

0 

o             o 

In. 

P.O. 

In. 

No. 

111. 

January  . 

8i'4 

78-3   -  7(5-1 

•899 

82 

0-87 

6 

0-35 

February 

85-2 

80-(i   i  791 

•092 

86 

•33 

2 

18 

March 

85'5 

80'»   !  78'tt 

•U75 

84 

•56 

4 

•30 

84-7 

80'3   !  7H-8 

•987 

86 

1-96 

(! 

•51 

May 

82-4 

79-2    :  7H'l 

•960 

90 

17-08 

14 

5-26 

June 

79'7 

76-5      75-4 

•876 

90 

1-84 

4 

0'73 

July 

78-4 

74-4      72'8 

•805 

87 

2-77 

6 

•66 

August 

79-3 

74-7      72-9 

•808   |    86 

1-72 

5 

•38 

September 
October  . 

79'7 
80-9 

75-2 
75'9 

73'9 
7i-0 

•834       89 
•838   !    85 

1-48 
2'80 

5 

7 

•67 
•60 

November 

80-3 

7?4 

76'3 

•906 

91 

3-68 

8 

1-32 

December 

81'5 

7?7 

76'4 

•907 

88 

2'47 

7 

1'43 

Year  1900 

81-8 

77-5  i  76-0 

•898 

87 

37-05 

74 

5'25 

„     1899 

81-4 

75-9 

73'8 

•833 

78 

3338 

102 

5-30 

„     1898 

81'7 

771 

75-4 

•882 

81 

14*44 

53 

1-65 

„     1897 

_ 

— 

— 

— 

—     58-001 

91 

4-85 

„     1896 

811 

78'0 

76'9 

929 

87 

58-60 

89 

4-36 

Mean  1896-1900 

81-5 

771     75-5 

•885 

83 

39-29 

82 

4-28 

1  Partly  estimated. 

1900 

July.  . 
September 
October  . 
November. 
December. 


j  77  !  52 
!  80     58 

;  78 


Rain 


In. 
0-23 
0-18 
13-81 
12-58 
14-55 


Fort  Smith,  Aikut/u.  Lat.  1°  14'  #., 
Zcwflf.  36°  44'  E.  Alt.  6,400  feet.  Ob- 
xerrer  t  Francis  G.  Hall. 


Mean   j 
Temp,  i 

9A.M.    | 


Humidity 

9A.M. 


Mouth 


Wet'Dry'lf 

Hfc 


1899 

January 
February 
March 
April 
May. 
June. 
July  . 
August 
September 


59-9  C5-5 
'fil'O  68-0 
'601  66-5 
G2'0  C5'0 
(JO'O  62-8 
55-3  67-6 
54'0  58-6 
54'6  57'3 
56'8  60-4 


56-5  -457 
56-2  ;452 
55-9  ,'466 
54'8  ,'429 


Rain 


In. 
0-29 
0-81 
2-54 
511 
4'79 

•07 
1-09 

•67 

•01 


""During  a  thunder  and  hail  storm  at  8.20  P.M.  Cffl 
Map  18  the  thermometer  dropped  13  degrees  inhal 
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Maoliato's,  Lai.  1°31'  £,  Long.  37°  18'  £.,  6,400/w*.    Observer:  \\\  Maclellan  Wilton. 


1900 
January 
February 
March 

ar. 

June. 

July. 

August 

September 

October  . 

November 

December 


Year  1900 


In. 
24-74 

•74 
•74 
•74 
•85 
•86 
•86 
•81 
•80 
•75 
•71 
•70 

24-775 


Temperature 


Humidity  9  A.M.  j        Bain 


!> 

MeiUl 

Mean 

Evtrpuie*   !  fcs 

UL 

Max. 

Mia. 

Max. 

1  wP"i 
Min.  j 

o 

Q 

o 

~~  i 

16-1 

737 

66-1 

79°2 

54  7  '  58-7 

>7'9 

75-1 

57-9 

787 

52-5  !  58-3 

56-6 

75-1 

59-0 

785 

54  1!  ,  CO  1 

55-8 

74-0 

592 

78-3 

56  1   ,  58'J 

53'9 

73-0 

56-9 

758 

480     67-S 

Jl-3 

71-0 

518 

7.1-6 

435  !  5V1 

596 

68-1 

52-7 

726 

479  '  53-( 

.0-6 

70-7 

53-1 

768 

42-9  !,  53- 

M-5 

74-3 

615 

783 

480  :  5.N 

B5-6 

77  2  I  57-3 

827 

530   '  55' 

66-2 

72  H  i  68  1 

76'8 

Ml1      58- 

1)5-4 

714 

58-7 

71-C 

56-1      59- 

G43 

730  15I.7 

82'7  ,  12-9  (  36- 

Us: 


•Bs'SSiiMa 

i|£»3&* 

iw»)*;i  l4?f«i»gl 

ii!i£!ii? 


k  "!l!lowl.gi 

IS  S         "  ~ 

13 


I  =  S 


9VM  .S" 


P.O..   in.  No. I  In  i  • 

77  I  8-17  i  17  l!N8  j  2'5  '  1-7 ' 

71  '  HMO  i  15  'I'?!1  311  ,  12i 

80  ,10-15  i  21  'frlli  7-5  |  12 
7'J  i  6-13  16  'l'M3  <i-8  1  I  i 

81  •  .V89  |  13   1  60  ii-0  I  0-9 


5.VH   ;  -J15 


2  HUB!  7-8 

7  IMW  8  I 

(i  IW2  76 

U    -  7.1 


71  i  SliJ  I    H  15.5  111       M ' 

1%   'IS     Xtil      21  Kit  «'5       hi 

59-0     '5UI      hi  '  801   '  28  09.1  0  li       16 

-     '-     !  I        -     ' 

47)     775  5S.52   161  2'41  05    ,  1 .', 


Nacliuhfsi— continued. 


"f =?»«" OE  w 

W::ft& 
ftfjtffcft- 

I  ii's^aTi* 


'fflSSfi 


Freqncnc},  DiKH-tion  ami  Total  FOICP  (i'-OH)f  Winds  at !»  \  M. 


Month, 
9A.M. 


1900 
January 
February 
March 
April 
May. 
June. 
July . 
August 
September 
October   . 
November 
December 


NXK'N.K.K.N'.K. 


M 

FiV 

rr," 


11 


i   i 


1848 


4!  8  r,  i 


1      1,  5'  H   -- 


-i  • 


;  j*  S  K.  ' 


>.\V.  \\  .**  \\  .   \\ 


6121  i;  i 


t>     4 
0     :; 


11 


Tear  1000 


7   1 

5  -     -  111111- 

7      —     11 II- 

2;  2158   12     :.     725 11     1      J    -  -     - 

4  7     2     2  '•>  111     1     ]  -  -34     'J     J 

4  li     •!     i;  3     :>   -     -     1    2  —  --    «ll  - 
Sill      S   H    V     S     1     4    1    1 1    3     1     -j 

5  'J,    4     S   7    II   -      -     1    1  1      I       -    - 

-.-I        -!-' '  -I  6 12     8   12    I    Hi     I      3 

-      ! ,  1    1     l!    4   ft  ID     4,     t    1     h     1      I   I1   .1 

1   61    2     KS   G     3-    5I11:,     2     :$  .')   11     1     H   --  --         -     - 

2|  7,    H   19]  2(  4     2j    SJ  'A  G      l'    2  231212 

6^6^13  3o|js:jo  Uj  2l|  18  91    40,591,11110  21    IH  H  |U  3     31122     &     «.    2   2 


i     Xo. 


-       2 


G 

!»      I 
111      ! 

H 
12 

8 
10 

9 


II     1     1    102 


Kikuyn.  tibotd  Lat  1°  14'  ft,  -Vafefr,  near  Mmgo  (/fuf/um/n).    Lat.  0°  20'  .V,  tony  :'>*> '  :il>'  A',  4,000/M. 
long.  36° 42'  K,  B.4CJO/?.  Ohnrrier;  .!.  M  Maclmy,  Church  Muxwifrij  Unruly. 


Month 


Moan 

Tcin- 

peraturc ; 

I 


1900 

January . 
February 
March 
April 
May 
June 
October 
November  77-4 
December  75-7 


Rain 


S  A 


II 


IS  I 

-  921 


No. 


I* 


Tn.| 
l-5l| 
280;  ' 


Ftb.  . 
April 
June ' 


j 


The  observations  up  to  June 
were  made  at  the  Station  of  the 
East  African  Scottish  Mission 
(by  Bw.  T.  Wateon);  the  re- 
attainder  at  Fort  Smith,  2J  miles 
distant  from  it,  by  the  late  Fran- 
cisC.Hall. 


Nov.. 
Dec.  . 


Amount  in  Indir- 


Mmn  Moan 
Mu\.  Min 
Trai.  IVin. 


1S7'»,  1SS1 


2    1XS.5    1XHI I  ISS^IlhSt,  1S7!>  1S.M 

I        . 

.s    trxi  ii.'i2]  1 1'ili'ur,  n     ,1 

Jl.il    3  .Mi    .1IM,  5^.1,  12  l    » 


3i»L'    «•/«  3hV  11  ' 

4.5"!  ft7.{|.s,W'  n  , 


2  15    !il7|M,:i    15 


2'HK,  &'">!) 


2K1', 
1  04  I 


, 

,  1  7.)  ,  1  ill 

.  2  7«  ,  J-:!l) 

227,  r.'/ 


3!  H 
ij  r, 

U|  M 

13  8 

11  11 

11  12 

0 


;  I  5  ;i 
i ,  r>  ii 
,  »;  n 


\      5 

:i '  (> 

n  ,  B 

5  |  5 
5 
3 
5 

II  I  11 


872 


7H-3 


8fi-7 


81-2 


Ml,, 
59-'.) 
till-l 


5M 

57-8 
C18 


58-7 


Year.  15-57 J51-95  H91  41-22  lu-68  WM    —  114  '[109    97  ,  92     75  |  76  I  —    8'<8   59 OJ 

The  above  arc  taken  from  tin-  imiriinls  oi  tin1  late  A.  M.  Macknr,  Inoiiffht  t«>  KiiRhuid  !>>'  | 
Dr.  Junker.  The  tcinpniitnn-han>  the  inransof  Mlworrationi  maih*  brtwren  January  1881! 
and  June  1886.  They  Imvn  bi«n  rmm'tcd  for  Mippuwl  nuli-x  criom,  but  tin*  mean  maxima 
appear  to  be  Btlll  very  much  too  hi^li.  In  Novcriilx'r  1 885  tli«  tlii-nnoini-U'r  wait  removed  to 
the  north  aide  of  the  house,  tind  the  niran  miixlniiuii  at  oiict*  foil  from  9l'2°  in  <H'tot)or  to  83-4° 
in  November  1885.  The  mean  for  the  months  NovcmluTtn  June,  Ix'fore  t)u>  removal,  was 
84  5°,  after  the  removal  only  83  U°.  According  to  obM'rvutlons  iiiuilo  by  Hcv.  E.  Millar  ill 
1893,  tlipmron Loi  all  maxima  was  81-83,  that  of  aJlmimniiiBS'l0  (vc  Third  Heport).  
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Victoria  Nyanza  ZaJte  Levels  and  Rainfall,  in  Decades. 
Observers:  Jf\  Pordage,  1\  A.  Knowle*,  H.  Qalt,  8.  Spire,  W.  It.  Walker, 

Ntebe. 

Rain,  1900 

and  otn 

W8. 

•W 





3 

| 

» 

|g 

Xtebe, 
1899 

Fort 
Thruston, 

Ntebe  (P.  Alice),  1910 

Fort 

Eisumu, 

1 

& 

I8 

\       Decades 

.  . 

Thrubton 
(LulnvHs; 

on  Kavi- 
rondo  or 
Ngowe 

In. 

No, 

In. 

Rainfu 

11 

jjake 

Bay.  Lake 

Jan. 

2-26 

8 

072 

Lake 

Lake 

Lake 

Level, 

Level, 

Feb. 

4-23 

12 

2-W 

Level 

Level 

Level 



1900 

1900 

Mar. 

6-10 

14 

1-89 

Amt. 

Days 

Heaviest 
Fall 

Apr. 
May 

Tint 

13-54 
2-70 

K.Gl 

20 
13 

1-96 
0'93 

A.QO 

In. 

In. 

In. 

In. 

No. 

In. 

In. 

JUI1. 

•luly 
Aug. 

i)  Ol 

0-43 
2'90 

4 
6 

y  oa 
0'28 
1-25 

January,      T. 

+  3-00 

-0-7G 

-G-G8 

H4 

4 

0-75 

_ 

-  5-30 

Sept. 

8-43 

9 

1-51 

11. 

2-62 

-11)3 

-G-:$8 

1-12 

i 

0-G2 



-  5-85 

Oct. 

1-53 

11 

0-78 

III. 

2-67 

-1-31 

-6-12 

o-oo 

__ 

-  G-45 

Nov. 

5-99 

16 

1-36 

February,     1. 

3'67 

-2-81 

-5*88 

1-37 

fi 

0-63 



-  7-80 

Dec. 

12-51 

13 

2-10 

„    *     H. 

3-17         -2-36 

-5-38 

2-63 

;j 

2-50 

-  8-20 

nr. 

2-GG         -1-H5 

-51)3 

023 

a 

0-07 

-  4-67 

March,        T. 

3-04 

-2-36 

-5-33 

01)2 

1 

0-02 

-  ?80 

Year 

61-43 

138 

2'82 

H. 

2-72 

-2-98 

-5113 

2-77 

5 

1-1G 

-  820 

11  T. 

2-47         -:i-55 

-4'53 

3'ill 

8 

1-33 

—  . 

-  4li7 

April,          I. 

1  72         -:i-73 

-5-53 

1-81 

0-8.') 

There  can  be  no  doubt 

»»            II. 

1-82         -:Hi8 

-5-5:j 

6-87 

8 

1-9IJ 

— 

—  5*50 

that  the  lake  level  is  pri- 

III. 

3-97     1    -2-18 

-553 

4-80 

7 

1-50 

— 

-  3-90 

marily  infJuen 

ced  by  the 

May,            I. 

3'fil 

-2-48 

-  1-28 

1-01 

0 

0*93 

— 

I     -1-  075 

rainfal 

.    At 

Nteb 

e  the 

H. 

4-51         •}  0-32 

-5-03 

0-47 

1 

0-27 

— 

-  2-:i5 

level  rose  iu  the  course 

HI. 

4-22     !    +3-22     '    -4-58 

1-22 

G 

0-G2 

— 

|    -  2-94 

ot  1898  (which  was  a 

JllltP,               J. 

4-89          4-2-17          -4-28 

4-1-9 

1- 

2  82 

-19  18 

!    -  2-50 

year  of  abundant  rains), 

„             11. 

4'42     |     -0'28         -3'M 

1-69 

G 

0-HO 

-1KHH 

j     -  150 

but  in  the  course  of  1899 

III. 

4'65      '     —  1TJ          —  IM!) 

003 

2 

0-02 

—  1  S'5:! 

i    -  375 

it  fell  slightly  below  the 

July,         i. 

4-«)7     •    _;;-(i8         -3-03 

o-oo 

— 

-- 

,     -18-83 

•     -  5-50 

level  ol 

1896,  a 

ndii 

11900 

11. 

4-95          ~2-7:{         -2-5.'J 

0  15 

3 

01H 

-IS  88 

•     -  G-90 

it    fell 

a  further  7'G2 

III. 

3U  1         _2-93         -2-15 

0-28 

1 

0'28 

-18-80 

-  7-76 

inches. 

As    that 

year 

August,        I. 

2-17         -8-2:1 

-2-78 

11)0 

4 

0-.55 

1     -1878 

,     -  G-D7 

(19UO)was  one  of  fairly 

.,     '       II. 

-HK12        -12-18 

—  :i  23 

1-25 

1 

1-25 

1    -1K-73 

!    -  7-90 

abundant  rains  along  the 

III. 

-2  3D 

-  1:5-  19 

-4-12 

o  <;r> 

1 

0155 

•     -191)8 

:  -12-57 

RugalK 

ashore 

(61 

nches 

1  September,   I. 

-S-55 

—  l<i':»8 

—  5-s:i 

0  22         1 

0-22 

i     -20-43 

-10-10 

fell  at 

Ntebe)  we  are 

II. 

-4118 

-17-08 

-7-53 

31U 

I 

R'5 

-21-13 

:    -101J5 

bound 

to  assume  that  it 

HI. 

-G-58 

—  1  8  !)8 

-1023 

0-11 

4 

0-04 

-2143 

,     -  G-30 

is  not  local  rains 

which 

October,       I. 

-6-33 

-19-93 

-13M 

0-15    '      4 

0-05 

-25-28 

;     -151)5 

nnnrfifl 

tihlv 

nffoe 

t  the 

II. 

-7-13 

-21'78 

-1593 

0  35         3 

0-27 

-26-78 

-H-20 

level  of  the  lake,  but  the 

III. 
1  Xo\  ember,    1. 

-7-76 

-8-3H 

-22-13 

-17-21 

—  1808 

11)3 
1-53 

4 

5 

i'i? 

-29-21 
-30-18 

-1C  75 
!     -17UO 

precipitation  throughout 
its  vast  drainage  area. 

II. 

-8-88 

-18-7.1 

1-29         3 

0'7ti 

—  :>0'13 

-16-15 

Thus  an  abundant 

rain- 

III. 

-9-73 

;  -  19-M 

Ii-17         b 

1  ,"<! 

-30-63 

-  1«-90   i 

fall  al 

ms»  the 

Bu 

oranda 

December,    I. 

-9-53 

... 

-18-9H 

4-21         4 

Ilil 

-28  13 

I     -1.V97 

bhoru  would  be  neutral- 

„          11. 

-  8-5*3 

— 

-18-OH 

4-3S 

5 

2f  10 

-27-C8 

:   -lino 

i-ed  b 

•  a  def 

Icicn 

cv  in 

„        III. 

-0-48 

-IG-o:! 
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the  rainfall  in  the  south. 

Since  the  beginning  of 

the  pu 

sent  \ 

\\\r  ( 

1MI1) 

the  lake  has  risen  rapidly,  and  In  June  1  its  le\el  stood  24  im 

ie<  above  the  mean  level  of  1896.   Tlie  relations  between 

locnl  rainfall  and  lake  level  are  illustrated  by  the  following  facts  :-- 
At  Ntebe,  between  Mine  i  20-21,  11)00,  3-7  inches  ot  rain  fell,  and  in  the  course  of  April  13-51  inches,  yet  the  level  of  the 
lake  remained  unaffected,  the  heavy  local  rains  being  balanced  by  the  outflow  and  the  loss  by  evaporation,  or  deficiency 
of  rain  elsewhci  e.    Yet  in  the  COUIM»  of  May  the  lake  rose  ^loMlv,  but  steadily,  although  very  little  rain  was  registered 
locally.  Again,  between  December  3-54-21  inches  of  rain  fell,  \\bilcthelokeonlv  rose  half  an  inch.    Morn  remarkable  still, 

on  September  12  1-25  inches  ot  nun  tell,}  et  the  lake  level  actually  fell  halt  an  inch  '  The  other  stations  afford  similar  instances. 
The  wind*  exercise  a  decided  influence  upon  the  level  ot  the  lake.    There  me  regular  land  and  lake  breezes,  and 

Mr.  Macallistcr 

remarks  that  u  strong  S.W.  b 

reeyc  mill  eai 

se  a  ris< 

?  in  the  le 

u-l  of  the  lak 

c  to  a 

i  extei 

It  Of 

from 

1  to  3  Inches.   At  Fort  Thruston,  on  November  13,  a  severe  storm  caun-d  the  lake  to  rise  8  inchex   The  influence  of  the 

wind  could  be  eliminated  by  making  at  least  three  observations  daily,  and  which 

\\onld  be  preferable,  by  establishing  a 

self-registering  gauge.    Further  fluctuations  of  the  lake  may  be  produced  by  diffeiences  of  barometric  pressure. 
The  difference  between  the  highest  and  lowest  level  at  Ntcbe  amounted  to  19D  inches  in  1896,  16'5  inches  in  1899,  and 

17-50  inches  in] 

900.   The  (  xtreme  range,  as  far  a 

s  our  observat 

ions  cxt 

end.  has  bet 

>n  43-5  inches  : 

but  if 

the  lev 

el,  in 

1881, 

exceeded  that  of  1898  to  the  extent  ot  8  feet,  as  asserted  by  the  French  missionaries  ie  Bugandu,  its  amount  cannot  be  less 

than  10  feet. 

All  observations  made  at  Ntcbe  and  Fort  Thraton  (Lubwa's)  are  referred  to  the  mean  lake  level  at  those  stations  in 
1896.  On  October  1  898  Mr.  0.  W.  Fowler,  Superintendent  of  Marine,claims  to  have  adjusted  all  gauges  to  Port  Victoria  (where 
observations  ceased  to  be  made  at  the  end  of  July  1899).  I  fail  to  see  how  this  can  have  been  done  unless  the  three  stations 
were  joined  by  a  lino  of  spirit  levelling.   On  comparing  the  observations  mnde  between  October  1898  and  February  1899, 
as  recorded,  I  find  that,  assuming  the  level  at  Port  Victoria  to  be  -oi>0,  the  level  at  Ntebe  exceeded  that  datum  level  to 
the  extent  of  1-98  inches,  whilst  that  at  Fort  Thrustou  fell  short  of  it  to  the  extent  of  V89  inches.   Such  differences  in  the 
level  may  exist,  though  I  fail  to  see  how  they  can  have  been  ascertained.   From  all  observations  recorded  since  October  1898, 
36*53  inches  have  been  deducted  in  order  to  reduce  them  approximately  to  the  mean  lake  level  of  1896.  In  the  case  of  Kisurnn, 

however,  only  30-8  inches  have  been  deducted. 
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Victoria  Nyanza  Lobe  Levels  and  Rainfall,  in  Decades— oont. 


.  :iy  of  the  Victoria  Nyanzu,  it 

wo    .  •  >.  ••••'•  Irainage  basin,  and  to  establish  at  least  four  gauges  for 

measuring  the  level  of  tlio  lake,  and  to  connect  these  gauges  by  lines  of  spirit  level ;  a  consummation  most  devoutly 
to  be  wished,  though  not  likely  to  be  realised  for  a  considerable  time  to  come.  The  observations  should,  as  a  mutter 
of  course,  embrace  all  atmospheric  phenomena,  and  more  especially  atmospheric  pressure. 


Victoria  Nyanza.  —  Lake  Levels  and  Rainfall,  Monthly 

Ntebe  (P.  Alice) 

Fort  Thruston  (Lub\va's) 

Port  Victoria 
Kihiimn,  on  K 

(September  1 

Month 

Extremes 

Extremes 

| 

Extre 

Moan 
Level 

Mran 
Level 

Menu  | 
Level 

Highest 

Lowest 

Highest 

Lo  \\cst  I              Hitfliext 

1       i       i 

1890 

In. 

In. 

In. 

I«. 

In. 

In. 

In.     1 

In. 

January 

+  2-76 

+  3-97 

+  2-47 

-  1-U4 

+  U-97 

-  1-53 

+  u-7:i  ; 

+  2'47 

February    . 

+  3-20 

+  6'47 

+  1-47 

-  2-42 

-  0-53 

-  3-53 

-  063 

+  0-5)7 

Maxch 

+  2-64 

+  3-97 

+  0-72 

-  2-95 

-  1-53 

-  4'03 

-  1-79 

+  0-97  ' 

April 

+  2-50 

+  5-47 

+  0'97 

-  3-30 

+  0-47 

-  4-03 

+  T56 

+  1-47  i 

May           .    +  4-14 

+  6*47 

+  2'97 

+  o-io 

+  4-72 

-  3-03 

+  2-21 

+  6-47  i 

June          .  !  +  4-65 

+  5'97 

+  3-47 

+  0-75 

+  3'47 

-  2-53    +  JB-.30 

+  5-17  I 

July           .  !  +  3-83 

+  6-97 

+  1-47 

-  2-92 

-  1-53 

-  5-53    -  :t% 

+  0-47  • 

August       .  :  -  0-02 

+  2-97 

-  3-03 

-11-16 

-  3-03 

-11-53        —      . 

—      i 

September  .    -  4-94 

-  3'03 

-  8-08 

-16-48 

-15-53 

-19-33    -  312 

+  S20 

October      .    -  7-09 

-  6-03 

-  8-0» 

-21-42 

-19-53 

-2353    -  7-20 

-  4-30 

November  .    -  S'9S 

-  8-03    -10-03 

— 

—      i  -  8-43 

-  4-;io  , 

December    ,    —  8-01 

-  7-OIJ    -  9-63 

— 

— 

—      '  -  ti'17 

+  2120  : 

1 

Year    .      . 

-  0-51 

+  6-47 

-10*03 

~ 

- 

1      _ 

—     !• 

1900 

I 

January 

-  6-38 

-  6-03 

-  7-03 

-21-5 

— 

—        -  5-85 

-  l-SO 

February    . 

-  5-46 

-  5-03 

-  6-03 

—21-5 

— 

—      i  -  6-«4 

-  2-ao  | 

March 

-  4'95 

-  4-53 

-  3-53 

-21-5 

— 

—      i  -  7-14 

+  1-70 

April 

-  5'63 

-  5-53    -  5-53 

—  20-5 

— 

— 

-  4  83  ' 

-  1-HO 

May 

-  4-95 

-  4-53 

-  6-53 

—19-6 



1      

-  1-62 

+  2-70 

June 

-  8-78 

-  3-03 

-  4-53 

-18-90    -18-03 

-20-53    -  2-fiH 

+  070 

July 

-  2-66 

-  2-03 

-  3-03 

-  1S-84 

-18-5:} 

-18-03    -  6'7f)  ', 

-  330 

August 

-  2'3r 

-  2-53 

-  4-53 

-18-87 

-18-53 

-19-03 

-  K-91  . 

-  6-JMI 

September  . 

-  78G 

-  503 

-11-53 

-21-66 

-19-53 

-2453 

-  H98  ' 

-  4-30 

October 

-15-53 

-12-53 

-17-53 

-26-16 

-24-53 

-30-03 

-16-03 

-10-30 

November  . 

-18-75 

-17-63 

-19-53 

-30-31 

-29-30 

!  -32-0:1  ;—  l(i-9H 

-12-30 

December    . 

-17-82 

-15-53 

-19-53 

-26-27 

-21-53 

1  -3U-53  '  -12-78 

-  6-8U 

Year    .      . 

-  8-13 

-  2-03 

-19-63 

-18-03 

1  -32-03  !  -  8-20 

+  2-70 

I 

Rain 


f            : 
Hitfliert 
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Amt. 

Days,    ft! 

1       ; 

Fall 

1     In.     i 

In. 

In. 

No.  i  In. 

;  4-  2'47 

-  1-03 

— 

a   !   - 

'  +  0-5)7 

-  2-5:5 

_ 

9    I    - 

+  0-97  ' 

-  3-63 

1-03 

8    1    OlM) 
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—  6'oa 

3-38 

18 

09S 
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18 

1-02 
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-  0-53 

2-55 

10 
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o-io 
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13 

U-73 
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-11-30 

4-64 
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6-18 

17 
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14 

2-51 

+  1-70 
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-  7-50 
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+  2-70  '-21-30 

49-36 

134 

2-5  i 

I 

1899.— At  yitbe  the  lake  attained  its  highest  level  on  June  8.  It  stood  lowest  from  November  25-28.  The  ' 
difference  between  the  highest  and  lowest  levels  amounted  to  16  indies.  I 

1900.— At  Ntebe  the  lake  reached  its  highest  level  on  July  21  and  maintained  it  up  to  July  28.  It  stood  fit  its  | 
lowest  from  November  21  to  December  2.  The  difference  between  the  highest  nud  lowest  levels  amounted  to  i 
17-5  inches.  During  the  whole  of  April  the  lake  steadily  maintained  its  level  of  5-63  inches  below  the  level  • 
of  1896. 

Ah  Fort  Thruston  the  lake  level  was  lowest  on  November  12.  uinl !  it!ip-t  on  June  22,  the  difference  amounting  | 
to  14  inches.    At  Kisumu  it  was  lowest  on  November  3,  higiu-i  HI  May  In,  the  range  having  been  27  inches,  tin 
amount  accounted  for  by  the  position  of  the  gauge  in  shallow  water  at  the  bottom  of  a  bay  and  high  wintk 

1901.— At  fftebe  the  lake  on  June  1  stood  23'43  inches  above  the  level  of  1896 ;  at  Kisumn  on  May  7  it  stood  only 
15-16  inches  above  that  level,  as  assumed  by  us ;  and  on  June  28 14-0  inches. 

The  bench  mark  cut  on  the  Camp  Tree  at  the  head  of  Port  Florence  in  1898  by  Commander  B.  Whitchousi1,  H.X., 
is  19  feet  11  inches  above  the  zero  on  the  Lake  Gauge. 
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The  Survey  of  British  Protectorates. — lleport  of  the  Committee,  con- 
sisting of  Sir  T.  H.  HoLDicn  (Chairman),  Col.  G.  E.  CHURCH, 
Mr.  E.  G.  RAVENSTEIN,  and  Mr.  H.  N.  DICKSOX  (Secretary)^ 
appointed  to  draw  up  a  Scheme  for  the  Survey  of  British 
Protectorates. 

YOUR  Committee  are  of  opinion  that  a  representation  should  be  submitted 
to  His  Majesty's  Government  in  support  of  an  organised  scheme  for  sur- 
veying British  Protectorates  in  Africa,  and  that  it  would  be  advantageous 
to  secure  the  co-operation  of  the  Royal  Geographical  Society,  and  of  other 
bodies  unconnected  with  Government  who  may  be  specially  interested  in 
the  matter,  in  bringing  forward  their  proposals.  At  present,  various  sur- 
veys have  been  commenced  in  different  parts  of  Africa  under  local 
administrations,  which  are  unconnected  with  each  other  and  have  appa- 
rently no  common  basis  of  technical  system  or  scale,  from  which  it  will  bo 
difficult  eventually  to  compile  a  satisfactory  and  homogeneous  first  map 
of  our  African  possessions.  A  large  amount  of  geographical  work, 
carried  on  more  or  less  under  the  auspices  of  tho  Royal  Geographical 
Society,  is  gradually  accumulating,  all  of  which  might  be  usefully  turned 
to  account  in  a  general  survey  scheme,  if  uniformity  of  method  and  scale 
were  adopted.  A  comprehensive  scheme  of  geographical  survey  (apart 
from  special  surveys  for  local  requirements),  to  be  carried  out  jointly  witli 
other  nationalities  in  the  continent  of  Africa,  will  undoubtedly  prove  a 
necessity  in  the  near  future  for  purposes  of  boundary  demarcation  and 
administration  ;  but  such  a  scheme  must  emanate  from  those  responsible 
advisers  of  Government  who  are  best  acquainted  with  the  opportunities 
for  combined  action  and  the  means  for  carrying  it  out. 

But,  pending  the  adoption  of  such  a  scheme,  and  with  due  apprecia- 
tion of  the  value  of  the  disjointed  efforts  which  are  now  I  eing  made  to 
secure  partial  surveys  for  administrative  purposes  in  various  parts  of  the 
country,  your  Committee  are  of  opinion  that  the  following  considerations, 
none  of  which  involve  immediate  financial  outlay,  should  be,  especially 
brought  to  the  notice  of  His  Majesty's  Government  ;  inasmuch  as 
immediate  attention  to  them  would  undoubtedly  tend  to  hasten  the 
Attainment  of  the  end  primarily  in  view — viz.,  tho  construction  of  a 
homogeneous  and  consistent  geographical  map  of  that  part  of  Africa 
which  affects  Imperial  interests. 

(1)  The  advantage  of  a  common  scale  should  be  impressed  on  local 
administrations  who  have  already  commenced  surveys  within  the  pro- 
tectorates under  their  administration,  and  every  effort  should  be  made  in 
the  first  instance  to  secure  a  general  map  on  tho  smallest  geographical 
scale  which  can  be  made  practically  useful  for  purposes  of  either  adminis- 
tration   or   strategy.      This    scale    should    not    be    less    than    one    in 
five  hundred  thousand. 

(2)  Inasmuch  as  all  future  surveys,  on  whatsoever  scale,  must  ulti- 
mately depend  on  the  accuracy  of  the  initial  base  measurements  if  they 
are  to  fit  together  into  one  homogeneous  map,  it  is  most  desirable-  to  draw 
the  attention  of  local  administrators  to  this  point ;  and,  wherever  local 
surveys  have  already  been  commenced,  to  test  the  accuracy  of  their  linear 
measurements  by  the  adoption  of  a  geodetic  base.     »Such  a  base  need  not 
be  measured  by  the  cumbersome  processes  which  have  made  the  measure- 
ment of  geodetic  bases  so  laborious  and  expensive  in  the  past.     New 
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methods  and  improved  means  have  lately  been  introduced  which  greatly 
simplify  the  work,  but  there  is  no  method  which  does  not  require  scientific 
direction.  It  would  therefore  be  advisable  that  the  same  instruments,, 
under  the  same  personal  supervision,  should  be  used  in  every  case.  Unity 
of  scale  and  of  linear  measurement  is  absolutely  essential  to  final  com- 
pilation in  such  vast  areas  as  Africa  presents,  and  much  good  work  now 
in  progress  may  be  rendered  valueless  for  general  map-making  purposes 
if  such  unity  is  not  secured  ah  initto. 

(3)  It  is  the  earnest  desire  of  the  Royal  Geographical  Society  that 
those  travellers  and  explorers  who  use  their  instruments  and  accept  their 
assistance  financially  should  add  to  the  practical  outcome  of  mapping 
material  in  Africa.     For  this  purpose  the  Society  has  established  trainir.g 
classes  in  practical  geography,  and  keeps  a  record  of  the  names  of  those 
who  are  qualified  io  work  as  geographical  surveyors.     Hut  in  order  to 
utilise  their  work  to  the  fullest  extent  it  is  essential  that  the  geographical 
data  determined  by  such  professional  surveyors  as  from  time,  to  time  am 
sent  to  Africa  under  the  direction  of  the  Intelligence  Department  should 
become,  generally  available  ;  and  it  is  therefore  most  desirable  that  all 
such  material  (indispensable  for  the  proper  location  of  iicld  surveys  and 
for  check  ou  final  positions)  as  may  be  collated  at  the  Intelligence  Office* 
may   be  placed   at   the   disposal   of  the    Royal    Geographical    Society. 
Attention  should  v?ry  specially  be  drawn  to  the  great  amount  of  geo- 
graphical mapping  (at  present  disconnected  and  wanting  in  topographical 
detail)  which  is  annually  turned  out  by  irresponsible  travellers.    The  value 
of  this  might  be  largely  increased  if  it  were  based  on  exact  data. 

(4)  One  of  the  most  important  factors  in  dealing  with  the  vast  are:: 
of  our  African  possessions  in  the  matter  of  geographical  (or  first)  surveys 
is  the  absolute  necessity  of  resorting  to  native  agency  for  its  topography. 
Effective   topography   can  never  bo  secured  without    the   assistance  of 
surveyors  and  draughtsmen  specially  trained  to  this  particular  branch  of 
map-making.     European  agency  (except  for  purposes  of  supervision)  is 
out  of  the  question  on  account  of  the  expense.     Indian  native  agency  is 
equally   impossible  for  more  than  comparatively  restricted  areas.     The 
\astnmssof  African  mapping  must  be  secured  through  the  agency  of 
natives  of  Africa,  just  as  Asia  has  largely  been  mapped  by  Asiatics. 

There  is  apparently  no  reason  why  natives  of  Africa,  trained  in  mission 
and  other  schools,  should  not  bo  as  effective  in  the  field  of  survey  as 
Africans  generally  have  proved  in  the  field  of  arms. 

It  is  suggested  that  in  the  earlier  stages  of  the  formation  of  such  an 
agency  scientific  societies  might  be  willing  to  take  the  initiative.  It  is 
to  the  interest  of  the  Royal  Geographical  Society,  for  instance,  to  sccuro 
the,  assistance  of  native  topographers  for  explorers.  What  is  immediately 
wanted  is  the  initiation  of  a  training  school  ;  and  it  seems  probable  that, 
if  one,  or  two  promising  pupils  were  selected  from  each  protectorate  for 
training,  an  invaluable  school  would  in  a  few  years  be.  established,  which 
would  rapidly  extend  of  itself.  The  Commissioners  and  Administrators 
of  our  African  Protectorates  might  be  requested  to  assist  in  the  experi- 
ment by  ascertaining  whether  volunteers  from  the  native  schools  can  be 
found  for  the  purpose.  Every  assistance  to  such  a  scheme  may  be 
confidently  anticipated  from  the  Indian  Government,  who  have  long  had 
practical  experience  of  the  enormous  advantages  of  native  labour  in  the 
field  of  surveying. 
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Terrestrial  Surface  Waves. — first  Report  of  the  Committee,  consisting 

•    of  Dr.  J.  SCOTT  KELTIE  (Chairman,),  Lieut-Col.  BAILEY,  late  U.K., 

Dr.  VAUUHAN  CORNISH,  Mr.  A.  KOOPE  HUNT,  W/.N.,  Mr.  \V.  H. 

WHEELER,  ILhist.O.E.,  ami  Mr.  E.  A.  FLOYEK.     (l)rairn  v^  by 

Dr.  VAUGIIAN  CORNISH.) 

THE  following  papers  have  been  published  by  Dr.  Vauglmn  Cornish  since 
the  Bradford  Meeting,  viz.— On  the  Formation  of  \Vnvo  Surfaces  in 
Sand,  'Scottish  r:.  -.  ,|1,-,  ^  Journal,' January  1901  ;  On  Baud-waves  in 
Tidal  Currents,  4  Geographical  Journal,1  August  1901. 

On  December  4,  1900,  Dr.  Cornish  left  for  Canada  to  study  the  surface 
forms  of  snow,  returning  to  England  March  1C.  During  the  voyage  out, 
Liverpool  to  Boston,  much  heavy  weather  was  encountered,  ami  observe 
tions,  with  some  measurements  and  photogiaphs,  were  obtained  of  duep- 
sea  storm-waves.  On  the  return  voyage,  New  York  to  Southampton, 
some  good  observations  were  obtained  of  the  conditions  obtaining  in  a 
heavy  swell.  A  paper  on  ocean  waves,  embodying  results  obtained  by 
Dr.  Cornish  during  several  years,  is  in  preparation. 

Canada  was  snow-covered  during  the  whole  of  the  expedition.  The* 
country  was  traversed  from  Montreal  to  Vancouver  and  back  by  the 
Canadian  Paciiic  Railway.  Special  facilities  were  most  kindly  accorded 
by  this  railway  company  in  the  interest  of  pure  science.  The  principal 
places  of  observation  were  Montreal,  Winnipeg  (Manitoba),  and  Ulacior 
House  (British  Columbia),  which  afforded  good  opportunities  for  the  study 
of  the  three  principal  kinds  of  snow  surface  which  were  encountered. 
The  observations  appear  to  divide  themselves  naturally  under  two  heads  : 
(1)  snow- waves  and  ripples;  (2)  snow-drifts  and  snow-caps;  ami  the 
results  of  the  expedition  are  now  being  worked  up  under  these  heads. 

The  most  striking  point  with  reference,  to  the  trains  of  moving  waves 
of  cold,  dry,  drifting  snow  is  that  the  place  most  favourable  to  their 
formation  is  an  extensive  level  surface  free  from  inequalities  or  obstruc- 
tions, such  as  a  frozen  lake.  Here  most  readily  occur  those  local  sur- 
charges of  snow  which  originate  the  long  trains  of  waves.  At  first  these 
travel  freely,  but  their  march  and  growth  do  not  continue  so  long  as  i-, 
the  case  with  the  homologous  waves  of  sand,  because,  the  snow  readily 
sets  into  a  coherent,  though  friable,  mass.  The.  height  of  these,  waves  was 
generally  not  more  than  six  inches.  They  are  flatter  than  the  homologous 
aeolian  sand-waves,  the  wave-lengths  being  often  forty  or  fifty  times  as 
great  as  the  amplitude. 

Ripples,  perfectly  homologous  with  the  jeolian  sand-ripples,  are  pro- 
duced in  the  granular  snow-stuff  formed  by  erosion  of  consolidated  snow. 
Their  wave-lengths  are  similar  to  those  of  the  Band-ripples,  but  their 
amplitude  is  less.  There  are  also  regularly  undulating  surfaces  carved  by 
the  wind  in  more  coherent  snow,  particularly  when  it  is  well  stratified. 
The  ridges  retreat  before  the  wind,  keeping  their  steeper  slope  on  the 
weather  side.  The  material  has  an  internal  arrangement  not  imposed  by 
the  wave  motion,  and,  so  long  as  it  is  a  part  of  the  waved  structure,  is  itself 
stationary.  It  is  therefore  fitting  that  these  surfaces,  which  are  frequent 
and  regular,  should  have  a  distinguishing  name,  and  it  is  proposed  to  call 
them  undulate*.  The  ratio  of  height  to  length  in  the  undulates  is  greater 
than  in  the  normal  waves  and  normal  ripples. 
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The  most  interesting  drifts  were  those  on  the  prairies,  where  the  cold 
is  great  and  the  snow  is  dry.  The  normal  snow-drift  round  a  house  on 
the  open  prairie  in  Manitoba  consists  mainly  of  a  snow-bank  in  the  form 
of  a  U,  the  house  being  situated  in  the  bend,  near  the  bottom  of  the  letter, 
with  a  few  yards  nearly  free  from  snow  between  it  and  the  snow-bank. 
I  Jet  ween  the  two  limbs  of  the  U,  which  are  much  longer,  reaching  further 
to  leeward,  than  the  shape  of  the  printing  type  permits  to  be  here  indi- 
cated, the  ground  is  kopt  almost  clear  of  snow  by  the?  operation  of  the 
wind  as  modified  by  the  presence  of  the  building,  and  this  clearance  is 
sometimes  noticeable  beyond  the  distance  to  which  the  two  arms  of  the 
drift  extend  us  a  noticeable  snow-bank.  Close  to  the  house,  centrally 
situated  on  the  lee  side,  is  a  relatively  small  accumulation  of  snow,  whicii 
is,  ho\ve\er,  conspicuous  from  its  form  and  position.  Beyond  the  limbs 
of  the  U-shiiped  snow  bank  to  right  sind  left  the  depth  of  the  snow  on 
the  prairie  is  not  notably  affected  by  the  neighbourhood  of  the  building. 
The  height  of  the  ||- shaped  snow-bank  is  commonly  four  to  six  feet  when 
there  are  throe  or  four  inches  of  snow  on  the  open  prairie. 

In  the  calm  upper  valleys  of  the,  Selkirk  Mountains,  where  the  snow- 
fall is  very  heavy,  the  Hakes  usually  large,  and  the  temperature  during 
precipitation  usually  near  the  melting  point,  the  notable  forms  in  which 
tho  material  accumulates  are  not  those  of  drift  but  deposition,  not  snow- 
hanks  but  snow- caps.  On  tree,  slumps  these  frequently  take  the  form  of 
gigantic  mushrooms,  nine  to  twelve  feet  wide  and  four  to  four  and  a  half 
feet  thick,  which  project  from  three  1o  four  feet  all  round  beyond  their 
supporting  pedestal.  These  strange  growths  are  not  unstable,  as  are  the 
small  globular  masses  of  snow  upon  a  slender  support,  but,  ou  tho  con- 
trary, possess  a  remarkable  degree  of  permanence.  The  depth  of  snow  in 
them  is  sufficient  to  express  most  of  the  air,  and  to  weld  the  lower  parts 
into  a  tenacious  mass. 

•Much  attention  was  given  to  overcoming  the  difficulties  of  the  rt-al 
photography  of  snow,  /.'.,  the  rendering  of  the  detail  of  the  snow  surface, 
instead  of  photographing  objects  silhouetted  against  snow,  as  is  done  in 
the  ordinary  'snow-scene1  photograph.  After  some  initial  failures  suc- 
cess was  achieved,  and  a  large  collection  of  good  quarter-  and  half-plate 
negatives  has  been  brought  back  which  is  of  very  considerable  scientific 
\  alue. 

Thn  whole  of  the  grant  has  been  expended,  and  the  Committee  apply 
for  a  grant  towards  the  ex  pen -sea  of  continuing  the  investigations. 


of  fhe  ComiHittit*,  r/»wx////</  of  Mr. 

M.  W.  HKAISKOOK  (Clmirinnn).  Mr.  A.  L.  BowLEY(ttv,rfr/n/j,Miss 
A.  M\  AXDKRSOX,  Mi\  (A  BOOTH,  Professor  S.  3.  CHAPMAN,  Miss 
(1.  K.  COLLKT,  Professor  F.  Y.  KDGEWORTH.  Professor  A.  W.  FLUX, 
Mrs.  J.  II.  MAC  DON  ALP,  Mr.  L.  L.  PRICE,  Professor  W.  SMART, 
ami  Mrs.  II.  J.  TKXXANT,  ajjyiomWi  to  htre*tig<ttfl  the  Economic 
Effect  of  Ijctjislnlinn  rryulatiiiy  Wometis  Lnbuvr. 


THE  Committee,  as  appointed  at  the.  Bradford  meeting,  sought  the, 
assistance  of  Mrs.  H.  J.  Tennant,  late  H.  M.  Principal  Lady  Inspector  of 
Factories,  Miss  A.  M.  Anderson,  her  successor  in  oftice,  Miss  C.  E.  Collet, 
of  the  Board  of  Trade,  and  Mr.  Charles  Booth,  to  all  of  whom  the 
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members  of  that  Committee  return  their  thanks  for  accepting  the  invita- 
tion to  join  them. 

The  Committee,  as  thus  enlarged,  resolved  that  it  would  adopt  the 
classification  of  industries  made  by  the  Labour  Commission,  and  would 
request  some  of  its  own  members  and  some  other  competent  observers 
to  enter  upon  a  local  investigation  of  the  question,  as  far  as  practicable, 
in  every  locality  in  which  such  industries  were  pursued  by  women. 

It  proceeded  to  prepare,  for  the  use  of  the  members  and  others  thus 
commissioned  by  it,  the  following  scheme  of  investigation  : — 

Scheme  of  Investigation  for  Commissioners. 
Commissioners  should  be  supplied  with — 

(1)  Abstracts  of  legislation. 

(2)  Information  already  obtained  by  parliamentary  or  other  inquiries. 
Commissioners  should  then  visit  the  industry  and  make  themselves 

acquainted  with  the  nature  of  the  work,  and  especially  with  any  changes 
which  have  taken  place  since  the  legislation  for  women  begun. 

Commissioners  should  observe  the  following  points  in  their  investiga- 
tions : — 

I.  The  effects  of  the  legislation  yenerulty. 

(1)  Has  it  necessitated  or  induced  any  alteration  of  custom,  or  merely 
enforced  what  was  customary  before,  in  the  case,  of  the  irowH  themselves, 
in  the  industry  in  question,  or  in  others  related  thereto  ? 

(2)  Has  it  necessitated  any  alteration  in  the  case  of  ofhrr  workers 
(men,  young  persons,  or  children)  in  the  industry  in  question,  or  in  other 
industries  related  thereto  ? 

II.  The  effects  of  the  legislation  socially  on  the  position  of  women, 
whether  (a)  prejudicially  :  — 

(1)  Has  it  lowered  the  wages  of  women  relatively,  either  temporarily 
or  permanently  1 

(2)  Has  it  caused  any  displacement  of  women  ? 

(3)  Has  it  initiated  any  important  changes  in  the  use  of  machinery 
or  the  division  of  labour  ? 

Or  (6)  beneficially  : — 

(1)  Has  it  increased  the  efficiency  of  the  women  themselves  as  indus- 
trial agents;  and  is  this  efficiency  due  to  all,  or  only  to  some,  of  the  le^al 
restrictions  ? 

(2)  Has  it  increased  their  economic  efficiency  as  members  of  society 
(e.g.,  with  relation  to  home  life,  the  health  of  the  children,  the  morality 
of  the  race),  and  are  these  effects  due  to  all,  or  only  to  some,  of  I  ho 
restrictions  ? 

(N.B. — The  legislation  may  affect  the  demand  for  women's  labour 
(1)  directly,  in  the  industry  in  question  by  adding  to  difficulties  of 
management,  or  by  diminishing  the  output  of  the  women  themselves,  or 
of  others  engaged  in  the  work  ;  (2)  indirectly,  by  effects  on  other 
industries  related  to  the  industry  in  question ;  or  it  may  increase  tins 
supply  of  women  and  their  substitution  for  men  by  rendering  the  work 
healthier  or  easier.) 
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Commissioners  should  endeavour  to  discriminate  between  changes 
affecting  the  employment  of  women  which  are  due  to  the  legislation  and 
those  which  result  from  other  causes. 

The  Committee  awaits  the  reports  of  the  sev  sral  Com!  ,  and 

would  be  glad  to  receive  offers  of  assistance  fj  ai  any  othej  ^is  who 
are  able  to  procure  and  furnish  the  information  sought  with  respect  to  ?iny 
particular  iiekl  in  which  women's  labour  has  been  regulated  by  legislation. 

The  Committee  begs  to  thank  the  Secretary  of  State  for  the  Home 
Department  for  having  given  permission  to  the  Inspectors  of  Factories  to 
furnish  the,  information  required  with  respect  to  their  several  districts. 

The  Committee  received  an  offer  of  information  from  the  Freedom  of 
Labour  Defence,  of  which  it  would  be  glad  to  avail  itself. 

As  the  reference  to  the  Committee  is  general  in  its  terms,  and  includes 
the  economic  effect  of  legislation  in  every  country  regulating  women's 
labour,  the  Committee  addressed  the  following  circular  to  the  heads  of 
the  statistical  bureaux  of  various  countries  and  to  other  persons  of 
authority,  not  only  in  Europe,  but  also  in  the  United  States  and  the 
British  Colonies. 


i  In  Fowiyn  and  Colonial  A 

1  The  above-named  Committee,  having  been  appointed  by  the  British 
Association  to  enquire  into  the  economic  elfect  of  legislation  regulating 
Women's  Labour,  are.  desirous  of  obtaining  int'orm.it  ion  relating  to  that 
subject  in  industrial  centres  outside  of  the  United  Kingdom,  and  have 
directed  us  to  ask  the  favour  of  ycur  assistance. 

*  They  will  be  greatly  obliged  to  you  for  any  information  you  are  able 
to  furnish  them  in  answer  to  the  subjoined  questions  with  regard  to  your 
own  country. 

4  1.  Did  any  enquiry  precede  the  enactment  of  the  statutes  regulating 
women's  labour  'I  Kindly  ijive  full  ret'erence  to  any  record  of  such 
enquiry. 

'2.  Has  any  enquiry  been  made  into  the  results  of  such  legislation 
since  its  enactment  .'  Kindly  give  reference  to  records. 

'  .'^.  "What  .ire  the,  particular  industries  in  \ihich  women's  labour  is 
regulated?  And  what  proportion  do  women  and  girls  employed  in  such 
industries  bear  to  the  whole  industrial  female  population  ok'  the  country  '? 

*  1.  Are  any  statistics  available  with  ivga.nl  to  the   industries  affected 
by  such  legislation  of 

(//,)  The  number  of  women  employed  \  (A)  At  or  shortly  before  the  date 

(ft)  The.  wages  paid  to  them  j      of  the  enactment  .' 

(«•)  The  number  of  men  employed        -(B)  At    or    shortly    before    the 

((/)  The  wages  paid  to  them  i      present  time  ? 

(?)   Other  economic  data.  )  ((_')  At  any  intermediate  period  ? 

Kindly  give  full  references  to  records. 

1  f>.  Can  you  favour  the  Committee  with  any  observations  of  your  own 
on  the  matter  '?  ' 

The  Committee  has  received  from  its  foreign  correspondents  a  great 
quantity  of  valuable  information,  for  which  it  has  re-turned  its  thanks. 

The  Committee  has*  thus  taken  the  necessary  preliminary  steps  towards 
the  investigation  of  the  subject  referred  to  it.  The  subject  is  a  large  one, 
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and  the  investigation  will  no  doubt  occupy  some  time.  The  results  of  the 
census  recently  made  in  the  United  Kingdom  will  have  a  direct  bearing 
upon  it.  The  Committee  does  not  think  it  would  be  advantageous  to 
publish  in  the  presont  preliminary  report  any  of  the  particulars  as  yet 
obtained,  either  with  relation  to  the  United  Kingdom  or  to  foreign 
countries. 

Tho   Committee  therefore  asks  to  bo  rcapppointed  in  order  that  it 
may  pursue  the  investigation. 


The  IttnlstttHce  of  Roml  Vehicles  io  Traction.  /iVyw/'/  of  (hr  ('omini1lee9 
cotwdiHij  of  Sir  ALEXANDER  HINNIK  (('luu'rnian.)i  Professor  HKLE- 
SIIAW  (Xt'ov/tny),  Mr.  AITKKN,  Mr.  T.  0.  AVKLINU,  Mr.  J.  HHOWX, 
Trofessr  HUDSON  BEARK,  Mr.  W.  W.  BEAI*MOXT,  Colonel 
CROMPTON,  Mr.  A.  MALLOCK,  Sir  DAVID  SALOMONS,  Mr.  A.  R. 
SENNETT,  Air.  E.  SHRAPNKLL  SMITH,  .Mr.  J.  1.  TnoKNYCROiT. 
(Drawn  up  by  the  Secretary.) 

AT  the  first  meeting  of  the  Committee  it  was  decided — 

1.  That   an  experimental  car  and  dynamometer  were  necessary  for 
performing  the  experiments  on  road  traction. 

2.  That  members  of  the  Committee  should  be  invited  to  stato  their 
views  in  writing  concerning  the  mode  in   which  the  experiments  should 
be  carried  out. 

3.  That   ultimately,  with  a  view  of   obtaining   results   on   different 
types  of  roads,  trials  should  be  conducted  at  three  centres  where  facilities 
could  bo  obtained — namely,  Aldcrshot,   Cupar  in   Fifeshire,  and  Liver- 
pool. 

4.  That  a  summary  of  all  work  hitherto  done  in  the  investigation  of 
road  resistance  should  be  prepared  by  the  Secretary. 

At  the  same  meeting  Mr.  J.  Brown,  of  Belfast,  offered  to  niter  tho 
viagraph,  which  is  the  self-recording  instrument  of  his  own  invention,  in 
order  to  make  it  specially  suitable,  for  carrying  out  tho  experiments,  and 
to  place  it  at  the  disposal  of  the  Committee.  Other  members  of  tho  Com- 
mittee, amongst  thorn  Mr.  Aitken  and  Colonel  Crompton,  undertook  to 
carry  out  experiments  with  the  special  facilities  at  their  command. 

At  a  subsequent  meeting  the  suggestions  contributed  by  various 
members  of  tho  Committee  were  fully  discussed,  and  it  was  decided  that 
in  order  to  undertake  experimental  researches  in  a  thorough  and  complete 
manner  it  would  bo  necessary  to  raise  a  sum  of  about  1,000/.  Tho 
Committee  felt  that,  in  view  of  the  great  development  of  mechanical 
traction  upon  roads,  the  scope  of  the  report  should  not  merely  bo  limited 
to  experiments  on  tractive  resistance,  but  should  deal  with  tho  effects  of 
vehicles  upon  road  surface  o£  various  kinds,  and  should  involve  experi- 
ments, not  only  with  two  different  kinds  of  tyres,  but  with  \nrying  loads 
and  speeds  and  with  different  types  of  vehicles. 

An  investigation  would  bo  undertaken  concerning  tho  relative  eflbct 
upon  the  roads  of  various  forms  of  mechanical  traction  and  tho  best  types 
of  road  for  this  purpose.  They  might  therefore  look  with  confidence1  to 
substantial  pecuniary  support  from  makers  and  users  of  traction  engines 
and  manufacturers  of  motor  vehicles.  Tho  Committee  might  also  reason- 
ably expect  substantial  pecuniary  support  from  various  County  Councils 
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and  Local  Hoards.  A  circular  was  drawn  up  with  this  end  in  view  ;  but 
pending  the  consent  of  the  General  Committee  an  application  for  funds  in 
the  above  directions  has  not  been  pressed. 

The  step  lias  been  taken,  however,  of  appointing  Mr.  T.  C.  Aveling, 
a  member  of  the  Committee,  who  is  conversant  with  the  traction-engine 
world,  as  Hon.  Treasurer. 

Meanwhile,  an  offer  ha\ing  been  received  from  Sir  David  Salomons  io 
lend  to  the.  Committee  for  an  indefinite  period,  to  alter  as  they  pleased,  a 
motor-car,  it  was  determined  in  accepting  this  kind  offer  to  proceed  at  once 
with  a  series  of  preliminary  experiments,  which  would  pave  the.  way  for 
future  and  inert)  complete  investigations.  J hiring  tho  past  few  months 
work  has  boon  steadily  proceeding  upon  the  motor-car,  the  jost  of  new 
engines  for  which  is  being  defrayed  by  Sir  D.  Salomons.  Although  great 
delays  have  been  experienced  with  the  engines,  it  is  hoped  that  very 
shortly  a  preliminary  series  of  the  experiments  may  be  commenced. 
The.se  it  is  proposed  to  make,  in  the  first  place  with  single  wheels,  with 
different  kinds  of  tyres.  The  track  for  this  purpose  in  tho  first  place 
would  be  artificial,  consisting  of  different  kinds  of  materials  laid  in  a 
trough  or  trench,  about  eighteen  inches  or  two  feet  in  width,  so  that  the 
dynamometer  itself  can  *Q  thoroughly  tested  when  the  car  is  lunuirig 
upon  a  road  of  level  surface. 

In  this  way  tho  autographic  records  obtained  for  materials,  such  as 
sand  wet  and  dry,  loose*  stones,  artificial  projections  of  cross  pieces  of 
wood  of  different  si/es  and  differently  pitched,  can  be  thoroughly  under- 
stood and  constants  of  the  dynamometer  obtained,  so  as  to  enable  the 
actual  road  trials  to  be  made,  without  unnecessary  delays. 

This  tho  Committee  consider  to  bo  very  important  matter,  since  the 
difficult  ies  in\  ol\  ed  in  securing  permission  to  make,  and  in  actually  making, 
trials  upon  the  roads  themselves  should  bo  reduced  to  .a  minimum.  The 
new  viagraph  of  Mr.  Krowii  has  boon  received  and  is  awaiting  these  trials. 
Jt  has  been  altered  by  the  important  addition  oj:  a  device  for  attaching 
different  curved  surfaces,  representing  t-oginonts  of  wheels  of  different 
diameters.  The  rise  and  fall  of  this  curved  piece  is  autographically 
recorded,  and  from  experiments  which  have  already  been  made  by  Mr. 
Aitken  it  is  clear  that  tho  actual  contour  ot'  the  road  or  surface*  being 
experimented  upon  can  be  clearly  indicated  at  the  same  time  that  the. 
actual  resistance  is  being  recorded  by  the  dynamometer.  The  Committee 
have  not  thought  it  advisable  in  tho  present  report  to  publish  a  detailed 
description  of  the  dynamometer,  since  the-  instrument  may  possibly 
undergo  considerable  modification  in  the  course  of  tho  experiments. 
Further,  they  consider  that  in  view  of  the  fact  that  tho  work  of  different 
ex  peri  me  liters  on  road  resistance,  (an  abstract  of  which  has,  in  accord- 
ance with  their  instructions,  been  prepared)  consists  in  many  cases 
iu  the  enunciation  of  laws  and  formula*,  it  will  be  bettor,  instead  of 
publishing  at  the  present  juncture  this  abstract,  to  wait  until  their  own 
experiments  can  bo  compared  with  those  of  previous  workers,  particularly 
as,  for  the  first  time,  it  will  be  possible  to  make  observations  at  any 
required  speed  from  the  highest  to  the  lowest  velocities  of  practical 
interest. 

The.  grant  of  money  already  given  will  not  bo  sufficient  to  cover  expendi- 
ture already  incurred  ;  therefore  they  make  application  for  a  further  sum 
of  equal  amount  (viz.,  75/.),  with  permission  to  raise  the  additional  sum 
they  require,  and  for  the  reappointment  of  the  Committee. 

r>  D  2 
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Mr.  Aitken  :- 


APPENDIX. 

Abstract  of  Suggestions. 


(a)  The  dynamometrical  apparatus  for  recording  the  different  con- 
ditions in  the  resistance  of  road  vehicles  to  traction  would  require  to  be 
self-contained  ;  that  is,  a  separate  machine  on  wheels  or  an  apparatus 
attached  to  the  loaded  vehicle.     For  slow-travelling  traffic  all  the  different 
items   which  go  to  make  the  net  result  might,   with  the  exception  of 
vibration,  be  accommodated  on  an  apparatus  with  wheels,  placed  between 
the  prime  mover  and  the  vehicle  hauled.     For  fast-travelling  traffic  such 
an  apparatus  could  not,  he  imagines,  bo  used  with  safety,  so  that  the 
appliance  would  require  to  be  fixed  to  the  motor  or  loaded  vehicle.     At  a 
high  velocity  the  viagraph  would  not  be  available,  but  records  could  be 
made  previous  to  carrying  out  the  experiments  with  the  road  vehicles. 
The  connecting  appliance  would  require  to  be  short-coupled  in.  order  to 
reduce  oscillation. 

(b)  The  scheme  of  experiments  would  cover  all  descriptions  of  pavements1 
and  macadamised  roads.     In  the  experiments  the  viagraph  must  play  a 
conspicuous  part ;  and  if  the  speed,  pull,  and  vibration  could  be  auto- 
graphically    recorded   to   correspond   with    the    '  viagram '   the   different 
conditions  could  be  seen  at  a  glance,  while  a  scale  of  measurements  would 
give  definite  results. 

For  experiments  at  high  speeds  a  viagraph  section  would  require  to 
be  made  first,  a  record  taken  one  way  corresponding  with  the  exact 
position  which  would  be  occupied  by  the  vehicle,  and  another  back  and 
corresponding  with  the  width  between  the  wheels  of  the  vehicle,  so  as  to 
arrive  at  a  mean  value  of  the  irregularities  of  the  road  surface.  A 
distinctive  mark  made  by  the  viagraph  in  previously  passing  along  the 
road  would  guide  the  driver  of  the  experimental  vehicle  in  following  the 
proper  course. 

The  pull,  itc.,  on  the  best  laid  asphalte  pavement  might  be  taken  as 
the  standard  to  work  from,  and  which  in  all  probability  would  give  about 
5  feet  per  mile  of  unevennoss. 

Each  road  surf  ace  from  that  point  and  for  each  succeeding  5  or  10  feet 
per  mile  up  to  100  feet  of  irregularity  could  be  tested  on  level  stretches 
and  on  gradients  at  different  speeds  to  ascertain  the  pull  required  and  the 
amount  of  vibration. 

The  extent  of  the  uneven  ness  recorded  by  the  small  wheel  of  the 
viagraph,  and  that  of  wheels  of  varying  diameter,  could  be  ascertained 
experimentally,  from  which,  no  doubt,  some  kind  of  formula  could  be 
deduced. 

Mr.  Aveling  :-  - 

The  Sub-Committee  might  be  divided  for  the  purpose  of  making  trials 
into  - 

(a)  In  heavy  or  road  locomotive  class  ; 

(b)  In  medium  or  steam  lorry  class  ; 
(<:)  In  automobile  or  light  class  ; 

so  that  the  experiences  of  each  of  the  sub- Committees  in  their  own  par- 
ticular line  should  be  more  directly  available. 
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Mr.  W.  Worby  Beaumont : — 

A.  Resistance  to  be  obtained  by  a,  say,  8-horse  power  Daimler  car 
hauling  : 

(a)  A  light  two-wheeled  vehicle  with  iron  tyres  and 

1.  Running  light. 

2.  With  3  cwt.  load. 

3.  With  6  cwt.  load. 

(b)  A  light  four-wheeled  vehicle  with  iron  tyres.     Tests  same  as  above 
for  two- wheeled  trap. 

(c)  A  heavier  type  of  two- wheeled  vehicle  with  iron  tyres  nnd  10  cwt. 
and  1  ton  loads. 

(d)  A  heavier  four-wheeled  vehicle,  same  load. 

L.  Hauling  vehicles  same  or  similar  to  (a),  (b),  (c),  (d),  but  with 

(a)  Solid  rubber  tyres. 

(b)  Pneumatic  tyres. 

C.  Iron  hoop  tyres  to  bft  shrunk  on  vehicles  in  (/*),  (/>),  (<?),  (e?),  of  double 
width  makers  ordinarily  put  on  same,  and  same  tests  again  made. 

D.  Trials  of  two-wheeled  vehicles  to  be  made  with  two  different  sizes 
of  wheels,  say  33  inches  and  48  inches. 

E.  Angle  of  draught  to  be  at  least  two,  say  (1)  horizontal,  i.e.,  level 
with  axle  ;  (2)  upward  inclination  of,  say,  20  degrees.     Trials  made  with 
skeleton   vehicles,   all  tests  to  be  made  (I)  on  level,  smooth  asphalte  ; 
(2)  on  all  sorts  and  conditions  of  other  level  roads  ;  (3)  on  all  sorts  of 
roads  of  different  grades. 

Speeds  to  be  the  four  speeds  of  the  hauling  car. 

Mr.  J.  Brown  : — 

The  surface  of  the  roads  upon  which  the  experiments  are  to  be  made 
should  be  tested  in  two  particulars  : — 

(a)  The  smoothness. 

(b)  The  hardness. 

The  smoothness  of  the  roads  should  be  tested  by  means  of  his  viagrapli, 
to  which  he  suggests  the  addition  of  a  skate  with  the  curved  outline 
corresponding  to  a  wheel. 

For  the  hardness  an  apparatus  in  which  the  weighted  stumper  is  raised 
and  lowered  at  intervals  might  be  used,  the  amount  of  yield  in  the  road 
being  autographically  recorded. 

Mr.  A.  Mallock  presented  a  design  for  a  dynamometer  using  a  single 
wheel,  The  arguments  for  such  were  as  follows  : — 

(a)  This   requires   at   most   only  half  the   number  of  experimental 
wheels. 

(b)  Changes  from  one  form  of  wheel  to  another  can  bo  made  more 
rapidly. 

(c)  The  tractive  force  can  be  more  regularly  measured. 

(d)  The   effective   load   carried  by  the  wheel   can  be   known   with 
certainty. 

Mr.   Mallock's  designs  for  the  single-wheel  dynamometer  may  be 
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roughly  said  to  consist  of  a  castor  frame  in  which  the  single  wheel  is 
held,  the  wheel  being  capable  of  being  loaded  to  any  required  amount. 
The  castor  frame  is  attached  to  the  tractor,  the  pull  on  the  wheel  or 
tractive  force  being  taken  through  a  bell  crank  frame  on  to  a  small  ram, 
so  that  by  fluid  pressure  the  tractive  force  can  be  continuously  recorded. 
The  following  are  Mr.  Mallock's  general  suggestions  : — 

1.  Variable  radius  of  wheel,  load,  and  speed.     Begin  with  five  wooden 
wheels,  with  iron  tyres  2  inches  wide  ;  diameter  of  wheels,  5  feet,  4  feet, 
3  feet,  2  feet,  1  foot.    These  to  be  tried  each  with  increasing  loads,  beginning, 
say,  at  500  lb.,  and  at  two,  four,  six,  eight,  and  ten  miles  per  hour. 

In  the  firt»t  few  sets  of  experiments  small  increments  would  be  made 
of  the  lo  tds,  as  it  is  probable  that  for  each  kind  and  state  of  road  ther»5 
may  be  one  or  more  critical  pressures.  Experience  will  show  how  lanje, 
the  increments  may  be  without  loss  of  accuracy  in  the  resistance  m- 
terms-oi'-load  curve  If  suitable  apparatus  is  used  it  might  be  expected 
that  a  complete  series  of  experiment*,  both  for  variations  of  radius  and 
load,  could  be  completed  in  a  day. 

2.  The  experiments  should  be  repeated  with  the   roads   in   various 
conditions  of  wetness.     After  the  variations  of  resistance  in  terms  of 
radius  and  load  have  been  well  worked  out,  one  or  two  diameters  init;ht 
bo  selected  with  which  to  try  variations  in  the  width  of  the  tyre.     The 
widths  should  range  from  1  inch  to  10  inches. 

3.  Trials  might  then  be  made  of  various  classes  of  tyres,  such  as  solid 
rubber,  pneumatic  tyres,  «fec. 

1.  Some  method  should  be  devised  to  classify  and  describe  the  con- 
dition of  the  roads. 

5.  Every  series  of  experiments  should  begin  and  end  with  a  trial  of 
some  particular  wheel  for  the  sake  of  reference. 

Sir  David  Salomons  : — 

All  vehicles  to  be  loaded  to  1  ton,  li  or  2  tons,  as  the  case  may  be,  to 
avoid  calculations. 

Gradients  to  be  taken  by  percentages,  say  2,  2?,,  5,  71,,  10,  12!,,  and 
15  per  cent. 

Nature  of  surface  classified,  such  as  asphalte,  dry,  wet,  and  greasy  ; 
wood  dry,  wet,  and  greasy  ;  macadam  dry,  wet,  muddy,  freshly  laid, 
worn,  very  worn. 

Experiments  to  be  made  on  roads  laid  with  syenite,  granite,  Maidstone 
stone,  Sevenoaks  gravel,  flint. 

Also  when  rough  laid  before  rolling  and  after  rolling. 

Also  cinder,  sand,  beach,  and  other  roads. 

Traction  measured  when  from  standstill  at  two,  live,  ten,  twelve, 
fifteen,  eighteen,  twenty,  twenty-live,  and  thirty  miles  per  hour. 

Wind  and  air  resistance  to  be  calculated  from  actual  registering 
apparatus  to  give  net  results  and  air  resistance. 

Air  experiments  might  further  be  made  thus  : — 

Flat  front  of  vehicle  and  same  at  back  built  of  light  board. 
Front  conical  to  cut  air  arid  back  flat. 

Front  and  back  both  conical. 

Wheels  might  be  steel,  »solid  rubber,  pneumatic  tyres,  flat,  and  rounded. 

Various  diameters  of  wheels,  those  generally  adopted,  and  a  few  trials 
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with  wheels  of  greatly  larger  diameter,  say  6-foot  front  and  back  wheels 
equal,  and  of  different  diameters,  first  larger  in  front,  then  larger  behind. 


Small  SMCW  Uawje.  —  Ife^ort  of  "  '"V'wu/fce,  coiwittti/iy  of  Sir 
W.  11.  GREECE  ((Huunmn),  Lord  KELVIX,  Sir  V.  J.  BRAMWLLL, 
Sir  II.  TKUKMAX  WOOD,  Major-Gen.  WKIWEK,  Col.  WATKIN,  Liwit.- 
Col.  CKOMI'TOX,  A.  STKOII,  A.  LE  NEVE  FOSTER,  G.  J.  HEWITT, 
0.  K.  H.  KLPHIXSTONK,  E.  KIGU,  C.  V.  BOYS,  J.  MARSHALL 
(JoRiiAM,  O.  P.  CLEMENTS,  W.  TAYLOK,  Dr.  11.  T.  GLA/EIWOOK, 
and  W.  A.  PiJK'E  (ftcwtary),  ajtpr  'nivd  to  nmxwli'f  'in  edits  hi/  trhich 
l  Efwt  can  he  <jicvn  to  ike  introduction  o/"  'he  ticreii  G«u<fe 
hi/  flf:  A^ocidtion  in  188.!. 


TIIK   Committee  report  that  the  present  condition  of   the  matter  sub- 
mitted to  them  is  as  follows  :  — 


Tn  the  report  presented  at  the  meeting  of  the  Association  niiich  was 
hold  at  Bradford  in  1900  it  was  recommended  that  the  shape  of  the 
thread  of  the.  Uritlsh  Association  screw  gauge  for  the  use  of  instrument 
makers  should  be  altered  in  the  following  particulars  for  all  screws  from 
No.  0  to  No.  11  inclusive. 

For  Kfrrtra.  -That  the  designating  numbers,  pitches,  outside  diameters, 
and  the  common  angle  of  47},°  remain  unchanged  :  but  that  the  top  and 
bottom  of  the  thread  shall  be  "cylindrical,  showing  Hats  in  section,  and  that 
the  depth  of  the  thread  shall  be  increased  by  one-tenth  of  the  pitch,  the 
diameter  of  the  solid  core  being  in  consequence  diminished  by  one-tifth  of 
the  pitch. 

For  Hitfu.  —  That  the  designating  numbers,  the  pitches,  the  diameters 
of  the  clear  holes,  and  the  common  angle  of  47.V3  remain  unchanged  ;  but 
that  the  top  and  bottom  of  the  thread  shall  be  cylindrical,  showing  Hats 
in  section,  and  that  the  depth  of  die  thread  shall  be  increased  by  one-tenth 
of  the  pitch. 

The  effect  of  these  alterations  is  as  follows  :  — 

The  threads  of  the  screws  and  taps  are  of  a  very  simple  form,  bring 
cut  with  a  single  point  tool  or  grinding  wheel,  with  straight  sides  and  a 
flat  top,  and  the  top  of  the  thread  is  part  of  a  cylinder.  Though  the 
form  of  the  bottom  of  the  thread  depends  on  the  correct  grinding  of  the 
end  of  the  tool,  great  accuracy  is  unimportant,  as  the  screws  and  nuts  do 
not  conic.  into  contact  there. 

Tin1  threads  of  the  nuts  and  ring  gauges  will  be  accurate*  in  proportion 
as  are  the  taps  used  to  cut  them,  the  edge  of  the  thread  forming  the 
through  hole  being  part  of  a  cylinder. 

The  actual  differences  between  the  screws  and  nuts  of  the  old  form 
and  that  recommended  are  so  small  that  it  is  believed  the  old  stocks  will 
in  practice  be  interchangeable  with  the  new  screws,  so  that  the  amount  of 
inconvenience  caused  by  the  change  will  be  exceedingly  small. 

The  British  Association  screw  gauge  has  been  in  use  in  England  for 
seventeen  years.  Many  firms  in  England  have  originated  the  threads 
and  constructed  gauges  for  sale  or  for  their  own  use,  but  the  difficulty  of 
producing  them  is  great,  and  the  market  obtainable  may  have  been 
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insufficient  to  induce  them  to  perfect  the  processes  necessary  for  making 
them  accurately  interchangeable.  In  short,  the  British  Association  screw 
gauge  of  1884  was  of  too  complicated  a  form  to  allow  of  its  accurate 
realisation  except  at  a  cost  which  has  proved  prohibitive. 

That  very  accurate  gauges  with  rounded  threads  can  be  produced  is 
not  disputed,  but  the  difficulty  of  doing  so  for  small  screws  is  very  great. 
The  names  of  three  iirms  in  America  and  of  one  in  (Germany  have  been 
proposed  to  the  Committee  as  being  competent,  and  probably  willing,  to 
•  undertake  the  production  of  gauges  and  tools  of  the  rounded  thread.  The 
Birmingham  Small  Arms  Compan},  who  produce  interchangeable  work  on 
a  very  large  scale,  and  to  a  high  degree  of  perfection,  use  only  round - 
topped  screws,  fitting  all  over,  for  bicycle  work  ;  and  Mr.  Clements 
exhibited  gauges  used  by  that  firm  illustrating  his  paper  read  before  the 
Section  at  Bradford.  This  lirin  does  not  produce  these  gauges  for  sale. 
The  American  firm  of  Pratt  &  Whitney  have  manufactured  a  large 
number  of  sets  of  gauges  and  screwing  tools  for  the  Knglish  Government, 
but  declined  to  submit  these  to  the  Committee  on  the  ground  that  they 
were  not  sufficiently  accurate  to  satisfy  us.  After  long  delay  they 
submitted  to  us  three  specimens,  which  uere  reported  upon  by  this 
Committee  at  the  Dover  meeting.  Though  the  best  \u*.  had  seen,  they 
were  distinctly  inferior  to  the  screws  used  in  the  ordinary  micrometers 
purchasable  in  tool  shops,  which  have  threads  of  the  character  which 
this  Committee  has  recommended  for  adoption. 

While  the  round  thread  is  only  produced  satisfactorily  by  a,  very  few 
iirms,  who  have  made  a  special  study  of  this  class  of  work,  the  Committee 
believe  that  the  form  of  thread  they  have  proposed  can  be  made  in 
any  fairly  equipped  tool  room  ;  arid  that  this  facility  in  producing  or 
obtaining  the  necessary  appliances  must  very  greatly  encourage  the 
maintenance  of  an  accurate  standard  in  small  screws,  to  promote  which 
has  been  the  object  in  the  view  of  the  Committee.  If,  on  the  other  hand, 
these  tools  and  gauges  are  very  special,  and  perhaps  costly,  appliances, 
obtained  only  by  the  refined  processes  of  certain  factories,  their  use 
in  workshops  will  extend  slowly.  The  Committee  aim  at  putting  the 
matter  on  such  a  footing  that  the  common  e\eryday  appliances  in  the 
hands  of  workmen  shall  be  of  a  good  order  of  accuracy,  and  this  is 
only  possible  if  they  are  produced  easily  and  cheaply. 

It  is  not  suggested  by  the  Committee  that  the  form  of  thread 
recommended  is  the  best  for  all  purposes  and  for  all  sizes  of  screws,  and 
they  have  expressly  excluded  sizes  of  screws  below  No.  11  Hritish  Associa- 
tion gauge,  which  are  produced  by  pressure  and  not  by  cutting.  Tluir 
recommendation  applies  only  to  the  screws  used  in  instrument  making 
and  similar  trades  for  assembling  parts,  of  which  screws  a  large 
proportion — perhaps  95  per  cent.-- -are  of  brass.  Considerations  alFecting 
the  use  of  screws  for  other  purposes  have  been  put  before  the  Committee, 
especially  by  Mr.  Clements  in  the  case  of  bicycle  and  gun  screws,  and  by 
Mr.  Taylor  in  the  case  of  lens  screws.  These  have  thrown  suggestive 
light  on  the  question  before  the  Committee,  and  will  be  closely  considered 
by  them  if  reappointed. 

Since  the  last  report  the  Committee's  proposals  have  attracted  much 
attention,  but  no  sets  of  gauges  or  tools  of  the  new  thread  have  been 
submitted  to  them,  and  so  far  their  recommendation  has  had  no  practical 
result.  They  are  informed,  however,  that  one  iirm  of  manufacturers  in 
England  is  occupied  in  producing  tools  and  gauges  for  their  own  use,  and 
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if  they  succeed  in  producing  them  of  satisfactory  accuracy  will  submit 
them  to  the  Committee. 

Mr.  O.  P.  Clements,  the  author  of  a  paper  on  screw  threads  used  in 
bicycles,  read  before  the  Section  at  Bradford,  has  been  elected  to  the 
Committee. 

Mr.  W.  Taylor,  who  has  taken  a  leading  part  in  the  standardisation  of 
the  screws  of  photographic  lenses,  and  has  been  in  communication  with 
the  Connnitt.ee,  has  also  been  elected  a  member. 

'l>r.  11.  T.  Glazebrnok  has  been  elected  a  member  of  the  Committee. 

Correspondence  has  passed  between  the  Committee  and  Dr.  R.  T.  fjlaze- 
brook,  the  Director  of  the  National  Physical  Laboratory,  respecting  the 
examination  of  screw  gauges,  and  the  following  arrangements  have  been 
made  :-— 

The  National  Physical  Laboratory  \i  ill  undertake  to  examine  and  to 
report  upon  gauges  of  the,  British  Association  submitted  to  them. 

The  Committee  have  applied  the  grant  of  4.r»/.  made  to  them  at  Bradford 
to  the  pure-base  of  apparatus  for  the  examination  of  gauges  by  the  National 
Physical  Laboratory,  and  have  appointed  Mr.  C.  V.  Boys,  Lieut. -Colonel 
Cronipton,  Dr.  K.  T.  Glnxehrook,  Mr.  W.  A.  Price,  and  Colonel  AVatkin 
to  be  a  sub-Committee1  for  the  expenditure  of  the  grant.  The.  Committee 
are  of  opinion  that  the  previous  grant  of  lf>/.,  made  in  1900,  will  be 
insufficient  to  purchase  tho  necessary  apparatus,  and  recommend  their 
reappointment,  with  a  grant  of  -li)l. 

/?//>  Woj/i'Vf/  X/< /•!>//  (i/1  Cn/tiffln. — 7iVy.<v/  t.f  ilic  Cunimtftw,  conttintinif 
of  Professor  D.  P.  PKX HALLOW  (fY*'//Vi/w//).  thr  1<tte  Dr.  GEOKGE 
M.  DAWSON  (tfinv////-//),  Mr.  K.  \V.  liitAimnoK,  Professor  A.  C. 
HAUDON.  Mr.  10.  S.  H.\RTL.\NI>,  Sir  J.  G.  JJorwxoT,  Mr.  13. 
SULTE,  Mr.  C.  lIiLL-Toi  T.  Mr.  DAVID  HOYLK,  Mr.  C.  N.  BELL, 
Professor  K.  M.  TYLOK,  Professor  J.  MAVOK.  Mr.  C.  V.  HrxTEK. 
mill  Dr.  W.  F.  GANUMI. 

IN  recording  the  work  of  the  past  year  we  are  callikd  upon  to  notice  the 
very  sudden  decease  of  Dr.  <«.  M.  Uawson,  which  occurred  at  Ottawa  on 
March  "2,  1(,)01,  as  the  result  of  bronchitis.  Dr.  Dawson  had  been 
identified  with  the  work  of  this  Committee,  from  the  time  of  its  organisa- 
tion, and  he  served  at  iirst  us  its  Chairman,  anil  later  us  its  Secretary, 
which  position  he  held  at  the  time  of  his  death.  His  well  known  ethno- 
logical studies  in  connection  with  the  Indians  of  the  Pm-ilic  roast  and  the 
keen  practical  interest  whieh  he  constantly  manifested  in  the  prosecution 
of  such  work  gave  special  weight  to  his  connection  with  this  Committee 
the  object  of  which  commanded  his  warmest  sympathy  and  his  deepest 
interest ;  and  we  are  keenly  sensible  of  the  great  loss  we  have  sustained 
in  the  removal  of  one  whose  broad  interest  in  the  progress  of  scientific 
research,  and  whose1  intelligent  appreciation  of  the  many  difficult  problems 
connected  with  the  prosecution  of  ethnological  work  in  a  country  where 
the  conditions  are  changing  so  rapidly,  gave  him  exceptional  qualifications 
for  the  guidance,  of  our  work  and  imparted  to  those  especially  engaged  in 
collecting  data  a  never-failing  stimulus  and  enthusiasm. 

Renewed  negotiations  with  certain  of  the  provincial  Governments 
have  been  opened  during  the  year  with  a  view  to  having  the  work  of  this 
Committee  placed  upon  a  more  permanent  basis,  and  it  is  hoped  that 
favourable  results  may  appear  before  our  next  annual  report  is  made. 
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Dr.  Ganong  has  undertaken  the  oruan  i-.at  ion  of  systematic  work  in 
New  Brunswick,  with  special  reference  to  the  remnants  of  Indian  tribes 
in  that  section  of  the  country,  and  a  somewhat  definite  statement  of 
progress  in  this  direction  may  be  anticipated  for  the  next  report. 

The  anthropometric  work  of  the  Committee  has  been  in  progress  for 
the  last  three  years,  and  material  is  steadily  accumulating  which  will 
ultimately  be  placed  in  competent  hands  for  final  analysis. 

Mr.  Leon  Gerin,  whose  very  acceptable  work  upon  the  Indians  of 
Lorette  was  reported  upon  last  year,  has  continued  his  studies  with 
reference  to  the  Iroquois  of  C.m^lii  aw.-iiM  ;  but  the  material  is  not 
sufficiently  advanced  to  make  it  u\.iilai>l--  i'»r  the  purposes  of  the  present 
report. 

Mr.  A.  F.  Hunter  has  shown  continuous  activity  in  the,  ethnology  of 
Ontario.  He  has  published  in  the  '  Archaeological  Keport  of  Ontario '  for 
1900  his  third  contribution  to  the  bibliography  of  Ontario  archeology. 
In  volume  iii.  of  the  '  Ontario  Historical  Society  '  he  has  also  published 
an  article  on  '  The  Ethnographical  Elements  of  Ontario.'  This  paper  was 
prepared  in  the  line  of  the  investigations  of  this  Committee,  and,  as  in  the 
case  of  the  contributions  by  Mr.  Suite,  it  will  servo  as  an  important  basis 
for  further  investigations.  Its  importance  and  the  fact  that  the  place  of 
first  publication  would  secure  only  a  limited  circulation  made  it  desirable 
that  a  certain  number  of  extra  copies  should  be  secured  by  the  Committee 
for  use  in  its  special  work.  These  are  now  available,  and  a  copy  is 
transmitted  herewith. 

Mr.  Hill-Tout  has  continued  his  studies  of  the  Salish  tribes  of  British 
Columbia.  His  report  for  this  year  deals  chiefly  with  the  I  lalkoinf-'lem 
tribes  of  the  Lower  Fraser.  The  evidence,  both  from  his  archaeological 
investigations  and  from  his  linguistic  studies,  leads  him  to  conclude  that 
these  tribes  are  comparatively  late  comers  in  their  present  territory,  and 
that  the  original  undivided  home  of  the  Salish  stock  was  not  on  the  shores 
and  bays  or  tidal  rivers  of  this  coast,  each  tribe  or  division  having 
separate  and  distinct  names  for  the  various  kinds  of  iish  and  other  marine 
products,  which  could  not  conceivably  have;  been  the  case  had  they  lived 
together  here,  since  fish  formed  the  principal  portion  of  their  food  from 
time  immemorial,  as  their  midden-heaps  testify.  Their  stories  and  myths 
accounting  for  the  origin  or  presence  of  the  salmon  and  other  forms  of 
marine  life  in  these  waters  are  also  widely  dissimilar,  plainly  showing 
that  they  have  been  independently  evolved  since  the  separation  of  the 
tribe  into  its  present  divisions. 

Another  important  result  has  been  reached  by  a  comparative  study  of 
the  philosophy  and  social  customs  of  the  Salish  tribes.  It  has  been  found 
that  their  beliefs  and  customs  furnish  us  with  the  steps  by  which  the 
peculiar  totemism  of  the  northern  tribes  of  this  coast  is  roachod.  It  is 
seen  to  be  the  natural  outgrowth  and  development  of  an  earlier  fetishism, 
the  different  cultural  planes  of  the  Salish  presenting  very  clearly  the 
intermediate  steps  by  which  the  former  gave  rise  to  the  latter. 

The  linguistic  part  of  the  report,  to  which  the  author  has  devoted 
much  time  and  study,  forms  a  valuable  addition  to  our  knowledge  of  the 
Salish  tongue.  It  presents  a  comprehensive  exposition  of  the  grammatical 
structure  of  two  important  dialects  of  this  family,  to  which  are  added 
examples  of  native  text  and  extensive  glossaries  of  Kwa'nthen  and 
Teil'qeuk  terms. 

The  Committee  desire  to  be  reappointed,  with  a  grant  of  30/.,  in 
addition  to  the  balance  of  $46.15  in  hand.  The  Committee  recommend 
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that  Mr.  0.  Hill-Tout,  of  Abbotsford,  British  Columbia,  be  appointed 
Secretary,  and  the  Rev.  John  Campbell,  of  Montreal,  a  member  of  the 
Committee. 

Natural  History  and  M/m^i/jv^i//!/  of  I  lie  Mtilay  Pen,tti*iila.  —  Keconrl 
Jh'iwrt  of  ihc  Committee,  co-Mutiny  of  Mr.  (A  II.  HKAD  (Chair- 
•ituni).  Mr.  VV.  CKOOKK  (Secretary),  Professor  A.  MACALISTEK,  and 

Professor   AV.    JtlDGKWAY. 

THE  Committee  have  received  Iho  following  report  from  Mr.  W.  W. 
Skeat,  the  leader  of  the  expedition  in  continuation  of  the  report  presented 
last  year  :  — 

Second  Report  on  C'tmbrldyc.  Esploriny  EspwUtloiitt*  the  Jf<if<iy  Provinces 
<tf  Lowr  tii<tm.     Dratcn  up  by  W.  W.  SKEAT. 

In  continuation  of  my  report  of  last  year  (in  which  the  route  taken  by  the 
Malay  States  Expedition  was  described)  I  have  the.  honour  to  forward  a 
report  descriptive  of  tin*  ethnographical  material  collected  in  so  far  as  it 
is  possible  for  me  to  do  so  under  existing  conditions. 

I  propose  also,  for  convenience1  sake,  to  preface  the  ethnographical 
part  of  the  report  with  a  f«*w  general  remarks  on  the  collections  made  in 
the  other  departments  of  science  which  were  represented  on  the  staff  of 
the  expedition. 


<M/i/.  —  An  extensive  collection  of  Vertebrates  was  made,  but  this 
group  has  been,  comparatively  speaking,  so  well  worked  that  the  interest 
of  the  collection  is  more  likely  to  consist  in  extending  the  range  of 
species  already  known  than  in  the  making  of  new  or  .startling  additions 
to  our  existing  information  about  the  Peninsula.  About  three  or  four 
new  species  have,  howe\er,  already  been  reported. 

A  few  of  the  most  interesting  points  about  the  entire  collection,  from 
a  zoological  point  of  view,  are  :  - 


1.  The  discovery  of  the  first  two  species  of  Perijuitti*  found  in  the 
Malay  Peninsula. 

About  thirteen  specimens  of  Pcripatus  (rompri.sing  two  species)  wore 
collected  by  members  of  the  expedition. 

The  first  specie*  \\as  first  collected  on  liukit  Desar  (3,000  ft.),  in  Fatani, 
by  Mr.  R.  Evans,  and  the  second  some  time  later  by  Mr.  F.  F.  Laidlaw 
at  Kuala  Aring,  in  K  elan  tan,  both  localities  being  in  the  East  Coast  States. 
A  third  species  was  collected  some  months  afterwards  (and  independently 
of  the  expedition)  by  Mr.  Butler  in  the  West.  Coast  State  of  Selangor. 
All  three  species  are  included  by  Mr.  Evans  in  a  new  genus  which  he  has 
called  *  Eoperipatus.'  * 

A  point  of  great  interest  (Mr.  Evans  tells  me)  is  that  in  the  earlier 
stages  of  development  (r.f/.,  in  the  size  and  structure  of  ovum)  they 
resemble  the  Australian  forms,  but  at  a  later  period  (c.y.,  in  the  size  of 
embryo  at  birth),  they  more  nearly  approximate  to  the  American  forms, 
to  which  anatomically  they  also  bear  so  strong  a  resemblance  that  they 
have  been  included  in  the  same  sub-family  (of  Peripatidie).  Mr.  Evans 

1   Quart.  J.  3/irr.  &:,  vol.  sliv.,  Pt.  IV.  n.s. 
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concludes  that  the  Peripaticta  must  once  have  had  a  common  centre  of 
distribution  either  in  Africa  or  in  some  lost  continental  tract  which 
formerly  afforded  a  means  of  land  communication  between  Africa,  the 
Malay  region,  and  South  America. 

2.  The  collection  of  Spiders  and  other  Arachnids,  of  which  more  than 
one  third  have  been  determined  as  new  by  M.  E.  Simon  (Paris),  the  great 
authority  on  this  group. 

3.  The  collection  of  Insects. 

4.  The  collection  of  f^iiirn;  h,i  l,i  (the  majority  of  which  are  new). 

5.  A  good  piece  of  work  is  Mr.  Evans's  account  of  the  formation  of 
the  gemmule  in  Ephydtttia. 

The  information  about  the  rest  of  the  collection  is  not  yet  fully  <(iv;iil- 
able.  I  append,  however,  for  convenience'  sake,  a  table  showing  the  pimps 
to  which  the  specimens  collected  belong,  together  with  a  list  of  the 
authorities  who  have  kindly  consented  to  work  them  out. 


j  Freshwater  Sponges 
Marine  »Sponges 


Alcyonaria 
Turbellaria 

]  Cestoda,     Treraatoda, 
j       Nematoda 
Oligochtfita 


Polychieta 
Sipunculoidea 

Crustacea 
Peripatus 

Myriapoda 
Arachnida 


1  new  species 
Fuw 


'  2  or  3 
Few 

j  Many  specie*,  mostly  j 

•  new 

I  Few                              I 

I  i 

i  Not    less    than     1G 

1       species,  of  which  i 

;       at  least  10  are  new 

j  Few 

!  Probably     4     or     f> 

|      species 

j  Considerable  number  ! 

I  Two  species 

j  Few 

!  Not    less    than   139 
!      species,  of  which  ; 
!       48  species  and  4  j 
|      sub-spc-cics  aie  newi 


Lepidoptera 

Hymenoptcra 
llemiprera 
Orthoptera  (part) 
On  hoptera  (Phas  midae) 
Odonata  (Dragon-flies) 

Coleoptera 
Mosquitos 


D«»*ciibi»d    as 

lunqitt    by     K.     E\ans,     MA, 

U  Sc1 ,   in   'Quait.   Jour.  Micr. 

Sci ,'  vol.  xliv.  p.  71 
Miss  I.  Sol  las 
K.  T  (lunthor  (Oxford) 
Professoi  S.  J.  Hick  son 

ter),  M  A.  (  Downing 
F.    F.    1/iidlaw,    iJ  A     (I'unity 

Colle^*1) 
A.    E      JShiplev,    MA.    (Christ's 

Collrj-c-) 
De^ciibcil    by    F      E.     Heddard, 

M.A  ,    Fit's.,   in  M'IOC.   Zuol. 

Soc,'  lWX),p.  HJU  ' 
A.  Willfy   M.A  ,  I)  Sc. 
W.  F.  Lanchest  r,  M  A.  (King's 

College) 

R  Evans  M  A.  ('  Q.  J.  Micr/Sr.,' 

vol.  xhv.,  Tt.  IV.  n.s.) 
F.    G.    Sinclaii,    M.A.     (Tiimty 

Colk-Ki') 
E.  Simon  (Paris)  r. f  P.Z  S.,'  l!)0i 


About    60    species, 
probably  lu  new 


Paper  on   habits  by  N     Annan- 
dale,  in  '  P.X  S  ,'  1W)0,  p.  837 

Profc-HMir  E.  IJ.    Poultoti,    F.K.S. 

(Oxford) 
i  P.  ( 'ami-roil  r.  'P.Z.S.,'  1901 

W.  L.  Distant 

M.  ISuii  (Oxford) 

1).  Blimp,  F.K.H. 

B\  F.  Lfiidlaw,  B.A, 


I).  Sharp  and  F.  F.  Laidlaw  : 

F.  V.  Theobald,  M.A.  (St.  John's  , 
College)  I 

1  Cp.  also  F.  E.  Beddard  on  a  freshwater  Annelid  of  the  genus  Bothrioneuroii 
[J9.  irit,  n.  sp.]  in  Pt.  1. 1901  (p.  81)  of  the  P.Z.S. 
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La  nielli  bran  chiata  and  i  About  70  species 

a  few  other  Molluscs  | 

Other  Molluscs  (Gas-  '  Including  about  20  . 
I      teiupoda,  &c.)  species  of  terres-  ' 

trial  Operculates, 
of  which  probably 
fi  or  7  are  new 
About,     25    species, 


Other  Molluscs  (Slugs, 

Arc  ) 
CuMlf-fihlies 
Fi?hes 

Amphil.i.i 


HinK 


Mammals 


probably  5  or  G  new 
2  or  3 
Numerous 

About     2!»     species 

(none  new) 
Not     less    than    HO 

specie.-*,    2     or    i» 

probably  new 
About  1 10  species 


1  new 


55     species, 


E.  A.  Smith  (British  Museum) 

F.  F.  Laidlaw 


W.  E.  Collinge  (Birmingham) 

W.  E.  Hoylc,  M.A.  (Manchester)    j 
L.     \V.     Byrne,     H.A.     (Tnniti 

College) 
Described   liy   F.  V.  Laidlaw  in 

•  p.zs.;  i'.K)o,  p.  ss:i 

F.  F.  Laid  law 


Paper  by  J    L.    Bonhote.    B.A.  j 

(Trinity      College),      « P.Z.S.,'  ! 

I't  I.  IWH.p.  57 
Described  by  J.  L.  Ronhotc,  B.A. 

(Trinity  College),    in   •P./.S.,1 

11>OD,  p.  8ti9 


i  Corals 

'  Kchinodeniis 

Nemertines 
j 

j  Hinidinoa 
I  Polvznn, 


Specimens  tMt  yet  (lixtrif/Nted. 

\ 

<  Considerable  number     Probably   J.    S,   Gardiner,    M.A.  s 
(Caius  College)  I 

Modi-rate  number          Unassi^ned      These  were  to  have 
b"cn  described  by  F.  P.  Bed-  | 
ford,  B.A.  (King's  College),  who 
died  October  1!KH) 

2  or  3  Possibly    II.    C.    Punnctt,     B.A.  | 

(Caius  College) 


1  or  - 


.'  S.  F.  llnrmer,  F.li  S. 


Upwards  of  1 ,000  species  of  drioil  plants  wero  collected — about  430 
by  Mr.  (Jwynno-V.-iu^han  and  upwards  of  600  by  Mr.  It.  H.  Yapp. 

1  imderstund  from  Mr.  If.  Ridley,  M.A.  (Superintendent  of  (Gardens 
and  Forests,  Singapore)  that  both  collections  include  specimens  of  much 
interest. 

Tn  both  cases  the  specimens  consisted  mainly  of  Phanerogams  and 
Vascular  Cryptogams.  They  included  a  number  of  new  flowering  plants 
and  probably  one  or  two  Ferns. 

Messrs.  (Jwyniie-Vaughan  and  Yapp  have  both  been  engaged  in 
anatomical  research  on  the  material,  preserved  in  spirit,  collected  during 
the  expedition. 

A  small  collection  of  Algae  have  been  distributed  between  Messrs. 
F.  F.  Blackman  and  G.  S.  West,  both  of  St.  John's  College,  Cambridge. 

A  few  Fungi  were  also  collected.  They  will  probably  be  undertaken 
by  Mr.  E.  H.  Biffen,  of  Emmanuel  College. 
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Geology* 

With  regard  to  the  progress  made  in  dealing  with  the  geological 
specimens,  Professor  T.  McKenny  Hughes  kindly  sends  me  the  following 
notes  : — 

The  occurrence  of  fossils  on  some  of  the  images  of  Buddha  sug- 
gested a  search  for  the  quarry  from  which  the  rock  was  obtained  out 
of  which  the  images  were  carved,  and  it  was  at  length  found  on  tho 
western  flank  of  the  great  central  axis  of  the  Peninsula.  The  finer  rock 
is  in  places  highly  fossiliferous  ;  the  coarser  has  so  far  yielded  only  traces 
and  suggestions  of  oi'ganisms.  The  collectors  very  wisely  brought  back 
large  lumps  of  the  portions  which  appeared  to  be  fossil iforous,  and  by 
breaking  these  up  with  greater  care  than  could  have  been  used  in  (lie 
field,  we  have  obtained  a  sufficiently  large  number  of  well  preserved 
species  to  enable  us  to  determine  the  geological  horizon  of  tho  deposit. 

There  is  a  trilobite  (Proetus),  encrinite  stems  and  arms ;  several  species 
of  lamellibranchs  and  of  brachiopods,  among  which  last  there  is  at  least 
one  species  of  Choiietes.  There  is  a  well  preserved  and  highly  ornamented 
Pleurotomaria  and  a  Cephalopod,  which,  by  its  horseshoe  lobes,  confirms 
what  is  suggested  by  the  general  facies,  namely,  that  the  deposit  belongs 
to  the  highest  beds  of  the  Carboniferous,  or  rather,  perhaps,  to  beds  inter- 
mediate between  tho  Carboniferous  and  the  overlying  system  to  which 
the  compromise  name  of  Permo-Carboniferous  has  been  applied. 
The  rocks  brought  homo  fall  into  two  divisions:  (1)  a  grid  of  varying 
coarseness,  consisting  almost  entirely  of  siliceous  grains  with  occasionally- 
larger  included  fragments  of  quartz  and  some  foreign  material  ;  and 
(2)  a  very  tine  rock  in  which,  however,  the  constituents  appear  to  be  the 
same  as  those  in  the  coarser  rock,  only  more  finely  divided.  Both  rocks 
are  jointed,  and  the  joints  are  often  picked  out  by  bright  coloured  oxides, 
and  in  the  case  of  the  coarser  rock  by  thin  mineral  \eins  in  which  limonite 
is  conspicuous.  The  microscopic  examination  of  both  liner  and  coarser 
rocks  confirms  the  views  suggested  by  the  macroscopic  examination  of  tho 
coarser  specimens.  Tho  chemical  analysis  shows  thnt  the  rock  is  almost 
entirely  composed  of  silica,  but  it  is  evident  that  it  has  undergone  much 
mechanical  aiul  chemical  alteration.  There  are  evidences  of  strain 
throughout  ;  the  fossils  are,  distorted,  and  some  of  the  larger  pebbles  are 
broken  and  the  parts  displaced  by  movements  in  tho  rock.  It  is  clear 
also  from  the  character  and  condition  of  the  fossils  that  there  must  have 
been  originally  much  carbonate  of  lime  in  the  rock  furnished  by  large 
lamellibranchs  and  thick-shelled  brachiopods.  Tho  cavity  where  tho 
shell  was  is  sometimes  found  lined  with  silicates,  whereas  no  trace  of  the 
carbonate  of  lime  remains  in  it.  The  absence  of  carbonate  of  liuio  was 
suggested  by  the  sharp  and  undecomposed  appearance  of  the  carved  work 
which,  though  it  had  evidently  been  exposed  to  the  weather  and  the  action 
of  vegetation,  nowhere  showed  the  fretted  surface  of  a  calcareous  rock, 

ANTHROPOLOGY. 
Notes  on 

I.  Anthropometry. 

There  was  so  much  heavy  work  to  be  done  in  other  departments  that 
but  little  time  could  be  devoted  to  this  branch  of  science. 

Such  statistics,  however,  as  it  was  possible  to  compile  should  be  of 
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especial  interest,  since  it  appears  to  be  the  first  time  that  any  systematic 
observations  have  been  made  on  the  Malays  of  the  east  coast  of  the 
Malay  Peninsula. 

As  far  as  I  have  ascertained  at  present,  about  forty-four  natives  in 
all  were  measured.  Of  these  about  thirty  were  Kast  Coast  Malays,  and 
the  remainder  (with  the  exception  of  one  wavy-haired  Sakai  woman)  were 
aboriginal  jungle-dwellers,  with  the  dark  bkin  and  frizzly  hair,  of  the 
Negrito  type. 

Upwards  of  twenty  measurements  were  taken  in  the  case,  of  each 
individual,  and  a  number  of  observations  worn  made  with  reference  to 
the  colour  and  condition  of  skin,  hair,  and  eyes,  as  well  us  various  par- 
ticulars bearing  on  the  life  of  the  individual  measured. 

The  full  measurements  have  not  yet  been  thoroughly  worked  out,  but 
the  records  of  height  appear  to  be  thoroughly  consistent  in  indicating  the 
presence  of  two  quite  different  standards  of  racial  stature :  (a)  a  high  one, 
(b)  a  low  one. 

(a)  From  in<)-16G  C.  ;  (b)  from  151-150  0. 

This  largely  confirms  what  has  been  written  about  the  people  of  the 
Kast  Coast  States  by  Mr.  If  ugh  Clifford  and  others  ;  indeed,  the  differ- 
ence of  type  is  so  marked  that  it  could  hardly  fail  to  strike  the  ordinary 
observer. 

The  men  belonging  to  the  iirst  type,--- 

(n)  Are  tall,  fleshy,  raw-boned,  and  bulkily  made,  men,  somewhat 
resembling  the,  Maori  in  general  build. 

Those  belonging  to  the  second  type — 

(t»)  Are  short,  with  spare  frame  and  comparatively  slender  lower 
limbs — as  different  as  a  polo  pony  from  a  plough-horse. 

The  taller  type  largely  predominates  in  the  East  Coast  States  of 
Patani,  Kelantan,  and  Trenggami,  the  centre  of  its  racial  focus  lying  in 
the  most  central  of  the  throe  States  referred,  <>.,  in  the  State  of 
Kelantan. 

"Notes  on 

II.  JMuhtyrtift/n/. 

An  examination  of  the  ethnographical  specimens  has  served  to 
emphasise  the  importance  of  the  area  traversed,  as  one  of  the  most  vital 
of  the  connecting  links  between  Asiatic  civilisation  and  savagery.  An 
interesting  point  is  thai  this  offshoot-  of  the  Mongolian  race  has  adopted 
a  culture  which  appears  to  bo  almost  fundamentally  Indian. 

Another  point  to  which  perhaps  justice  has  hardly  boon  done  consists 
in  the  immense  value  to  Great  Britain  of  her  Malayan  dependencies,  the 
volume  of  whoso  trade  (not  including  Borneo  and  Sarawak)  amounted  in 
the  year  11)00  to  ril/.JOO.OOCV.,1  a  figure,  which  only  falls  short  by  a  few 
millions  of  the  great  import  and  export  trade  of  Canada,  which  in  the 
same  yiar  amounted  to  G4,000,000/.-  .Most  of  this  trade  is  certainly 
made  by  the  Chinese  ;  but  even  apart  from  the  commercial  question,  and 
on  merely  general  grounds,  I  think  it  is  now  being  recognised  that  the 
work  of  understanding  our  native  fellow-subjects  possesses  a  high 
practical  value,  not  only  for  science,  but  for  government  and  trade,"  a 

1  Reckoning  the  dollcir  at  2,«.  l  Beckoning  the  dollar  at  4s. 
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notable  instance  of  which  was  to  be  soon  in  the  labours  of  the  late 
Miss  Kingsley. 

With  the  additional  material  collected  during  the  expedition  it  will 
now,  I  think,  be  possible  to  lay  the  •foundations  of  a  reasonably  exhaustive 
ethnographical  work  dealing  with  the  Malays  of  the  Peninsula,  their  habits 
and  customs,  their  religion  and  their  industries.  For  this  work  I  have 
already  commenced  to  arrange  the  material.  Tt  would  give  me  much 
encouragement  to  feel  that  I  had  the  approval  of  the  Association  in  this 
laborious  task,  which  I  have  taken  upon  myself  solely  because  work  of 
this  particular  description  is  unfortunately  so  unremunerative  under 
present  conditions  that  nobody  else  could  be  found  to  undertake  it  at  all. 

As  regards  the  method  adopted  for  dealing  with  the  material,  my 
object  is  to  have  all  special  points  which  lend  themselves  to  such  treat- 
ment worked  up  by  specialists  in  each  particular  branch  of  knowledge, 
a  method  which,  I  trubt,  will  yivo  an  increased  value  to  the  ultimate 
result.  Among  those  specialists  who  have  most  kindly  undertaken  to 
work  up  special  sections  1  may  mention  Dr.  R.  J.  Lloyd,  of  Liverpool  ;  Mr. 
W.  L.  H.  Duckworth,  Professor  Wm.  Ridgeway,  Mr.  IE.  Warington 
Smyth,  Mr.  W.  Rosenhain,  Mr.  H .  Ling  Roth,  and  others. 

I  shall  proceed  to  a  description  of  the  material  collected,  though  it  is, 
I  fear,  impossible  to  give  a  really  adequate  description  of  the  collection 
within  the  limits  of  the  present  paper. 

Drew. 

The  working  dress  of  the  jungle  Malays  in  K  clan  tan  and  Patani  was 
of  the  scantiest  description,  a  mere  waist  cloth  being  at  times  the  only 
garment  used.  As  we  worked  further  south,  however,  towards  the 
Trenggaiiu  and  Pahang  frontiers,  this  free  exposure  of  the  person 
diminished  continually,  until  in  Trengganu  town  we  found  the  sarong 
frequently  worn  as  low  as  to  the  ankles,  exactly  as  in  most  of  the  States 
under  British  protection. 

The  specimens  of  dress  collected  consisted  chiefly  of  sarongs,  the  most 
valuable  specimens  of  which  (presented  to  the,  expedition  by  the  Raja 
Muda  of  Patani  and  the  Sultan  and  Raja  Muda  of  Kelantan)  were 
unfortunately  stolen  after  they  had  been  handed  over  to  the  expedition's 
agent  in  Penang.  Tn  this  way  some  unique  specimens  were  lost.  On  the 
other  hand,  a  fairly  complete  &ct  of  named  sarong  patterns,  showing  the 
arrangement  of  the  threads  in  producing  a  «;reat  many  varieties  of  the 
Malay  check  patterns,  \\ere  obtained,  this  point  being  an  especially 
interesting  one,  as  it  exhibits  in  the  Malay  Peninsula  an  oxact  parallel 
to  the  existing  Scotch  (and  former  Irish)  tarl-ans.  Among  the  miscel- 
laneous articles  of  attire  collected  may  be  mentioned  a  series  of  head- 
dresses, shoes,  sandals,  &c.,  and  some  curious  sets  of  toilet  requisites 
carried  on  the  person  (including  silver  tweezers,  cvano  tooth-brush,  silver 
ear -pick,  and  silver  tongue-scraper),  and  a  set  of  exceedingly  ingenious 
and  primitive  folding  palm -leaf  umbrellas,  which  an*  constructed  on  an 
entirely  different  principle  from  those  of  Europe. 

Ornamental  ion. 

Among  the  Malays  of  the  East  Coast  and  Kedah,  as  among  those  of 
the  British  possessions,  the  adornment  of  personal  belongings  and  house 
furniture  is  seldom  rich,  and  is  the  exception  rather  than  thu  rule.  In 
certain  departments,  however,  with  which  Moslem  tradition  has  not 
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interfered,  the  Malay  artificer  shows  no  marked  '  his  fellow 

worker  of  China  or  Hindustan.    The  work  of  Ma  Iver  smiths 

in  the  Peninsula  may  in  fact  generally  be  «1M  ii!LM.i...Nlx  Hat  of  their 

Chinese  and  Indian  confreres  in  the  same  n  •.:,••  »•,  :-y  !,ss','*-iV.t,  less  florid 
and  in  justcr  taste  than  the  latter,  and  finer  in  execution  than  that  of 
the  former. 

This  question  of  ornamentation  is  of  especial  interest  on  tho  East 
Coast,  where  Mohammedanism  may  be  seen  struggling  for  the  mastery, 
and  not  always  getting  the  better  of  tho  spirit  of  tho  people.  Most 
important  in  this  connection  are  the  rare  traces  of  anthropomorphic  and 
zoomorphic  decoration,  #.</.,  in  some  of  the  axe-helves  brought  back  by  the 
expedition,  which  bear  an  astonishing  likeness  to  certain  Polynesian 
designs,  as  well  as  in  the  ornithomorphic  ornaments,  which,  like  the 
frigate  bird  to  which  Dr.  JIaddon  has  drawn  attention  in  •  ••:.,-:ib,  >•!••::.  ^ 
islands,  play  so  large  a  part  in  tho  East  Coast  rites  of  marriage  and 
circumcision.  In  the  case  of  the  latter  ceremony  the  anomaly  is  especially 
remarkable,  the  candidates  for  circumcision  being  usually  first  paraded 
in  a  chariot  representing  some  animal  or  bird,  a  thing  which  I  have  never 
seen  among  the  "West  Coast  Malays,  who  are  in  closer  touch  with 
civilisation. 

East  Coast  designs  (more  especially  those  of  animals)  may  conveniently 
be  studied  in  the  extensive  series  of  Malay  '  fancy  '  cake-moulds  collected 
from  the  various  districts  through  which  we  passed.  I  regard  this  series 
as  an  important  ono,  the  designs  being  very  fairly  representative  of  this 
branch  of  Malay  decorative  work.  The  objects  represented  include  the 
lion,  elephant,  bull,  goat,  and  several  kinds  of  tortoise  and  lish  ;  the  rose 
and  other  flowers  ;  the  axe  and  various  forms  of  th«  Malay  dagger,  or 
kris.  For  the  same  purpose  I  obtained  .some  tine  specimens  of  mat-work, 
basket-work,  needlework,  weaving,  photographs  of  decorative  house- 
walls,  pottery  stamps,  and  three  beautiful  specimens  of  Kedah  water- 
chatties,  one  of  which  is  decorated  with  a  floral  design,  and  the  other  two 
with  ropresen  tat  ions  of  fish,  which  are  depicted  as  swimming  round  the 
waist  of  the  chatty. 


Among  the  Malayan  daggers  the  most  interesting  was  perhaps  what 
Professor  Louis  calls  the  *  kingfisher'  variety  of  tho  Malay  kris,  the 
hilt  of  which  represents  a  sitting  figure  with  an  abnormally  long  nose, 
\\hich  iu  some  on  SOB  reaches  a  length  of  several  inches,  the  body  of  tho 
figure  itself  being  only  about  3  inches  high.  This  particular  dagger  has  a 
very  long  scabbard,  and  is  frequently  if  not  usually  inserted  in  the  belt 
in  the  middle  of  tho  wearer's  back.  To  draw  it  tho  wearer  gives  a  back- 
ward kick,  which,  just  touching  the  bottom  of  tho  scabbard,  drives  the 
hilt  upwards  between  the  shoulders,  where  it  can  be  seized  by  the  hand 
(over  the  shoulder)  and  drawn  for  action. 

Hunting  nni?  Ft  shiny,  tS'C. 

As  regauls  the  series  of  traps,  snares,  and  nets  used  by  J  ungle  Malays, 
of  which  a  large,  collection  was  made,  the  greatest  ingenuity,  as  well  as  a 
considerable  knowledge  of  the  life-history  of  the  animal,  is  often  exhibited 
in  their  construction.  Magic  as  a  rule  plays  a  large  part  in  tho 
processes  employed,  and  I  hope  in  duo  course  to  be  able  to  work  out  this 
most  interesting  side  of  Malay  ethnography. 

1901.  E  E 
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An  ingenious  method  was  investigated  of  catching  male  elephants 
(instead  of  corralling  them)  by  means  of  a  snaro  set  under  a  tree  to  which 
a  decoy  (female)  elephant  was  tethered.  This  method  of  elephant-catching 
requires,  of  course,  a  cord  of  immense  thickness  and  strength. 

Fire-making  and  Cooking  Implement*. 

Some  interesting  specimens  of  the  cocoanut  scraper,  two  representing 
animals,  and  one  a  man  prostrating  himself  in  prayer,  were  obtained  at 
Singora.  But  perhaps  the  most  interesting  objects  collected  under  the 
above  heading  from  an  ethnological  point  of  view  wore  a  set  of  the  firo 
syringes  (generally  manufactured  from  bone  or  horn)  which  are  still  used 
in  some  up-country  villages  for  the  production  of  fire. 

The  collection  of  Malay  cake-moulds  has  already  been  referred  to. 
Notes  were  also  taken  in  detail  of  the  methods  of  making  many 
kinds  of  Malay  'fancy'  cakes  and  sweetmeats,  as  well  as  a  number 
of  other  dishes.  The  working  out  of  my  collection  of  notes  upon 
Malay  cooking  processes  has  been  very  kindly  undertaken  by  Miss 
Duckworth. 


The  collection  of  coins  (native  '  cash  '),  weights  and  measures  is 
representative  of  all  the  important  local  States  in  whieh  Siamese  or  Straits 
money  has  not  yet  usurped  the  place  of  the  native  currency,  as  well  as  of 
several  in  which  the  native  currency  has  now  long  become  completely 
obsolete.  The  collection  of  coins  includes  two  interesting  gold  dinars 
from  Jambu,  in  Patani,  whieh  aro  stamped  with  the  figure  of  a  bull,  and 
are  probably  of  local  coinage.  They  have  some  resemblance  to  a  small 
gold  coin,  formerly  current  in  Achin  (Sumatra),  but  are  apparently 
unrepresented  in  any  British  collection.  Tins,  indeed,  appears  also  to  bo 
the  case  with  a  large  number  of  tho  specimens  of  tin  cash.  They  are  east 
in  the  form  of  trees,  which  are  called  rash  trees,  the  three  specimens  of 
which,  obtained  by  the  expedition,  are,  T  believe,  unique  in  this  country. 
The  general  type  is  that  of  the  round  cash,  with  a  circular  hole  in  tho 
centre,  though  one  kind,  the  half-cash  of  Trongganu,  is  a  solid  round  coin 
(without  the  hole).  In  some  of  the  designs  Javanese  affinities  may  bo 
traced.  Mr.  H.  Grueber  and  Mr.  W.  J.  Rapson,  of  tho  ttritish  Museum, 
have  both  seen  these  coins,  and  Mr.  Rapson  has  most  kindly  measured 
and  weighed  them.  They  have  now,  together  with  the  weights  and 
measures,  been  handed  to  Professor  Ridgeway,  who  has  already  done,  a 
good  deal  towards  working  them  out. 

Sets  of  weights  and  measures  were  also  obtained  whenever  possible,  in 
each  of  the  East  Const  States.  Some  of  these  are,  stamped  with  the 
stamp  of  the  Raja,  a  charge  for  affixing  which  is  made  in  several  of  the 
States.  The  Malay  'gantang1  roughly  corresponds  to  our  own  gallon 
measure.  The'chupak'  represents  the  half  cocoanut,  shell  (of  which  it 
usually  consists),  and  this  again  is  further  subdivided. 

Another  valuable  set  from  an  ethnological  point  of  \  iew  is  that,  of  tho 
primitive  weighing  machines  in  the  shape  of  ungraduatod  steel-yards 
which  are  used  for  weighing  out  fixed  quantities  of  certain  recognised 
substances,  e.g.,  salt,  'blochan'  (tho  well-known  strong-smelling  Malay 
e  prawn  paste  '),  cotton,  and  tobacco.  For  weighing  rice  a  much  larger 
variety  is  used,  which  may  be  made  adjustable  under  certain  circum- 
stances. 
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Trade. 

A  groat  many  statistics  were  obtained,  in  passing,  about  trade,  the 
figures  of  imports  and  exports  being  obtained  for  five  out  of  the  seven 
States  which  go  to  make  up  the  old  Malay  country  of  Patani.  In  some 
cases  these  iigurvs  wore  thoso  for  the  first  year  in  which  the  statistics 
had  been  properly  kept,  a  Siamese  clerk  having  been  appointed  to  do 
the  work  on  the  previous  first  of  April  (the  New  Year's  Day  of  the 
Siamese).  These  statistics,  therefore,  may  be  taken  as  fairly  reliable, 
and  as  showing  the  character  of  the  trade  and  the  stage  of  development 
of  the  people. 

Agriculture. 

A  quantity  of  notes  were  collected  about  agriculture.  Swamp-rice 
(on  the  embankment  system)  and  hill-rice  were  both  grown  as  in  the  West 
Coast  States,  the  latter  especially  in  'jungly  '  places. 

In  most  parts  of  the  Peninsula  the  Malays  do  not  habitually  use  the 
sickle,  but  thoso  who  do  use  it  generally  prefer  to  have  it  furnished 
with  teeth.  Specimens  of  this  instrument  were  obtained,  as  well  as  of  an 
ingenious  variety  which  has  a  long  wooden  crook  springing  from  the  base 
of  the  handle',  for  drawing  together  the  heads  of  rice  before  they  are  cut 
with  the  blade.  The  habitual  Malay  (Peninsula)  reaping  knife  consists 
of  a  blade  set  in  a  horizontal  piece  of  wood  which  is  affixed  transversely 
to  a  short  bamboo  stick.  The  rice  is  often  roughly  threshed  by  striking 
the  heads  of  grain  against  the  rungs  of  a  short  ladder  of  about  three  feet 
in  length,  which  is  made  to  lean  against  the  inside  edge  of  a  large  tub, 
but  occasionally  it  is  laid  upon  mats  and  trodden  out  by  buffaloes,  or  in 
smaller  quantities  by  foot.  I  may  add  that  buffaloes  are  similarly  used 
for  breaking  up  the  surface  of  the  ground  before  the  rice  is  planted. 

Metrtl-work —  Grneral. 

As  regards  Malay  metal- work,  Mr.  W.  IWenhain  (late  of  the 
Engineering  Department  of  Cambridge  University)  last  year  read  a, 
paper  before  the  Association,  and  more  recently  before  the  Institute,  in 
which  lie  touched  upon  xarious  points  of  Malay  metallurgy  in  which 
his  experience  was  likely  to  pro\e  useful.  His  investigations  covered 
a  portion  of  my  notes  upon  Malay  kris-nmking,  copper  founding,  chain 
making,  and  goldsmith's  work. 

Inmicurl:. 

A  series  of  specimens  illustrating  the.  Malay  method  of  manufacturing 
a  waved  and  damascened  *  kris  '  were  collected  at  Trengganu,  together  with 
detailed  notes  of  the  operation  extending  over  three  days,  and  photographs 
of  the  blacksmiths  at  work  in  the  forge.  To  produce  the  damask  a  fcpilej 
is  made  consisting  of  layers  of  iron  :  this  is  welded  into  :i  rod,  .and  heated 
mid  twisted  into  the  shape  required  for  the  design  of  the  damask  (usually 
some  kind  of  a  scroll).  The  scroll  is  laid  between  other  layers  and  welded 
until  the  edges  of  the  welds  of  the  scroll  appear  through  tho  later  layers. 
The  '  waxes'  are  produced  by  heating  the  entire  blade  and  then  cooling  it 
with  water  throughout  except  at  the  point  where  a  c  wave  '  is  required. 
This  portion  being  still  red-hot  gives  way  on  being  hammered,  and  a 
repetition  of  tho  process  with  tho  blade  reversed  makes  a  single  complete 
•wave.'  Tho  Malay  smith  uses  tool-iron,  and  seldom  if  ever  smelts  him- 
self ;  but  iu  one  place  I  xvas  shoxvn  x\hat  1  believe  to  have  been 
telluric  iron  cropping  out  above  the  surface  of  the  ground,  and  which  I 

E  B  2 


420  REPORT— 1901. 

was  assured  was  formerly  manufactured  into  kitchen  utensils,  though  un- 
fortunately the  smith  had  long  left  the  neighbourhood,  and  I  could  get  no 
further  information  about  it.  The  Malay  smith  makes  all  sorts  of 
weapons  (chiefly  daggers  and  knives)  as  well  as  agricultural  implements 
(axes*  and  hoes). 

Copper-worli. 

The  manufacture  of  copper  vessels  which  I  witnessed  in  Kelantan  and 
other  places  is  effected  by  the  cire-jwrdue  process,  of  which  my  notes  con- 
tain full  details.  Photographs  were  taken  at  various  stages  of  the 
operation,  and  the  specimens  include  copper  vessels  in  all  stages,  from  the 
making  of  the  mould  to  the  finished  article,  as  well  as  specimens  of  tools 
used  by  the  operator.  An  alloy  of  tin,  which  is  called  by  the  Malays 
*  white  copper '  *  (for  which  it  may  bo  merely  an  inferior  trade  substitute, 
in  which  case  the  name  may  be  a  mere  tradition  of  tutawfa  or  ' tooth - 
and-egg'  metal,  as  it  is  sometimes  called  in  the  trade),  is  cast  by  an  almost 
identical  (cire-perdue)  process. 

Tin-work. 

The  trade  of  the  tinsmith  (which  consists  largely  in  the  making  of  tin 
oil  lamps)  is  almost  exclusively  in  Chinese  hands,  but  certain  branches  of 
it  form  special  industries.  Thus  the  casting  of  chains  to  serve  as 
weights  for  casting  nets  is  a  Malay  industry,  and  is  effected  by  means 
of  a  very  ingenious  mould,  which  after  casting  a  first  series  of  links 
can  bs  taken  to  pieces  and  reversed  so  as  to  enable  a  second  row  to  be 
cast  through  the  first,  the  combined  series  thus  forming  a  chain.2  Another 
very  important  allied  industry  consists  of  the  manufacture  of  tho  tin 
coins  or  *  cash,'  ot1  which  every  petty  State  on  the  Kast  Coast  once  had 
its  own  type,  but  which  are  fast  becoming  obsolete  in  most  localities.  A 
very  interesting  and  important  point  (referred  to  above)  about  the  manu- 
facture of  these  '  cash  '  is  that  they  are  cast  in  the  shape  of  trees,  which 
are  called  'cash  tress,'  three  specimens  of  which  I  was  fortunate  in  obtain- 
ing ;  a  fact  which  may  possibly  give  fresh  meaning  to  the  c  shaking  of  tho 
pagoda-tree/  which  was  formerly  so  familiar  a  phrase  with  T-  .:'.:  .]i:  •  :  . 

Gold  and  Silver  Kmith. 

A  set  of  goldsmith's  tools,  goldsmith's  balance  and  weights,  goldsmith's 
crucible,  and  other  articles  used  in  his  work  were  obtained  for  the  expedi- 
tion, making  a  very  interesting  series.  An  excellent  photograph  ot  the 
goldsmith  atworV  -1.  •.'.!•  _r  Ins  small  portable  furnace  and  bellows,  was 
also  taken,  and  •!•••  .,!*  n:  ;. he  methods  ascertained  which  in  this  case  at 
all  events  are  clearly  of  Indian  origin.  Tim  most  interesting  process  (of 
which  full  notes  were  taken)  was  perhaps  that  of  reddening  the  gold, 
which  is  effected  by  artificial  means,  and  gives  it  a  greatly  enhanced  value 
in  the  eyes  of  Malay  buyers. 

Carpentry  (llmws  and  Boat*). 

Photographs  and  notes  were  taken  of  the  building  of  houses  and  of 
boats.  The  information  collected  under  this  latter  head  is  being  incor- 
porated in  a  monograph  upon  the  boats  of  the  Malay  Peninsula  by  Air.  H. 
Warington  Smyth,  the  material  being  based  upon  my  notes  and  the  large 
collection  of  Malay  boats  and  ho:it  building  models  now  in  the  Cambridge 
University  Museum. 

1  \Vhitemetal.  *  Used;  to  weight  casting  nets. 
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Sheath-making  (  Cabinet-work)  . 

The,  making  of  sheaths  and  hilts  (for  knives  and  daggers)  is  a  separate 
industry  about  which  full  details  were  obtained,  together  with  a  complete 
set  of  sheathmaker's  tools,  including  some  very  ingenious  gauges  for 
measuring  the  depth  of  the  hollow  in  a  sheath. 

Pottery. 

I  saw  in  several  places  the  making  of  tho  unburnt  article.  A  portion 
of  clay  is  separated  from  the  heap,  moistened,  and  kneaded  partly  by  foot 
and  partly  by  hand.  When  sufficiently  worked  up  it  is  *  thrown  '  on  the 
wheel,  i.fl.j  it  is  placed  upon  the  centre  of  the  potter's  wheel,  which  is  a 
species  of  small  turn-table  resting  on  a  finely  polished  hard-wood 
pedestal  or  block  upon  which  it  revolves,  the  lump  of  clay  in  the*  centre 
being  moulded  by  hand  as  it  revolves  with  tho  wheel.  With  considerable 
difficulty,  owing  to  its  being  thought  an  unlucky  object  to  sell,  ]  succeeded 
in  buying  one  of  these  wheels  ;is  a  specimen,  together  with  the  half-formed 
vessel  then  standing  upon  it.  When  the  shaping  process  is  complete  the 
pots  are  decorated  (the  design  being  partly  printed  by  means  of  the 
stamps  and  partly  traced  according  to  requirements  with  a  fcinall  spatula 
or  pointed  stick),  after  which  they  are  iired  and  piled  in  stacks  in  the  open 
iintil  the  time  comes  for  their  removal.  Glaze  is  not  used,  but  1  have 
seen  pots  being  painted  with  a  species  of  dark-red  stain  or  *  paint,7  as 
the  Malays  call  it  (made  by  grinding  a  kind  of  la  to  rite,  and  mixing  it 
with  water,  when  it  is  applied  to  the?  vessel  'by  way  of  ornament,'  as 
the  Malays  say. 


Ibyw  and  tit  r  uit/ 

A  great  deal  of  rope  and  string  was  being  made  at  Trengganu,  much 
more  than  in  any  other  place,  visited  by  the  expedition.  Exhaustive  lists 
of  the  substances  of  which  the  raw  material  wis  composed  were  inside  in 
more  than  one  locality,  the  processes  investigated,  and  several  kinds  of 
apparatus  used  for  the  twisting  of  tho  strands,  one  of  them  a  species  of 
box  with  pins  revolving  in  opposite  directions,  were  purchased. 

Mat  and  Ibtskct  ll'vrl. 

A  large  number  of  mats  and  baskets  were  obtained  by  the  expedition, 
but  it  has  not  yet  been  possible  to  do  anything  towards  working  them  out, 
though  Mr.  H.  Ling  Roth  has  kindly  offered  to  undertake  tho  former. 
The  mats  which  were  made  by  the  women  were  usually  composed  of 
woven  strips  of  HH'iHjkuantj  (screw-palm)  or  pandanus  leaf,  the  latter  pro- 
ducing the  finer  article,  but  various  other  vegetable  substances  \\ere  used. 
For  tho  mat-work  wall-screens  of  a  house  flattened  stems  of  bamboo  were. 
combined  to  form  many  striking  patterns,  whilst  for  the  wall  screens  of  a 
rice  barn  the  flattened  ntem  of  a  creeper  was  used.  Mat-  work  was  also 
largely  used  for  sails.  When  tho  strands,  which  are  made  by  slitting  up 
the  leaves  into  strips  with  a  toothed  instrument,  aro  dry  enough,  the 
operator,  sitting  on  tho  floor  of  her  house,  presses  down  the  even  strands 
with  her  foot  or  a  rulor-like  implement  constructed  for  the  purpose,  at 
the  saino  timo  lifting  up  the  odd  strands  under  which  she  proceeds  to  push 
the  even  ones  with  a  species  of  wooden  bodkin.  Many  of  the  sleeping 
mats  we  saw  (e.g.,  thoso  on  the  Aring  River)  wero  of  beautiful  workman- 
ship, and  found  a  ready  market  in  the  East  Coast  States.  Baskets  are 
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made  of  bamboo,  utin^  an(;[  mally  other  vegetable  substances,  and  though 
they  are  as  a  rule  roa(je  plain  are  not  unfrequently  (especially  when 
used  for  holding  rj%)  decorated  with  tasteful  patterns. 


Spinning  and  Wearing. 

The  set  of  apparatus  used  for  spinning  and  weaving  forms  one  of  the 
most  valuable  series  brought  back  by  the  expedition.  The  spinning 
industry  is  already  as  nearly  as  possible  obsolete,  being  only  practised  by 
the  poorest  of  the  poor  in  out-of-the-way  jungle  districts,  and  the 
implements  when  seen  had  to  be  purchased  at  sight  for  whatever  their 
owners  would  accept  in  payment,  as  there  was  but  small  chance  of  meeting 
with  them  again.  The  cotton  is  first  passed  through  a  small  hand-mill  or 
gin  (of  which  two  specimens  were  obtained)  for  the  removal  of  the  liM'd 
black  seeds.  It  is  then  scutched  by  means  of  a  small  bow  (one  specimen 
purchased),  the  string  of  which  was  twanged  with  a  short  piece  of  bamboo 
(also  purchased),  flattened,  and  rolled  a  little  on  a  special  board  with  a 
specially  made  rolling-pin  (both  purchased),  spun  oft*  on  the  point  of  a 
spinning-wheel  of  the  Indian  (Behar)  type,  and  wound  oiF  on  to  a  winder 
(purchased),  stretched  on  a  rack  (purchased),  dipped  and  brushed  with 
the  fruit  of  the  nipah-palm  (brushes  purchased),  dyed  and  transferred  to 
the  spools  which  were  hung  on  a  spool-carrier  (also  purchased).  So  far 
as  the  spinning  goes  there  does  not  seem  to  have  been  any  important 
divergence  from  Indian  methods.  The  w-irp  nivirsir.  however,  appears  to 
be  done  on  a  system  for  which  I  have  as  yet  failed  to  find  any  parallel. 
In  India  (Dacca)  two  parallel  rows  or  rods  about  four  feet  apart  are 
planted  in  the  ground,  and  the  warp-layer,  holding  a  small  \vheel  of  warp 
yarn  in  each  hand,  passes  the  latter  over  one  of  the  parts,  and  then  walks 
along  the  rows  laying  down  the  threads  and  crossing  them.  In  parts  of 
Sumatra  this  method  may,  1  believe,  be  seen,  Vut  the  Malay  warp-layer  of 
the  Peninsula,  on  the  other  hand,  arranges  the  spools  in  an  elongated  frame, 
which  may  be  compared  to  a  ladder,  of  which  the  spools  form  the  steps  or 
rungs.  This  frame  or  spool-ladder  is  suspended  horizontally  from  the 
roof-timbers  of  the  bouse,  and  on  the  floor  beneath  it  is  deposited  a  second 
frame,  which  consists  of  a  number  of  long  pegs  (probably  corresponding  to 
the  rods  used  by  the  Indian  method),  which  are  fitted  firmly  into  a  couple 
of  boards,  the  distance  between  which  may  be  varied  by  shifting  a  central 
board  which  runs  between  them.  Round  the  pegs  just  referred  to  the 
warp-threads  are  laid,  the  threads  being  drawn  down  as  required  from  the 
spools  lying  in  the  frame  above  the  warp-layer's  head.  Jt  will  be 
interesting  to  discover  a  parallel  to  this  process,  which  is,  I  believe,  widely 
known  among  Malayan  tribes. 

The  Malay  shuttle  again  presents  a  marked  divergence  from  the 
Indian  type,  though  the  methods  of  pattern  making  (by  tying  and  dyeing 
the  threads,  &c.)  appear  to  be  similar  to  Indian  methods,  and  are  identical 
with  those  followed  in  other  parts  of  the  Malay  region,  «.*/.,  in  Borneo  and 
Sumatra.  Throughout  the  Siamese-Malay  States  I  collected  specimens 
illustrating  the  various  stages  in  the  process  of  dyeing,  to  show  the 
arrangement  of  the  threads  in  the  formation  of  the  favourite  Malay 
check  -patterns.  In  order  to  complete  the  series  I  purchased  a  Malay 
loom,  with  the  cloth  in  process  of  making,  which  is  now  with  the  rest 
of  the  ethnographical  specimens  brought  back  by  the  expedition.  The 
specimens  also  include  embroidery  and  needlework  frames. 
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Miscclltweoiis  Industries, 

Other  interesting  industrial  specimens  which  were  obtained  were  (1) 
the  grooved  hard-wood  block  on  which  waxed  cloths  are  polished  by  means 
of  a  cowry  shell,  the  pressure  being  applied  by  a  springy  rod,  the  upper 
end  of  which  is  made  fast  to  one  of  the  roof  timbers  (cowry  shell,  rod,  and 
cloth  also  purchased,  and  photograph  taken  of  operator),  to  which  may  be 
added  ("2)  an  oil-press  for  manufacture  of  cocoanut  oil.  (3)  Model  of  a 
sugar-cane  press,  worked  on  an  ingenious  elaboration  of  the  cog- 
principle.  (  I)  A  tobacco-cutting  machine.  The  tobacco  leaf  is  pushed 
along  a  species  of  shallow  trough  till  it  reaches  a  hole  (at  the  end  of  the 
trough),  and  is  thuii  sliced  off  with  a  sharp  knife  as  it  is  pushed  through 
the  hole. 

Of  non-industrial  specimens  I  may  specially  mention  the  sets  of  Malay 
lighting-cock  spurs  and  the  series  of  Malay  instruments  of  music, 
including  Malay  fiddles,  flutes,  and  the  primitive  instruments  made  of 
bamboo  which  are  found  everywhere  among  Jungle  -Malays.  1  may  here, 
too,  mention  the  phonographic  records  (so  kindly  undertaken  by  Dr.  Lloyd), 
most  of  which  were,  records  of  the  songs  of  the  aborigines,  though  a  few 
were  those  of  Jungle  Malays. 


Instruments  of  Torture. 

The  system  of  confining  prisoners  in.  small  cages  or  kennels  about 
6  feet  by  "2  feet  by  0  feet  is  rapidly  becoming  obsolete,  but  still  lingers 
on  in  a  few  localities.  We  brought  away  with  us  most  of  the  typical 
furniture  of  a  Malay  lock-up,  including  the  huge  bamboo  yoke,  or  '  cangue,' 
which  the  prisoner  wears  round  his  neck  on  his  way  to  jail,  and  which 
consists  of  a  couple  of  big  bamboos  about  10  feet  in  length  fastened 
together  with  pins.  In  addition  to  the  cangue  were  obtained  (1)  a  small 
beam  which  served  as  the  local  *  stocks  '  ;  (l!)  apparatus  for  compressing 
(crushing)  the  thumb  or  great  toe  ;  (X)  apparatus  for  compressing 
(crushing)  the  temples,  a  species  of  big  nutcrackers  the.  application  of 
which  to  the  victim's  skull  is  said  to  have  been  frequently  fatal;  (4) 
apparatus  for  strangling  condemned  criminals.  (f>)  Photographs  were 
also  taken  of  two  men  who  had  their  hands  and  feet  lopped  off  for  theft, 
as  well  as  of  a  number  of  prisoners  who  were  confined  in  the  kennels  above 
referred  to. 

Ceremonial  ltite$  and  Garnet*. 

A  number  of  objects  obtained  by  the  expedition  were  connected  with 
ceremonial  rites,  especially  marriage  and  circumcision,  about  both  of 
which  ceremonies  a  large  body  of  information  was  obtained. 

(James  were  also  carefully  studied,  full  descriptions  of  many  of  them 
being  taken  down  as  they  were  performed. 

Popular  Rein/inn  and  Folklore. 

A  large  number  of  the  specimens  and  notes  collected  fall  under  this 
heading,  and  these  it  is  my  intention  to  compare  with  the  contents  of  my 
book  on  Malay  magic  as  soon  as  the  opportunity  otters.  The  notes  taken 
may  be  classified  as  follows  :  — 

(1)  Folk-tales  and  fables. 

(2)  Specimens  and  notes  relating  to  popular  religion  and  magic. 

(3)  General  mythology  and  superstitions. 
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Of  the  foregoing  (1)  a  small  selection  of  the  best  fables  and  folk-tales 
has  been  made,  and  will  now  shortly  appear,  under  the  auspices  of  the 
University  Press.  It  is  entitled  '  Fables  and  Folk-tales  from  an  Eastern 
Forest.'  (2)  The  notes  on  religious  ceremonies  include  detailed  descrip- 
tions of  the  rites  connected  with  marriage,  adolescence,  and  death  ;  annual 
ceremonies  for  the  expulsion  of  evil  spirits  from  the  villages  by  means  of 
spirit-boats  ;  invocations  of  the  elephant-spirit,  &c.  ;  hunting,  fishing, 
and  trapping  charms,  and  ceremonies  performed  by  the  medicine-man  both 
for  purposes  of  divination  and  for  the  expulsion  of  evil  spirits  from  sick 
persons  by  means  of  good  ones,  as  well  as  various  spiritualistic  perform- 
ances such  as  the  fish-trap  dance,  which  was  witnessed  in  several  places. 

Other  of  my  notes  describe  the  expulsion  of  evil  spirits  from  inanimate 
objects,  e.g.,  fruit  trees  and  crops,  as  well  as  various  methods  of  working 
upon  nature  by  means  of  *  make-beliove,'  <?.r/.,  by  the  ceremony  of  taking 
the  rice-  soul,  by  ceremonies  for  the  production  and  prevention  of  wind 
and  rain,  &•„•. 

This  latter  class  includes  a  great  many  notes  on  superstitions  about 
natural  phenomena,  birds,  beasts,  Ac.,  which  will  be  valuable  for  pur- 
poses of  comparison  with  the  beliefs  held  by  the  West  Coast  Malays. 

Aboriyines. 

In  order  to  deal  with  my  notes  upon  the  wild  aborigines,  I  have 
planned  the  outlines  of  a  book,  which  I  hope  to  publish  at  no  very  distant 
date,  in  which  they  will  be  incorporated  together  with  much  of  the 
information  previously  collected  by  myself  on  the  same  subject  as  well  as 
that  obtained  from  other  writers.  The  information  collected  during  tho 
expedition  consisted  of  notes  on  physical  characteristics,  dress,  ornaments, 
weapons,  hunting  and  fishing,  food  and  cooking,  agriculture  and  arts, 
music,  songs  and  dances,  wedding  and  funeral  ceremonies,  medicinal  and 
other  notes,  mythology  and  superstitions,  magic  and  religion,  vocabularies 
and  language,  and  a  variety  of  similar  subjects. 

A  chapter  on  the  measurements  taken  and  the  physical  characteristics 
of  the  aborigines  is  being  worked  up  by  Messrs.  W.  L.  II.  Duckworth 
and  Laidlaw.  The  phonographic  records  of  their  songs  have  been  sent  to 
Dr.  R.  J.  Lloyd,  of  Liverpool,  the  well-known  phonetician,  who  lias 
already  commenced  work  upon  them.  The  vocabularies  and  grammatical 
notes  (the  former  consisting,  I  believe,  of  several  thousand  words)  have 
been  sent  to  Mr.  C.  0.  Blagden,  who  has  kindly  undertaken  to  write  the 
chapter  on  the  language. 


As  regards  the  Book  of  the  Phrams,  referred  to  in  my  last  report,  I 
regret  to  say  that  I  am  not  yet  able  to  report  much  progress.  Tho  only 
evidence  as  yet  forthcoming  has  been  of  a  negative  character,  though  it  is 
nevertheless  by  no  means  without  importance.  The  Phram-book  has  been 
examined  by  Dr.  Griersou,  of  the  Linguistic  Survey  of  India,  who  has 
pronounced  it  not  to  be  composed  in  any  Indian  dialect,  What  appears 
to  be  required  for  its  decipherment  is  a  combined  knowledge  of  Siamese 
and  Sanskrit,  or  Pali,  a  combination  which  has  hitherto  proved  not  very 
easy  to  encounter. 
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Silehester  Excavation.— Report  of  the  Committee,  consisting  of  Mr. 
ARTHUR  J.  EVANS  (Chairman),  Mr.  J.  L.  MYRES  (tiewettiry), 
and  Mr.  E.  W.  BRA13ROOK,  appointed  to  co-operate  with  the  ftil- 
chestrr  Excavation  Fund  Committee  in  their  Ijxcavations. 

THE  Committee  have  to  report  that  the  excavations  fit  Silchester  in  1900 
were  begun  early  in  May,  and  continued,  with  the  usual  break  during 
the  harvest,  until  December  4. 

The  excavations  were  confined  to  the  large  area,  containing  in  all 
S  ncros,  situated  between  Itmula  XI J  (excavated  in  1804)  and  Jnmila 
XXII  (excavated  in  ISO!)),  and  extending  up  to  the  north  gate  and  town 
wall.  The  area  in  question  contains  four  intsulw,  which  have  been 
numbered  XXI II  to  XXVI. 

lnt*n/a  XX  III  formed  the  northernmost  of  a  series  of  unusually 
large  squares  occupying  the  central  portion  of  the  town.  A  fair-sized 
house  at  the  south -west  corner  was  uncovered  by  the  late  Rev,  J.  G. 
Joyce  in  1MG5  ;  the  recent  excavations  have  revealed  nn  additional  series 
of  chambers  on  the  north-east.  Another  house  of  large  size  with  several 
mosaic  pavements  was  also  uncovered  on  the  east  side  of  "the  inmrftt,  and 
in  the  mouth  of  its  courtyard  was  a  small  square  building  which  may 
have  been  devoted  to  sacred  purposes.  This  had  been  built  up  round  a 
small  and  earlier  structure  of  the,  same  chaiacier.  The  other  traces  of 
buildings  in  this  insiifa.  despite  its  size,  were  singularly  scanty,  but  the 
rubbish  pits  and  wells  were  unusually  productive  in  objects  of  interest. 
In  pottery  these  yielded  upwards  of  a  hundred  whole  vessels  of  all  kinds 
and  sizes,  and  from  one  of  the  wells  was  recovered  another  great  hoard 
of  iron  tools,  mostly  a  smith's,  similar  to  that  found  in  1^00  in  Inaula  I, 
but  considerably  larger  numerically. 

/;w?//a  XX  1 V  forms  a  long  and  narrow  triangular  strip,  bounded  on 
the  north  by  the  town  wall  and  its  bank.  Huch  strips  have  hitherto 
proved  more  or  less  empty  of  buildings,  but  in  this  case  it  contained  two 
houses,  one  of  which  was  of  large  size  and  of  exceptional  interest  from 
the  peculiarity  of  its  plan  and  the  number  of  mosaic  floors  in  it. 

Inattht  XXV,  a  small  triangular  area  next  the  north  gate,  contained 
only  two  small  structures,  apparently  connected  with  dyeworks. 

Insulu.  XXVI,  though  of  some  size,  had  in  it  at  least  two  houses  : 
a  small  one  on  the  west,  and  another  in  the.  south-east  quarter  which 
was  part  in  I  ly  uncovered  by  JMr.  Joyce  in  1860.  Its  complete  plan  has 
now  been  revealed.  There  are  also  traces  of  a  ruined  house  near  the 
south-west  angle.  Hesides  the  houses,  Insnla  XXVI  contained  traces 
of  at  least  three  other  structures.  One  of  them  was  represented  by  a 
solid  circular  platform  with  a  cement  floor  "27  feet  in  diameter,  enclosed 
apparently  by  woodwork  or  half-timbering.  The  pit  and  wells  in  this 
iiiHufa  were,  few  in  number,  and  yielded  few  objects  of  interest. 

Taken  as  a  whole,  the  results  of  the  season's  work  were  fully  up  to 
the  average,  both  in  the  character  of  the  buildings  uncovered  and  the 
variety  and  number  of  objects  found  in  and  about  them.  The  quantity 
of  pottery  and  the  hoard  of  smith's  tools  are  also  quite  exceptional. 
The  objects  in  bronze,  bone,  &c.  also  include  many  interesting  things. 

The  coins  found  were  as  numerous  as  usual,  but  not  very  important. 

A  detailed  account  of  all  tiie  discoveries  was  laid  before  the  Society  of 
Antiquaries  on  May  23,  1901,  and  will  be  published  in  '  Archwologia.' 
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A  special  exhib^on  °^  *ke  antiquities,  <fec.,  found  was  held,  as  in 
former  years,  at  Buriington  House  by  kind  permission  of  the  Society  of 

Antiquaries.  .  _     _  _  ,. 

The  statement  of  accounts  for  the  year  1900  shows  a  totul  expendi- 
ture of  557?.  3s.  7d.  '  . 

It  is  proposed,  durun§  ™e  curren^  year,  to  excavate  a  strip  of  ground 
east  of  InsulcK  XXI  and  XXII,  and,  if  possible,  to  begin  the  systematic 
exploration  of  the  grass  ^e^  ^n  the  centre  of  the  town.  The  Committee 
therefore  ask  +**  ^e  reappointed,  with  a  further  grant. 


--"---"— -:l 


Anthropological  Photographs. — Interim  Report  of  the  Committee,  con- 
sisting of  Mr.  0.  H.  BEAD  (Chairman),  Mr.  J.  L.  MYRES 
(Secretary),  Mr.  H.  BALFOUR,  Professor  FLINDERS  PETRIE,  Dr. 
J.  G.  GARSON,  Mr.  E.  S.  HARTLAND,  and  Mr.  H.  LING  KOTH, 
appointed  for  the  Collection,  Preservation^  and  Systematic  Registra- 
tion of  Photographs  of  Anthropological  Interest. 

THE  Committee  report  that  further  progress  has  been  made  in  the 
collection  and  registration  of  photographs  of  anthropological  interest,  and 
that  a  first  list  of  photographs  is  in  course  of  preparation.  The  Com- 
mittee ask  to  be  reappointed,  with  the  balance  in  hand  from  the  former 
grant  of  102, 
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The  Aye  of  Stone  Circles. — Report  of  the  Committee,  consisting  of 
Dr.  J.  G.  (I'AKSOX  (Chairman),  Mr.  II.  HALKOUR  (Fierretary),  Sir 
JOHN  KVANS,  Mr.  C.  II.  BEAD,  Professor  R.  MELDOLA,  Mr.  A.  J. 
EVANS,  Dr.  R.  MCJXKO,  Professor  Born  DAWKINS,  and  Air.  A.  L. 
LEWIS,  (ij)jiointnl  to  cond'urt,  Itiqilorations  frith  the  object  of  Axcer- 
taininy  the  Aye  of  titone  Circlet*.  (iJruwn  up  />//  ike  Chtiirmati.) 

THE  Committee  have  to  report  that  after  careful  consideration  of  the 
various  stone  circles  in  different  parts  of  the  country  that  of  Arbor  Low 
in  Derbyshire  was  fixed  upon  as  the  most  convenient  and  suitable  for  the 
exploration  which  the  grant  at  their  disposal  would  permit  of  being 
undertaken,  a  well  marked  ditch  and  rampart  surrounding  it,  while  the 
circle  itself  is  fairly  complete  as  regards  the  stones  forming  it,  although 
none  of  these  are  now  standing.  The  consent  of  the  ground  landlord, 
the  Duke  of  Rutland,  wa.b  freely  given  for  the  exploration,  as  was  also  that 
of  the  First  Commissioner  of  Works,  under  whose  care  the  circle  is  placed 
as  an  ancient  monument  under  the  Act  of  Parliament.  The  tenant  of 
the  farm,  Mr.  Warrilow,  likewise  readily  acquiesced  in  the  project.  The 
Committee  were  fortunate  enough  with  the  consent  of  the  chairman  and 
committee  of  the  Taunton  Museum  to  secure  the  sen  ices  of  Mr.  H.  St. 
George  Gray,  the  curator  of  that  museum,  who  has  had  much  experience, 
acquired  under  the  late  General  Pitt-Rivers,  to  direct  the  exploration. 
Finally,  through  the  kindness  of  Mr.  A.  Pitt-Ri\ers,  the  excellent 
apparatus  used  by  his  father  in  his  excavations  -was  placed  at  their  dis- 
posal. To  one  and  nil  of  these  gentlemen  the  best  thanks  of  the 
Committee  are  due  for  the  part  they  have  taken  in  facilitating  the  exami- 
nation of  this  important  and  interesting  monument  of  antiquity. 

The  following  is  the  report  submitted  to  the  Committee  by  Mr.  Gray 
which  gives  an  account  of  the  work  conducted  by  him,  after  which  follow 
reports  by  Mr.  II.  Balfour  on  the  stone  implements  found,  and  by  Dr. 
Garson  on  the  human  remains. 

On  the  fiyrcamtioHs  at  Arbor  Lon^  Auyust  1901. 
n\j  Jl.  ST.  GKORGK  GRAY. 

Arbor  Low  is  situated  in  one  of  the  most  sparsely  inhabited  districts 
of  Derbyshire,  in  the  parish  of  Bakewell,  from  which  town  it  is  4;}  miles 
distant  in  a  south-westerly  direction  as  the  crow  flies.  The  nearest 
railway  station  is  Parsley  If  ay,  one-  mile  to  the  west,  on  the  new  Buxton 
and  Ash  bourne  Railway,  llartington  is  2J  miles  to  the  S.\V.  of  Arbor 
Low,  Middleton  2]  miles  to  the  east,  and  Monyash  2  miles  to  the  north. 
The  monument,  which  is  situated  on  a  long  ridge  of  hill  nearly  1,200 
feet  above  the  sea-level,  commands  a  most  extensive  view  towards  Buxton 
and  Bakewell,  in  a  northerly  and  easterly  direction. 

Preliminary  arrangements  having  been  made  and  the  workmen  having 
been  directed  to  remove  turf  in  various  places,  the  first  thing  to  do  was 
to  begin  a  complete  survey  of  the  monument.  A  square  (98  metres  =  820 
feet  on  each  side)  was  formed  round  the  vallum,  enclosing  an.  area  of 
about  2£  acres,  and  the  plan  of  the  stones  was  commenced  at  a  scale  of 
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240  to  1  (=20  feet  to  an  inch).  The  exact  position  of  each  stone  was 
taken  by  means  of  bearings  and  triangulation  from  fixed  points,  checked 
by  cross-measurements.  The  plateau  on  which  the  in"i;alilli->  He  is 
encompassed  by  a  fosse,  and  averages  about  49  metres  in  diameter.  The 
figure  formed  by  the  circle  of  stones  is  pear-shaped,  the  top  of  the  pear 
to  the  south-east,  the  point  to  the  north-west.  It  consists  of  rough 
unhewn  stone  slabs  of  mountain  limestone,  of  which  many  of  the  largest 
average  3  metres  in  length  by  lm'40  in  breadth  :  they  are  of  variable 
thickness,  extremely  irregular  in  form,  and  some  are  fractured  ;  they  all, 
with  one  exception,  lie  upon  the  ground,  many  in  a  somewhat  oblique 
position,  all  more  or  less  recumbent.  The  weathering  of  their  surfaces, 
the  cleavage,  the  *  pot-holes  '  in  them,  are  intensely  interesting,  especially 
to  the  geologist.  In  giving  numbers  to  the  stones  (Nos.  I.  to  XLV1., 
in  the  plan)  there  is  no  pretension  made  to  count  the  original  number  of 
the  stones  as  put  into  position  by  the  constructors  of  the  monument  ; 
they  are  simply  numbered  to  facilitate  reference  and  to  distinguish 
one  from  another  in  describing  them.  Some  of  the  very  small  stones 
and  stumps  have  been  numbered  separately  (Nos.  1  to  13).  The 
position  and  slopo  of  the  stones  individually  are  extremely  varied  : 
the  majority  lie  in  shallow  depressions,  although  some  are  quite  on  a 
level  with  the  general  turf  line  ;  others,  again,  are  surrounded  by  slight 
mounds,  the  turf  in  many  cases  growing  round  and  over  the  sides  of  the 
stones.  The  longest  stone  is  in  the  centre  of  the  circle  (No.  II.),  which 
measures  4m*57  in  length,  whilst  the  widest  is  also  in  the  centre  (No.  L), 
2m<44  in  width.  The  largest  stone  in  the  virr.lr  is  No.  X.,  the  length 
of  which  is  3m'9G,  and  the  width  lln>83.  There  is  one  exception  to  the 
stones  being  recumbent,  and  that  is  No.  XVI.,  on  the  west  bide,  which 
leans  towards  the  north-east  at  about  35 D  or  40°  with  the  surface  of  the 
surrounding  turf  :  it  stands  at  its  highest  part  lin'OG  from  the  ground. 
It  would  be  desirable  to  excavate  round  some  of  the  stones  of  the.  circle 
to  endeavour  to  find  holes  in  which  these  monoliths  may  have  originally 
stood.  This  kind  of  thing  has  been  done  in  the  exploration  of  circles 
on  Dartmoor.  Dr.  Pegge  mentions  an  old  man  who  saw  some  of  the 
stones  standing,1  and  Mr.  Bateman  another.2  Glover,  in  his  'History 
of  the  County  of  Derby, ;{  mentions  a  third,  and  tersely  adds  that  'this 
secondary  kind  of  evidence  does  not  seem  entitled  to  much  credit.' 

The  published  plans  of  Arbor  Low  are  for  the  most  part  far  from 
correct,  Sir  J.  G.  Wilkinson's  plan  being  the  only  exception.1  In  this 
small  plan  the  position  of  the  circle  of  stones  is  fairly  correct,  although 
there  are  several  discrepancies  in  the  proportional  sizes  of  the  stones,  and 
the  central  group  should  be  a  fow  feet  further  north-west  and  west. 

The  area,  or  plateau,  enclosed  by  the  fosse  presents  a  very  uneven 
surface,  but  the  contours  across  this  part  of  the  plan  have  been  delineated 
to  follow  the  general  slope  of  the  ground,  and  not  to  mark  every  little 
depression  or  slight  elevation  as  it  occurred.  The  contours,  of  0'5  foot 
(IT)  cm.)  vertical  height,  show  the  shapo  of  the  monument  and  its 
immediate  surroundings  within  the  *  square.'  The  highest  contour  comes 
on  the  top  of  the  tumulus  on  the  south-east  rampart  (opened  by  Bate- 
man),  the  lowest,  at  the  northern  corner  of  the  survey,  showing  a  fall  of 
7m*47  in  the  ground  from  top  to  lowest  part.  It  is  not  unusual  to  take 

1  Archvologia,  vol.  vii.  pp.  131-148. 

*  -Jonrn.  Brit.  Arch.  Aisoa.,  vol.  xvi.  p.  116. 

»  Published  in  1829,  vol.  i.  p.  275.        *  Journ.  Brit.  Arch.  Atsoc,,  vol.  xvi.  pi.  9. 
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levels  on  fixed  lines  giving  contours  of  1  or  2  feet  (30*5  or  61  cm.)  vertical 
height,  and  to  fill  in  intermediate  15-2  cm.  (0-inch)  contours  by  the  eye; 
but  to  ensure  absolute  precision,  to  show  the  little  knolls  and  depressions 
on  the  vallum  at  the  south-west,  north,  and  east,  to  mark  the  irregu- 
larities made  by  Batemaii  on  the  summit  of  the  tumulus,  to  indicate  the 
little  dyke  running  in  a  southerly  direction  from  the  vallum -it  was 
desirable  that  all  the  6-inch  contours  should  be  surveyed  severally,  which 
entailed  the  necessity  of  taking  some  eighteen  hundred  levels  ! 

The  periphery  of  the  crest  of  the  vallum  constitutes  almost  a  true' 
circle,  with  a  diameter  of  exactly  76in<25,  as  shown  by  the  outer  circle 
described  on  the,  plan.  The  centre  of  this  circle  comes  near  the  middle  of 
the  south-western  side  of  stone,  No.  Tl  I.  of  the  central  group.  The  crest 
of  the  vallum  deviates  very  slightly  in  any  part  from  the  true  circle 
excepting  on  the  north-west,  where  it  bulges  out.  The  bottom  of  the 
fosse,  as  seen  on  the  surface  of  the  silting,  declines  from  the  line  of  the 
true  circle  far  more  than  the  rampart,  as  shown  by  the  inner  circle 
described  on  the  pJan,  with  a  diameter  of  f)S  metres  ;  the  only  segment  of 
this  circle  that  can  be  said  to  be  true  is  on  the  south,  south-west,  and 
west.  The  ditch  is  thrown  out  far  more  than  the  rampart  to  the  north 
and  north-west  :  lut  it  would  not  be  expected  to  find  that  the  fosse  silted 
up  regularly  and  symmetrically  all  round,  whereas  the  crest  of  the  ram- 
part, of  course,  is  much  about  in  the  same  position  as  it  was  at  the  age  of 
construction. 

The  ditch  was  marked  by  a  depression  from  the  original  surface  all 
round  averaging  lm'37,  and  it  is  surprising  that  in  the  course  of  all 
these  jvge,s  it  should  not  have  silted  up  to  a  greater  extent  ;  had  the  monu- 
ment been  situated  in  a  chalk  district,  the  ditch  would  probably  have 
been  indicated  by  a  much  shallower  depression  on  the  surface. 

The  average  height  of  the  ^  allum  above  the  general  surrounding  turf- 
level  is  lm-83(6  feet)  —Dr.  Brushn'eld  states  IGfeet,  is.,  4m-88.1  Judging 
from  those  portions  of  the  ditch  already  excavated,  the.  material  obtained 
from  the  fosse  when  it  was  first  excavated  was  not  enough  to  form  the 
vallum,  but  the  construction  of  the  latter  will  be  mentioned  later  on. 
when  dealing  with  the  excavations.  The  confines  of  the  rampart  are 
bounded  at  various  points  by  ten  small  Governmental  stones.  The  fosse 
and  vallum  are  interrupted  on  the,  north-west  and  south-east  by  the 
entrance  causeways,  which  are  not  in  line  with  the.  central  group  of 
stones.  The  causeways  are  on  the  same  general  level  as  the  area  occupied 
by  the  megaliths  and  the  surrounding  land.  The  circumference  of  the 
rtnnpart,  including  the  entrances,  is  about  -4(5  metres. 

The  vallum  is  joined  on  the  south-west  by  a  slightly  raised  bank  — 
about  30  cm.  in  height— -and  an  almost  imperceptible  ditch,  which  runs 
for  sonic1  distance  in  a  southerly  direction.  Jt  would  be  desirable  to  cut 
a  section  or  two  across  this  so-called  *  serpent,'  to  ascertain  if  it  is  of  the 
same  date  of  construction  as  Arbor  Low  itself,  or  more  recent. 

On  the  south -east,  adjoining  the  external  face  of  the  vallum  and  partly 
resting  on  it,  a  tumulus  stands,  the  summit  some  2m>13  above  the  sur- 
rounding turf  level.  *  Between  1770  and  1821:  three  unsuccessful 
attempts  had  been'made  to  discover  an  interment,  but  a  fourth,  made,  by 
Mr.  T.  Bateman  on  May  23,  1845,  resulted  in  its  discovery.  About 
46icm.  above  the  natural  soil  a  large  slab,  lm*f>2  broad  by  91-5  cm.  wide, 

1  Journ.  Brit.  Arch.  A&soe.,  1900,  p,  129. 
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was  found  to  be  the  cover  to  a  six-sided  cist,  constructed  of  ten  pieces  of 
limestone  of  different  sizes  placed  on  end,  and  having  a  floor  formed  of 
three  other  pieces,  these,  like  the  rest,  being  untooled.  No  soil  had  pene- 
trated the  cist,  and  its  original  contents  had  been  undisturbed.  These 
consisted  of  two  small  urns  (one  11 '4  cm.  and  the  other  12  cm.  high), 
calcined  human  bones,  a  bone  pin,  a  small  Hint  weapon,  and  a  piece  of 
iron  pyrites.'  l  Mr.  Bateman  never  took  the  trouble  to  till  in  his  excava- 
tion properly,  the  result  being  that  five  little  knolls  exist  round  the  top  of 
the  tumulus  bounding  a  rather  deep  depression  in  the  centre.  In  addition 
to  this  he  threw  some  of  his  rubbish  into  the  ditch,  as  indicated  by  the 
contours  on  the  plain.  The  formation  of  this  tumulus,  which  is  probably 
of  somewhat  later  date  than  the  vallum,  has  caused  a  gap  to  occur  in  the 
vallum  on  either  side  of  the  mound.  There  is  also  another  irregularity 
in  the  form  of  the  rampart  to  the  north  of  tho  tumulus,  caused  by  a  kind 
of  spur  which  extends  half-way  across  the  fosse. 

The  photographs  of  the  diggings  on  the  whole  are  not  quite  satis- 
factory, although  some  of  them  could  not  well  have  been  better  under  the 
circumstances,  unfavourable  weather  prevailing  at  least  for  ono-third  of 
the  time.  The  photographs  of  some  of  the  c  finds,'  the  skeleton,  and  skull 
portray  the  originals  excellently. 

EXCAVATIONS. — The  excavations  were  commenced  on  August  8,  1901, 
by  making  a  cutting  through  the  ditch,  3m<6G  wide,  close  up  to  the 
south-eastern  causeway  (called  Section  1).  Roman  remains  were  looked 
for  under  the  turf,  but  without  success.  The  silting  was  re-excavated 
30  cm.  at  a  time  as  far  as  practicable.  Strewn  on  the  limestone  floor  of 
the  ditch  thirteen  teeth  of  ox  were  found,  and  on  tho  bottom  in  tho 
north-west  corner  of  the  cutting,  at  a  depth  of  lln't>5  from  tho  surface 
(2  on  plan  and  section),  pieces  of  red  deer's  antler  -one  piece  38  cm. 
long —  were  found  resting  on  a  solid  vein  of  clay  (running  between  the 
lime-stone),  which  traversed  the  bottom  of  the  ditch  obliquely  and  con 
tiuued  both  ways  in  south-easterly  and  north- westerly  directions.  It 
appears  probable  that  this  may  have  been  used  as  a  kind  of  pick  for 
loosening  the  previously  fractured  limestone  at  the  time  the  ditch  was 
first  excavated,  in  the  same  manner  as  the  antlers  of  the  Stone*  Ago 
described  by  Canon  Greenwell  in  (J  rimes  Graves. a  Fifteen  fragments  of 
aTitlers  of  red  deer  were  found  by  General  Pitt- Rivers  at  tho  bottom  of 
the  ditch  of  Wor  Barrow,  Handley  Down,  Dorset,  amongst  Stone  Ago 
relics.-'*  Nothing  else  was  found  in  Section  1,  which  was  (he  deepest  part 
of  the  fosse  re- excavated  ;  greatest  depth  lm*G5.  The  filling  consisted  of 
turf  and  turf  mould,  15  cm.  ;  mould  mixed  with  small  pieces  of  chert, 
4f>  cm.  followed  by  a  stiff  clayey  mould  to  Hie.  bottom.  The  nature  uf 
this  latter  is  well  shown  by  the  pick-marks  in  the  photograph.  The 
hard  stone  sides  of  the  ditch  and  causeway  were  exposed. 

Sections  '2  and  3  were  next  commenced.  Section  3  was  a  rutting, 
3m<05  wide,  made  across  the  ditch,  midway  between  Section  1  and  the 
north- west  causeway.  The  silting  was  very  soon  removed  in  this  case, 
the  uneven  limestone  floor  being  found  at  a  maximum  depth  of  55  cm. 
and  a  minimum  depth  of  33  cm.  from  the  surface  of  the  silting.  The 
vallum  at  this  point  was  particularly  high.  Three  stone  implements  were 

1  From  Dr.  Brushfield's  paper,  Jmtrn,.  Jirit.  Arch.  Agsoc.,  vol.  vi ,  113  w  wirics*, 
1900,  p.  134. 

-  Journ.  Ethnological  Society,  vol.  ii.  p  42r> 

3  Excavations  in  Craitborne  Chants,  vjl.  rv.  p.  133. 
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found  in  this  cutting.  At  '  3  '  on  plan  .and  section,  at  ft  depth  of  36  cm. 
a  rudely  chipped  pointed  stone  implement  (?  spear-head),  having  a  plano- 
convex cross- section,  length  (51  mm.,  greatest  width  4-1-  mm.  ;  at  *6'a 
worked  flake  of  black  flint  with  fine  secondary  chipping  at  a  depth  of 
15  cm  ;  and  at  '  7,'  at  the  same  depth,  a  chipped  end-scraper  of  greyish 
flint :  this  implen>,  tit  is  of  the  long  narrow  variety,  with  a  notch  on 
both  sides.  At  Sfeition  2,  about  4ln-H8  to  the  west  of  the  north-western 
causeway,  another  cutting,  3m<05  wide,  was  made  through  the  ditch  and 
the  rampart.  The  vallum  was  chosen  at  this  point,  as  it  presented  an  even 
surface,  and  being  comparatively  low  and  narrow  it  would  not  entail  so 
much  labour  in  removing.  No  relics  were  found  in  this  cutting,  except 
a  small  doubtfully  artificial  stone  scraper  picked  up  on  the  *  old 'surface 
line '  (4  on  plan  and  section).  The  absence  of  relics  in  this  section  was 
very  disappointing.1  The  cutting,  however,  was  of  value  in  showing  the 
material  out  of  which  the  vallum  was  constructed  and  has  boon  plotted  in 
section,  on  the  scale,  of  00  to  1.  Measuring  from  the  crest  of  the  rampart 
downwards,  the  soils,  &c.,  occurred  as  follows  : — (1)  Turf  and  turf  mould, 
15  cm.  ;  (2)  rough  pieces  of  thin-bedded  limestone  mixed  with  a  little 
mould,  l)S  cm.  ;  (3)  band  of  small  pieces  of  chert  with  a  little  mould, 
9  cm.  ;  (1)  yellowish-brown  clayey  mould,  15  cm.  ;  (5)  'old  surface  line' 
of  dark  brown  mould,  9  cm.  ;  (G)  light-yellowish  brown  sand.  The 
greatest  depth  of  the  ditch  in  this  section  was  76  cm.,  and  it  was 
filled  to  the  bottom,  below  the  turf  mould,  with  mould  mixed  with 
small  pieces  of  chert.  This  part  of  the  ditch  having  been  laid  bare,  the 
re-oxeavation  of  the  ditch  was  continued  from  ihis  point  in  the  direction 
of  the*  north-west  causeway,  the  hard  stone*  sides  of  which  were  found. 
As  stone  relics  were  more  numerous  here,  and  the  bottom  of  the  ditch 
was  far  more  irregular  than  in  Sections  1  and  tt,  surveys  were  made  in 
various  directions,  and  have  been  plotted  to  a  scale  of  (JO  to  1.  The. 
average  depth  of  the  ditch  here  was  9 1-5  cm.  from  the  surface,  and  the, 
nature  of  the.  tilling  was  the  s^ine  as  in  Section  1.  The  following  is  a  list 
of  the  finds  in  this  part,  called  ' Ditch  Extension,  Section  lv  The 
numbers  tally  with  those  on  the  plan  and  in  sections. 

5.   Small  Hint  flake,  with  fine  secondary  chipping  ;  depth  21  cm. 
8.  Stone    scraper,    with    bevelled    edge,    .*>G    mm.    in    ^  idth  ;    depth 
,'W  cm. 

10.  Outside  flake  of  flint,   with  secondary  chipping  in  two  places  ; 
depth  *2\  cm. 

1 1.  Flint,  chipped  along  the  edge  ;  depth  21  cm. 

12.  Two  pieces  of  chert,  with  secondary  chipping  (?)  ;  depth  1:>  cm. 
1.').   Flint  Hake,  with  .serraled  edjjo  ;  depth  j(»  cm. 

II.  Small  narrow  scvaper  of  flint,  \\tirked  all  round  cd"cs  •  depth 
i:Jem. 

15.  Large  flint  scraper,  of  pale  bluish-grey  colour,  with  chipped 
bevelled  semicircular  edge  and  pointed  end  ;  plano-convex  cross-section  ; 
depth  70  cm.,  near  the  bottom  of  the  ditch. 

17.  Six  flakes  of  white  flint,  mostly  of  exceptionally  large  size,  found 
together,  in  the  ditch  at  a  depth  of  82  cm.  from  the  surface,  on  a  led<*e 

1  General  Pitt-  Rivers  once  cut  four  sect  ions,  10  feob  wide,  through  the  rampart 
and  ditch  of  a  13rouzc  Age  encampment  without  finding  a  relic  worth  mentioning- 
but  ho  did  not  despair,  and  forthwith  commenced  to  dig  away  the  rampart  and 
ditch  all  round,  being  rewarded  by  finding  bronze  implements  and  much  pottery. 
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on  solid  side  of  causeway  in  the  north-east,  corner  of  the  ditch  extension, 
Section  2.  These  flakes  must  have  been  placed  on  the  ledge  and  for- 
gotten, eventually  becoming  buried  in  the  silting. 

Just  to  the  west  of  this  ledge  a  small  oval-shaped  hole  in  the  lime- 
stone floor  of  the  ditch  was  found,  filled  with  a  stiff  clayey  mould,  but 
no  relics  were  found  in  it.  Other  doubtfully  artificial  pieces  of  flint 
and  chert  were  found  in  this  excavation,  some  of  which  need  to  be 
examined  by  the  geologist  as  well  as  the  archaeologist :  they  have  boon 
preserved.  The  only  animal  remain  found  here  was  a  tooth  of  sheep  ; 
depth  at  21  cm. 

The  excavations  made  in  the  fosse  revealed  nothing  but  early 
Neolithic  chipped  stone  implements,  the  majority  of  which  were  found 
below  the  30  cm.  level  from  the  surface.  It  would  be,  however,  some- 
what rash  to  state  on  these  grounds  alone  that  the  ditch  was  undoubtedly 
of  Stone  Age  construction,  although  the  evidence  certainly  points  in  that 
direction,  for  only  a  comparatively  small  portion  of  the  whole  fosse,  at 
Arbor  Low  has  been  explored  ;  in  fact,  only  one-twelfth  part.  It  would 
be  safe  to  assign  the  construction  of  Arbor  Low  to  a  definite  age,  if, 
say,  one-fourth  part  of  the  fosse  were  re-excavated  ;  and  the  somewhat 
inconclusive  nature  of  the  evidence  at  present  seems  to  point  to  tho 
desirability  of  further  excavations  being  made  in  the  most  systematic 
and  skilled  manner  possible. 

Before  leaving  the  ditch  it  should  be  stated  thai  its  average  width  at 
the  parts  already  excavated  is  Gm'iO,  and  the  average  depth  of  re- 
excavated  ditch  beneath  surface  of  silting,  lm*98. 

The  remainder  of  the  time  and  funds  were  expended  in  trenching 
down  to  the  undisturbed  rock  in  the  centre  of  the  circle,  between  the  two 
large  stones,  Nos.  I.  and  II.,  and  further  in  an  easterly  direction.  Tho 
area  excavated,  which  covered  a  very  irregular  surface,  measured  10"l<67  by 
2m'12,  and  is  marked  on  the  contoured  plan.  To  the  west  a  stump  (No.  1 3) 
was  found  under  the  turf  standing  in  a  leaning  position  towards  the  north- 
east. At  '  19,'  the  only  fragment  of  pottery  was  found  at  a  depth  of  1 5  cm., 
just  under  the  turf  :  it  consisted  of  a  fragment  of  rim  of  Itomano- British 
pottery,  grey  on  the  outside  and  brick-red  on  the  inside.  Close  to  and 
between  Stones  I.  and  II.  (20  on  plan),  a  small  chipped  flint  implement-- 
length  33  mm.,  width  28  mm. — approaching  a  leaf -shaped  arrowhead  in 
form,  was  found  at  a  depth  of  27  cm.  :  it  has  a  In-convex  cross- section. 

The  primary  idea  in  making  this  excavation  was  to  see  whether  holes 
could  be  found  in  which  Stones  I.  and  II.  originally  stood  ;  but  no  holes 
were  found  between  these  stones  ;  in  fact,  the  undisturbed  ground  in  this 
part  was  struck  at  about  52  cm.  from  tho  surface.  To  the  east  of 
Stones  ITT.  and  IV.  there  wore  signs  on  the  surface  of  this  part  having 
been  excavated  before  (in  somewhat  recent  times).  Tho  rock  was 
reached  here  at  very  variable  depths,  and  at  the  extreme  east  an  excava- 
tion 2ra'40  deep  was  made  before  the  undisturbed  ground  was  struck. 
The  hole  was  filled  with  rich  mould  mixed  with  a  little  chert.  No  relics 
were  found,  except  a  fragment  of  human  ulna  (9  on  plan)  at  a  depth  of 
15  cm.  It  is  possible  that  a  skeleton  or  skeletons  may  have  been  removed 
from  hero,  and  that  this  ulna  was  lost  in  the  filling  in.  If  this  part  had 
been  excavated  before  there  were  no  signs  of  tho  ground  having  been 
disturbed  to  the  west  of  the  small  stone,  No.  IV.  Here,  closo  to 
Stone  III.,  a  human  skeleton  was  discovered  ;  the  middle  of  his  body  (a 
fully  adult  male)  was  situated  lm'83to  the  south-east  of  the  centre  of  the 
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circle.  It  was  discovered  on  August  16,  but  as  Mr.  Henry  Balfour  was 
expected  to  visit  the  diggings  next  morning,1  the  men  were  directed  to 
cover  it  up.  Next  morning  the  skeleton  was  uncovered  find  cleared  in 
order  that  it  might  be  photographed  in  situ.  It  was  an  extended  inter- 
ment, the  skull  being  at  a  depth  of  only  36  cm.  from  the  surface.  The 
skull,  which  was  much  crushed  and  weathered,  was  found  on  removal  to 
be  in  forty  to  fifty  pieces  ;  some  of  the  facial  portions  and  sides  had 
unfortunately  decayed,  so  t.iat  its  restoration  could  not  be  made  quite 
complete ;  the  lower  jaw  was  not  present.  Other  parts  of  the  skeleton, 
were  missing,  including  the  condyles  of  the  femora,  the  tibiae  and  fibula* , 
one  patella,  the  feet,  and  hands.  The  end  of  the  left  femur  came  close 
to  the  south-east  corner  of  Stone  No.  III.  The  skeleton,  which  was 
buried  in  pure  mould,  lay  on  the  back,  with  the  face  turned  slightly  to 
north  east,  and  was  surrounded  by  large  blocks  of  stone  built  up  on  the 
south,  west,  and  north  side&  to  within  a  few  centimetres  of  the  surface  ;  the 
ends  of  all  th«  long  bones  were  much  decayed,  the  head  was  to  the  south- 
south  east  ;  the  hearing  along  vertebral  column  was  10-ii°  IS.  ;  the  length 
from  the  top  of  skull  to  the  lower  end  of  femora  was  lm>19. 

The  approximate  length  of  the  left  femur  is  about  453  mm.,  which 
gives  a  stature  (by  lioltot's  method)  of  lm<GG.  This  is  above  the  average 
of  a  Stone  Age  man,  and  below  that  of  a  Bronze  Age  man.2  The  skull 
has  been  restored  as  far  as  possible,  and  turns  out  to  be  mesati- 
cephalic,  or  medium-headed,  with  a  cephalic  index  of  about  78'0  ; 
so  that  this  interment  appears  to  be  of  later  date  than  the  construction 
of  Arbor  Low,  but  how  much  later  it  is  difficult  to  say,  no  relics  having 
been  found  with  the,  skeleton.  Dr.  Uarsou  will  no  doubt  make  a  report 
on  the  skull  ;  and  us  the  meatus  auditorius  is  present  on  both  sides,  and 
the  ha.sion  also,  the  majority  of  the  usual  measurements  can  be  taken. 

At  77IH'SO  to  the  east  south-east  of  the  centre  of  the  monument  is 
<i  small  tumulus  which  appears  to  have  been  reduced  in  height  owing  to 
.•lurirul'mv.  As  this  may  probably  be  connected  with  Arbor  Low  it  has 
been  surveyed  to  a  scale  of  llK)  to  I,  with  contours  of  6  -cm.  vertical 
height.  A  cutting  was  commenced  on  the  north  ;  but  as  mould  was 
found  to  extend  down  to  a  depth  of  lm'G8  in  places,  and  it  promised  to 
be  rather  a  large  undertaking  when  funds  were  nearly  exhausted,  the 
work  had  to  be  relinquished,  at  any  rate  for  the  present.  One  flake  was 
found  nciar  the  surface. 

Dr.  Urushiield's  opinion,  expressed  two  years  ago,  as  regards  the 
probable,  ago  of  Arbor  Low  was  that  the  monument  belonged  to  the 
Karly  Neolithic  Age.  Judging  from  the  nature  of  the  relics  already 
discovered  and  their  positions,  there  is  some  reason  for  referring  it  to  at 
least  some  part  of  the  Neolithic  period  ;  but  the  evidence  deduced  can 
scarcely  be  regarded  as  conclusive,  and  \ve  can  hardly  consider  the 
problem  as  to  the  date  of  construction  decisively  solved  as  yet.  Neither 
has  the  original  position  of  the  central  group  of  stones  been  determined. 
One,  thing,  however,  is  certain,  that  Arbor  Low  has  been  used  as  a  place 
of  sepulture. 

1  Mr.  A.  L,  Lewis  visited  the  excavations  on  August  U.  and  Dr.  G arson  on 
August  22. 

8  The  secondary  interments,  Romano- British,  in  "Wor  Barrow  (Stone  Age), 
Handley  Down,  Dorset,  averaged  ln»-G5l  in  stature. 
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ARBOR  LOW.    [August  1901.] 

Short   Descriptions  of  Stones  as  numbered  on  the  Plan.     NOTK. — The 
length  and  breadth  of  the  Stones  can  be  ascertained  front  the  Plan. 

Stone  /.— In  centre,  nearly  flat,  broken  in  two  at  N.W.  end.  Slopes  a  little  to  W. 
At  E.  point  it  stands  1J  foot  from  turf.  It  also  stands  1 J  fool  from  turf  on  W.  side, 
but  there  is  a  trench  along  this  side  of  the  stone.  .Surface  fairly  smooth.  There  is 
a  small  flat  stone  to  E.  (not  numbered),  which  is  only  about  an  inch  above  turf. 

Stone  II. — Near  No.  I.,  nearly  flat,  but  sloping  a  little  towards  W.  to  lurf  line. 
It  is  about  10"  above  turf  on  E.  side.  The  slab  is  rather  thicker  at  the  N.  end 
than  at  S.  end. 

Stone  ///.—To  the  S.E.  of  No.  II ,  flat,  sloping  very  slightly  to  E.  Pitted  sur- 
face. The  human  skeleton  was  found  close  to  S  E.  ot  this  stone ;  in  fact,  the  left 
femur  almost  touched  the  stone 

Stone  I V — A  small  sione  to  N  E.  of  No.  III.  Slopes  rather  considerably  towards 
S. ;  only  about  2"  above  tutf  all  round. 

Stows  F".,  K/.,  and  VII. — Photographed  together  from  8.  In  a  group,  the 
nearest  stones  of  the  circle  to  the  S.  causeway.  A  considerable  depression  in  turf  to 
S.  of  No.  V.  At  tS.  end  this  stone  stands  about  2  feet  above  average  turf  level,  and 
it  slopes  gradually  to  turf  on  X.  The  under-surface  of  st  one  at  H.  has  been  much 
polished  by  the  rubbing  of  sheep,  &c.  No.  VII.  slopes  towards  NM  and  is  fractured 
in  two  places.  It  is  somewhat  thicker  at  N.  end  than  at  SM  where  it  is  about  1  foot 
from  turf.  No.  VI.  is  a  fractured  stone  about  0"  thick,  which  stands  on  end 
between  Nos.  V.  and  VII.,  leaning  slightly  to  W.1 

Stone  VIII. — Lies  in  a  slight,  depression  at  about  9"  above  level  of  turf,  in 
depression  all  round ;  slightly  higher  in  the  middle.  Pitted  and  rough,  but  'pits  ' 
are  not  very  frequent,  large  but  not  deep. 

titump  1. — Between  Stones  IX.  and  X.  Stands  about  1  fool  from  turf  level,  and 
leans  a  little  towards  centre. 

Stone  /A".— Flat,  sloping,  slightly  towards  ditch  on  S.W.  Stands  1 J  foot  from 
turf  on  S  W.t  and  1  foot  on  N.E.  Much  pitted  surface,  small,  frequent,  and  deep. 

Stone  A". — Photographed  from  S.E.  Marked  depression  in  turf  at  \V.  i-ml  of 
stone,  which  end  is  squared,  or,  rather,  of  oblong  form,  2  feet  in  thickness  This 
depression  sinks  to  about  6"  below  the  surrounding  turf  level.  Tin-  stone  slopes 
towards  the  N.E  ,  the  stone  only  showing  about  10"  above  luii  on  K.  sidr.  Tho 
upper  surface  is  fairly  flat,  and  is  characterised  by  a  broad  crack  aloiii<  middle,  and 
what  may  be  called  a  *  pot-hole '  near  N.  corner.  Turf  grows  between  stone  on 
N.W.  Much  sheep-rubbed  underneath  to  S  W. 

Stones  XI.,  AT//.,  and  XT II — {Small  stones  in  a  little  group  be*<vren  Nosn.  X. 
and  XIV.  In  a  slight  depression,  partly  in  continuation  of  deep  depression  at  the 
W.  end  of  Stone  X.  No.  XI  slopes  towards  centre,  and  lias  a  smooth  flat  surface. 
Height  1  foot  from  turf  at  S.W.,  4"  at  other  end.  No.  XII.  has  turf  growing  up  all 
round  the  sides ;  greatest  height  at  N.W.  is  only  4"  from  turf.  No.  XIII.  slopes 
towards  S.W.  and  S.E.  to  turf  ;  on  other  sides  only  4"  from  turf. 

Stone  XIV. — Lies  in  slight  depression  at  ditch- end  ;  flat  stone,  pitted  in  places 
by  weathering,  with  cracks  in  which  turf  has  grown.  Height  about  10"  from  turf 
all  round. 

Stone  XV.— Very  smooth  surface,  sloping  to  turf  on  E. ;  at  W.  end,  which  is 
square,  its  height  is  1*3  foot  from  turf. 

Stone  XVI. — Upper  side  fairly  flat ;  leans  at  about  36°  or  40°  with  general  tnrf 

level  towards  the  N.E.    In  a  well  marked  depression  all  round,  from  which  it  stands 

at  highest  part  8$  feet.    Thickness  of  stone  about  1J  foot  at  S.  and  aooul  h}  foot  at 

N.    The  only  stone  in  the  circle  that  can  be  said  to  be  standing  at  the  present  time. 

Stone  A"  VII. — Lies  in  slight  depression  ;  nearly  flat,  but  sloping  slightly  towards 

1  Mr.  Lewis,  who  measured  the  circle  in  May  1871  (see  his  plan,  &c.,  in 
Antliropologia),  says  that  Stone  VI.  was  not  then  in  its  present  position,  bill  has 
been  placed  there  since.  On  going  over  tho  ground  in  1001  to  rovise  his  plan,  he 
thought  he  saw  signs  of  a  certain  amount  of  surface  digging  during  the  previous 
thirty  years,  but  no  material  alteration  in  the  circle  generally. 
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the  W.  ditch,  where  its  height  is  only  U"  above  depression  in  turf,  rising  at  N.  to 
about  1  foot ;  very  rough  surface  and  sides,  a  little  overgrown  with  turf. 

Stump  2.— Cleaved  in  two  rd\  and  partly  overgrown  with  turf ;  about  10' 
above  surrou-  *  ing  turf.  ^m 

tftone  X  VTIf.  -Slopes  off  rather  considerably  lo  the  W.  ditcli ;  at  P:.  its  height 
is  abonf.  9"  above  turf;  at  W.  about  IT}  foot  from  lurf.  Flat  burface,  but  much 
pitted,  and  turf-covered  in  one  or  two  places. 

Htumj*  3. — Stands  at  two  highest  points  1  foot  from  turf,  with  a  depression,  4" 
from  turf,  across  middle. 

Stone  MX. — Lies  on  a  slight  mound.  Height  at  S.  0-7  foot  from  sun onnding 
turf,  rising  slightly  higher  (ridge  N.K.  and  SAY.  line),  and  then  gradually  Blowing  off 
to  turf  level  at.  N.  and  NAY. 

tftonr  A*  Y.— Slopes  all  round  to  turf  level  from  a  central  point  about  1  foot  high. 
It  does  not,  however,  slope  oil  at  W.  point. 

Stone  AAV. —  Lies  in  slight  depression,  sloping  slightly  towards  ditch.  Flat 
surface  and  somewhat  pitted  in  places.  Height  about  1  2  foot  from  turf  all  round, 
linked  alon£  N.K.  edge 

tftoar  XXII. — Flat;  slopes  rather  much  towards  the  ditch;  height  about  1-3 
foot  from  tint  all  round.  Half -oval  weathered  hole  through  side  of  stone  on  SAY. 

titone  X X ///".—  Lies  in  very  Alight  depression,  more  particularly  marked  on  the 
ditch  side.  Stone  has  very  uneven  bide  towards  W.  Uough  sin  face,  pitted  some- 
what to  S.E.,  S.,  and  S.W.,  ..nd  highcct  at  these  points.  Flat  surface  to  N.  and 
N.W.,  where  it  .stands  nearly  1  foot  from  turf.  At  other  points  it  averages  1/2  foot 
in  height. 

Stone  TAW.— Slopes  towards  N. ;  slopes  off  to  turf  level  at  N.W.  and  N.,  but 
not  at  N.K.  Depression  in  turf  at  S.  end,  extending  undergone  to  N.  half-way 
across  stone.  At  S.K.  corner  its  height  from  turf  in  depression  is  1*3  foot ;  at  SAY. 
2  feet  from  same,  giadually  sloping  along  W.  face  to  tuif  on  NAY.  Flat  surface 
with  very  small  but  numerous  'pitting*.' 

Stone  XXV. — At  S.  there  is  a  marked  depression  in  turf,  but  not  at  the  X. 
Height  of  stone  above  depression  at  S.  2^  feet.  The  stone  slopes  towards  the  N., 
where  it  reaches  the  turf  level.  Hough  surtace,  with  tracture  at  N.,  running  NAY. 
to  S.E.  Turf  rises  in  depression  under  the  stone  at  S  ,  t<»  support  it.  The  stone  is 
tilted  up  at  S.,  at  an  angle  of  about  20°  with  surrounding  turf  level.  Much  rubbed 
underneath  at  S.  by  sheep. 

Mont  XXVI. — In  slight  depression  to  N.,  m<re  marked  to  S.  Slopes  towards 
N.,  almost  to  turf  level.  At  S.  its  height,  is  about  2  feet  from  depression  in  the  turf, 
and  the  stone  iiself  is  about  1J  foot  thick  at-  this  end.  Large  4  pit tirjrs,'  but  not 
very  numerous.  Two  oval  holes,  through  stone  to  turf.  The  larger  hole  measures 
IS"  x  10"  in  the  line  of  stone,  a  little  to  N.  of  middle. 

Stump  4.-  Very  narrow  and  sharp,  about  N"  above  surrounding  turf. 

Stone  A' AT/7. —  Yery  rough,  standing  at  middle  about  1  5  foot  from  surrounding 
turf.  At  N.  there  is  an  angle  only  3"  from  turf,  from  which  angle  the  stone  rises 
abruptly  to  top. 

Stone  XX  VI  //".—Height  only  2"  above  surrounding  turf;  almost  entiicly  over- 
grown except  a  small  portion  to  N.  Flat. 

Stow  X Xf  A". — Pointed  at  both  ends.  Slopes  somewhat  considerably  towards  N. 
Smooth  Hat  surface.  A  depression  in  turf  at  N.  only,  where  it  Brands  about  1  foot 
from  turf  in  depression.  Smooth  sides  all  round.  The  thickness  of  stone  appears 
to  be  only  (>"  at  N.E.  point,  whilst  on  the  SAY.  side  its  thickness  is  "2  feet,  to  which 
it  gradually  rises  from  N.  to  N.E.  The  stone  is  thicker  at  JS.  than  at  N.NAY. 

Stones  XXX.  and  XXXI. — Slight  depression  in  turf  between  and  to  The  E.  of 
these  r.tones.  lloth  flat  and  fairly  smooth,  height  only  about  1"  or  2"  from  turf. 
No  XXX.  slopes  vciy  slightly  to  N  ;  No.  XXXT.  slopes  somewhat  considerably  to 
N.  and  K. 

Stone  XXXIT. — Of  the  nature  of  a  stump,  but  rather  larger  than  those  that  have 
been  counted  as  stumps.  Slight  depression  to  SAY.,  and  surrounded  by  a  mound  of 
turf  to  N.E.,  E.,  and  S.E.,  where  the  stone  only  rises  2"  above  turf.  On  SAY.  the 
top  of  the  stone  is  1  foot  from  turf  in  depression.  Turf  grows  in  places  on  top  of 
stone,  which  is  rather  Hat.  Hough  at  sides,  sloping  abruptly  trom  top  at  S. 
and  NAY. 

Stone  XX XIII. —Lies  in  slight    depression,  sloping  slightly  towards   ditch. 
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Fairly  flat  surface.  Height  about  1  foot  from  turf  all  round.  Point  to  N.E.,  only 
8"  above  turf  in  depression. 

Stone  XXXIV.—  Lies  in  a  marked  depression  on  inner  bank  of  ditch.  The 
depression  particularly  marked  at  N.  and  at  K.  Stone  somewhat  heart  -shaped  and 
flat  and  fairly  smooth.  About  6"  in  height  above  turf  in  depression  all  round,  witji 
turf  growing  up  sides  everywhere,  except  at  W.  and  8.W. 

Stone  XXXV.—  Flat  smooth  surface.  Slopes  slightly  towards  centre  of  circle. 
On  W.  slopes  off  to  turf.  On  K.  9"  in  height  above  turf. 

Stone  XXXVI.—  Smooth  but  uneven  surface.  Slopes  slightly  to  K.,  and  partly 
overgrown  with  turf,  especially  over  centre  and  to  S.  and  S.S.\V.  At  X.  and 
N.N.W.  it  stands  3"  above  turf/but  turf  runs  up  to  level  of  stone  on  all  other  sides. 

btone  A'-Y-VKZ/.—  Lies  in  slight  depression  all  round,  which,  however,  deepens 
considerably  to  E.  and  S.E.  Slopes  slightly  towards  ditch  and  N.,  with  fairly 
smooth  flat  surface.  At  W.  point  it  is  2  feet  above  turf  in  depression,  and  at  K. 
about  2'3  feet.  This  stone  is  cleaving  lengthwise,  or,  rather,  horizontally  into  three 
slabs.  This  is  particularly  well  seen  on  all  sides  but  the  N.  At  N.  its  height  is 
only  10"  from  turf  in  depression.  Upright  sides  all  round. 

Stone  XXXVIII.  —  Small  flat  stone,  level  with  the  turf,  which  is  growing  over 
it.  Plan  shows  only  that  part  of  stone  which  appears  at  surface.  Slopes  to  N. 
andE. 

Stone  XXXIX.  —  On  slight  elevation.  Broken  into  three  pieced,  all  of  which 
are  becoming  overgrown  with  turf.  The  N.  piece  is  nemly  level  with  turf.  The 
middle  has  somewhat  rounded  surface,  and  rises  in  middle  to  about  0"  above  tnrf. 
The  piece  to  S.  slopes  from  N.  end  to  S.,  wheie  it  reaches  the  turt  ;  the  N.  end  of 
this  piece  is  about  7"  or  S"  above  surrounding  turf. 

Stump  7.  —  Much  overgrown  with  turf.  A  piece  of  stone  only  0"  *  6"  shows  at 
present,  which  does  not  rise  above  turf  level.  Plan  shows  the  probable  outline 
when  turf  is  removed. 

Stones  XL.,  XLI^  and  XLIL  —  Together  in  a  mass  in  slight  depression  all 
round.  See  photograph.  No.  XL.  slopes  to  S.  and  S.8.W.  At  highest  point  at  N. 
it  is  1J-  foot  above  turf  in  depression.  The  S.K.  and  N.W.  points  are  about  10"  from 
turf.  At  S  and  S.S.W.  it  meets  the  turf.  No.  XLI.  slopes  from  the  S.E  ,  meeting 
the  turf  level  under  No.  XLIII.  ;  rather  rough,  uneven  surface,  standing  at  N.E. 
about  1-5  foot  from  turf  in  depression,  at  S.K.  about  1  3  foot,  and  at  S.S.W.  about 
1  foot.  No.  XLIL  overlaps  No  XLI.  to  S.E  ,  and  slightly  over  No.  XL.  to  N  K.  ;  thick- 
ness of  stone  about  1  foot  at  S.E  ;  stone  slopes  to  centre,  where,  it  is  only  •]"  from 
turf.  At  S.E.  end  the  highest  point  is  about  1.J  foot  from  turf  in  depression. 

Stone  XLIII.  —  Slopes  very  slightly  towards  centre  of  circle.  Flat  and  smooth 
surface.  Runs  to  turf  on  N.W  ,  8.E.,  S.,  and  S.\V.  ;  in  fact,  pretty  weJl  all  round.  At 
S.E.  the  stone  is  about  4"  above  turf  level. 

Stump  8.  —  Very  narrow,  just  appearing  nbove  turf. 

Sto-ne  XLIV.—  Flat,  sloping  but  slightly  towards  ditch.  Height  ^bout  7"  from 
turf  level  at  N.W.  S  S.E  corner  overgrown  with  turf,  N  E.  corner  also;  in  fact,  n 
very  little  of  the  stone  at  S.E.  shows  above  the  am  face.  Tneven,  weathered 
surface. 

Stonv  XLV.  —  Flat,  with  very  uneven  weathered  surface  and  fractured.  More 
than  half  the  stone  is  overgrown  with  turf,  fairly  regularly  distributed. 

Stone  XLVI.  —  Nearly  flat,  sloping  slightly  towards  centre  of  circle.  Fairly 
smooth  surface.  '  Shoulder  '  across  middle,  height  7"  above  turf,  rising  again  to  ('/' 
above  turf  at  S.  Turf  growing  across  depression  below  •  shoulder.'  Stone  almost 
entirely  overgrown,  dotted  on  plan,  to  S.S.W.  of  XLVI. 

Stumps  9  and  10.  —  Small  stones  (not  really  'stumps'),  just  appearing  above 
surface. 

Stumps  11  and  12.  -  Bagged  stones,  broken  olT,  just  appearing  alwve  surface. 

Stump  18.—  -This  stump,  leaning  towards  E.,  was  only  revealed  by  excavation. 

titonn  outside  S.  6ktt*6vr«y.-—  Fairly  largo,  long  and  narrow  stone,  height  at  E. 
1-3  foot  from  surface,  sloping  off  at  centre  westwards,  and  rising  again  near  W.  end 
to  about  9"  from  turf.  Stump  close  to  two  rounded  stones  a  little  above  turf 
level,  on  side  of  S.  rampait. 

Trco  8t'-nea  in  Ditch.  —  Two  stones  in  ditch  on  S.W.  One  long  and  narrow,  about 
8"  in  height  from  turf  ;  the  other,  an  uneven  boulder,  ribing  1  foot  above  surface. 

There  are  other  small  stones  here  and  there  at  Arbor  Low,  which  seem  to  be 
hardly  worth  mentioning,  although  they  might  prove  to  be  somewhat  larger  if 
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The  Stone  Implements  rxcavated  at  Arbor  Loiv,  1901. 
Jly  HKNHY  BALFOUH. 

Detailed  references  to  the  positions  in  which  the  .various  stone  imple- 
ments were  found  during  the  excavations  are  given  in  Mr.  GrayV  reports, 
and  tne,  exact  position  of  each  is  marked  upon  the  plan  prepared  from  his 
elaborate  and  very  careful  survey,  which  it  is  hoped  may  bo  published  later 
on.  The  depth  at  which  each  implement  was  found  is  also  noted  in  tho 
report. 

As  regards  the  implements  collectively  but  little  need  be  said,  as  they 
are  unfortunately  few  in  number,  and,  while  all  are  of  forms  well  known 
in  the  finds  of  the  Neolithic  period,  with  which  such  forms  are  usually 
associated,  they  are  not  of  a  suflieiently  typical  and  distinctive  kind  to 
render  it  absolutely  certain  that  they  belong  to  Neolithic  timos.  That 
they  should  be  referred  to  that  period  seems  to  me  extremely  probable, 
particularly  when  the  facts  regarding  the  nature  of  the  implements  are 
considered  in  relation  to  other  evidence,  vix.,  the  total  absence  of  any 
objects  of  bronze  amongst  the  finds,  and  the  fact  of  what  is  stated  to  have 
been  an  early  Bronze  A^»  tumulus  having  been  constructed  out  of  the 
material  which  formed  part  of  tho  original  structure  of  the  monument, 
which  must  therefore  have  antedated  the.  tumulus,  and,  presumably,  by 
a  period  long  enough  for  the  original  function  and  probable  sanctity  of 
the  circle  to  have  been  forgotten.  At  the  same  time  it  must  be  admitted, 
in  regard  to  the  stone  implements  hitherto  unearthed,  that  any  or  all  of 
them  nriylrf  have  been  made  and  used  during  the  Bronze  Age.  Simple 
Hakes,  flakes  with  secondary  chipping,  nnd  *  scrapers '  of  flint  belong 
practically  to  all  periods.  Their  manufacture  persisted  during  the  metal 
ages  so  long  as  their  efficiency  as  tools  and  the  rapidity  with  which  they 
could  bo  made  rendered  them  desirable. 

Perhaps  the  most  striking  implement  of  those  found,  and  the  one 
which  might  claim  with  most  justification  to  be  assigned  definitely  to  tho 
Neolithic  period,  is  that  numbered  20  in  Mr.  O  ray's  report,  found  near 
the  centre  of  the  circle  at  a  depth  of  *J7  cm.  This  is  a  small  blade  of  flint 
of  very  broad,  leaf-shaped  outline*,  flaked  on  both  sides  and  rather  clumsily 
shaped,  being  thicker  towards  one  edge  than  tho  other.  Tt  resembles  a 
leaf -shaped  arrow  head,  but  may  have  been  hafted  and  used  perhaps  as  a 
knife,  as  the  point  is  extremely  obtuse  and  not  very  carefully  shaped  for 
penetration. 

With  one  or  two  exceptions,  tho  remaining  implements  showing  any 
considerable  working  along  the,  edges  may  be  classed  as  varieties  of  the 
'  scraper'  or  'side-tool,'  and  in  this  category  T  should  class  that  numbered 
3  by  Mr.  (Jrav,  who  suggests  that  it  may  have  boon  a  s  ear-head.  Tt 
could  at  most  bo  regarded  only  as  a  spear-head  in  process  of  manufacture, 
rejected  before  completion.  It  is  worked  on  ono  face  only,  and,  rough 
though  it  is,  would  serve  very  well  as  a  scraping  tool  ;  the  point  at  one 
end,  if  intentional,  could  have  served  for  cutting  grooves.  Three  well- 
defined  *  scrapers'  (Nos.  7,  14,  15)  were  found  in  the  ditch  varying  from 
a  very  broad,  semicircular-edged  form  to  a  very  narrow  'duck-bill '  shape  : 
they  are  familiar  forms.  An  'outsido  flake*'  (No.  10)  shows  secondary 
chipping  along  two  edges,  and  was  probably  a  scraper  :  it  is  evidently 
but  a  fragment  of  a  fair-sized  flake,  broken,  perhaps,  in  use.  No.  5  is 
also  a  fragment  showing  some  flaking  at  the  bulb  end  of  a  small-size  flake, 
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One  broken  flake  (No.  13)  shows  a  very  delicate  serration  along  one  edge, 
forming  a  finely  toothed  saw.  The  serration  evidently  extended  along 
the  portion  of  the  flake  broken  away.  This  saw  must  have  been  intended 
for  delicate  work  only. 

In  addition  to  the  implements  already  referred  to,  there  are  several 
flint  flakes  showing  well  marked  bulbs  of  percussion,  a  few  with  secondary 
chipping  at  the  edge,  ;  also  some  which  are  doubtfully  worked  ;  and  a 
certain  number  of  flints  were  picked  up  and  kept,  which  prove  on  inspec- 
tion to  exhibit  natural  fractures  only,  and  those  T  have  rejected.  Mr.  Gray 
very  rightly  submitted  these  rather  than  run  any  risk  of  overlooking 
examples  which  might  possibly  betray  human  agency,  however  slight. 

The  finding  of  six  large  flakes  (No.  17)  together  is  interesting.  It  is 
evident  that  these  could  not  have  come  by  accident  into  the  position  in 
which  they  were  found,  and  it  is  virtually  certain  that  they  wore  placed 
by  hand  upon  the  small  ledge  in  the  side  of  the  northern  causeway.  The 
flakes  are  of  considerable  size  and  weight,  and  of  fine  quality  black  flint 
which  has  been  weathered  white  to  a  considerable  depth.  It  is  ditncult 
to  determine  the  use  for  which  they  were  intended.  They  are  irregular 
in  outline  and  surface,  though  their  edges  are  still  sharp  and  undamaged. 
It  is  possible  that  such  heavy  flakes  may  have  been  intended  to  be  used 
as  digging  tools,  for  which  purpose  they  would  be  not  badly  adapted  ; 
but  no  nsrd  examples  are  as  yet  forthcoming  from  the  site,  and  the 
suggestion  is  merely  conjectural.  They  may  have  been  purposely  covered 
over  at  the  time  for  concealment,  and  forgotten,  or  they  may  have  been 
accidentally  covered  by  loose  earth  falling  from  the  causeway  on  to  the 
ledge.  In  either  case  they  have  remained  as  originally  placed. 

It  is  greatly  to  be  hoped,  if  further  excavations  are  undertaken,  that 
the  yield  of  implements  may  be  greater,  and  that  the  examples  may 
present  more  definite  features,  so  that  the  negative  evidence  afforded  by 
the  absence  of  metal,  if  it  continues  to  hold  good,  may  be  backed  by 
positive  evidence  of  Neolithic  date  from  the  nature  of  the  implements 
discovered.  For  the  negative  evidence  to  be  completely  convincing,  move 
extensive  exploration  is  necessary,  and  the  very  suggestive  nature  of  the 
positive  results  so  far  obtained  by  Mr.  (Jray  renders  it  highly  probable 
that  further  examination  may  yield  results  of  great  importance. 

One  point  to  which  I  may  perhaps  be  allowed  to  refer  here  arises  out 
of  the  excavation  of  the  ditch  to  its  full  depth.  The  bod- rock  bottom 
presents  a  very  rough  and  uneven  surface*,  and  there  does  not  appear  to 
have  been  any  definite  attempts  to  create  a  level  surface  along  the  ditch 
bottom  by  filling  in  the  hollows  and  levelling  in  other  ways.  It  is  of 
importance  to  note  this,  as  it  precludes  the,  idea  that  the  fosse  itself  may 
have  been  used  for  processional  or  other  like  purposes.  The  steepness  of 
the  causeway  sides  forming  the  ends  of  the  fosse  also  points  towards  tho 
same  conclusion  as  regards  this  matter. 

Jteport  on  the,  Human  Skeleton  found  iu  fhe  fttotw  Circle  of  Arbor  Low 
in  1901.    Ky  J.  0.  G ARSON,  J/./>. 

The  skeleton  found  by  Mr.  Gray  near  the  centre  of  the  Stone  Circle  of 
Arbor  Low  in  August  1901  is  that  of  an  adult  male.  The  bones  are  not 
in  a  good  condition  as  regards  preservation  ;  hence  it  has  not  been  pos- 
sible to  ascertain  from  them  the  probable  stature  of  the  individual  more 
nearly  than  has  already  been  done  by  Mr.  Oray  in  his  report.  The  upper 
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part  of  the  brain-case,  or  calvaria,  and  part  of  the  face,  though  much 
broken  and  very  imperfect,  especially  the  latter,  have  been  pieced  together 
by  Mr.  Gray  in  a  most  creditable  manner,  so  that  it  is  possible  to  ascertain 
and  determine  the  most  important  points  in  the  morphology  of  the  former 
fairly  well.  The  muscular  riciges  are  well  developed,  the  glabella  and 
brow  ridges  are  well  marked  and  continuous  with  each  other,  the  most 
prominent  part  of  the  latter  being  over  the  inner  third  of  each  orbit.  The 
tubera,  of  tho  parietal  bones  tire  prominent,  the  curved  lines  on  the 
occipital  bone  and  the  surface  between  them  for  the  insertion  of  the 
muscles  of  the  head  and  neck  are  well  marked  ;  but  the  mastoid  pro- 
cesses of  the  temporal  bones  are  of  very  moderate  sixe,  or  may  even  be 
regarded  as  small.  As  viewed  from  tho  front,  the  malar  bone,  which  is  re- 
tained on  the  left  side,  shows  that  th«  axis  of  the  orbit  slants  markedly 
downwards  as  well  as  outwards  ;  the  orbital  processes  are  of  moderate  size, 
and  the  iiiterorbital  width  appears  to  have  been  of  medium  size.  As  viewed 
from  behind,  the  lateral  walls  are  seen  to  be  nearly  vertical  but  slightly 
converging,  as  they  rise  upwards,  and  finally  curve  over  to  form  the 
vault  with  a  flat  or  low  arch.  When  viewed  from  above  the  outline  of 
the  calvaria  is  unsymmetrical  in  the  occipital  and  posterior  parietal 
regions,  and  converges  slightly  from  the  tubera  of  the  parietals  towards 
the  orbital  processes  of  the  frontal  with  straight  sides.  On  viewing  the 
cranium  laterally  the  profile,  outline  of  the  mid-parietal  region  is  elevated 
and  bulged  upwards  :  this  fulness  extends  from  one  tuber  to  the  other, 
while  the  frontal  region  above  the  glabella  follows  a  graceful  curve  back- 
wards and  upwards  to  the  hregma,  and  the  occipital  region  is  slightly 
bulged  backwards  and  rounded. 

To  reduce  these*  general  characters  to  actual  figures  as  far  as  possible 
the  following  are  the  chief  dimensions  which  the  state  of  the  cranium 
permitted  mo  to  determine  : — Maximum  length,  189  mm.  ;  maximum 
breadth,  1  IcS  mm.  These  figures  give  a  cephalic  index  of  7S-2,  which 
places  it,  ;is  regards  general  form,  above  the  middle  of  the  mesaticephalic 
group  (7.")  70'9)  and  shows  that  the  individual  when  alive  had  a  head 
slightly  rounder  than  that  of  the  average  male  of  the  present  population 
of  Great  Britain,  more  bnichyeephalic  than  in  some  parts  of  the  country, 
but  more  dolichocephalic  than  in  others.  The  ophryo  occipital  length  is 
185  mm.,  the  point  of  greatest  length  on  the  occiput  being  the  same  as  for 
the  maximum  length  ;  the.  projection  of  the  gin  hello  is,  therefore,  4  mm, 
The  minimum  frontal  breadth  is  10(>  mm.,  Jind  the  maximum  frontal 
breadth  is  ll!.")  mm.  ;  the.  relative  properties  of  these  two  measurements  to 
the  maximum  breadth  (the  latter  being  taken  as  100)  is  71 '6  and  8  4 -5 
respectively.  The  biauricular  diameter  is  130  mm.,  while  the  auriculo- 
bregmatic  arc  is  'MO  mm.  The  horizontal  circumference  is  530  mm.  ;  the 
longitudinal  arc,  from  the  nasion,  over  tho  bregma,  lambda,  and  the 
occiput  to  the  opisthion,  is  .177  mm.  ;  the  base  of  the  cranium  being 
absent  it  is  impossible  to  obtain  the  length  of  the  foramen  magnum  and 
basio-nasial  length  to  complete  the  longitudinal  circumference.  Tho 
length  of  the  frontal  portion  of  this  longitudinal  arc  is  1 30  mm.,  that  of 
the  parietal  130  mm.,  and  of  the  occipital  117  mm.  ;  while  the  chords  of 
these  arcs  are  :  frontal,  113  mm.  ;  parietal,  117  mm.  ;  occipital,  97  mm. 
The  relation  which  the  arc  bears  to  the  chord  may  be  expressed  as  an 
index  to  indicate  the  curve  of  the  bone  ;  the  chord  being  taken  as  100, 
the  frontal  index  is  115-0,  the  parietal  index  11 1*1,  and  the  occipital 
index  I'JO'B.  These  indices  show  that  while  the  curvature  of  the  frontal 
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and  occipital  are  about  normal,  that  of  the  parietal  is  greater  than  usual. 
Little  can  be  said  about  the  characters  of  the  facial  portion  of  the  cranium, 
as  it  is  so  imperfect.  The  palate  is  parabolic  in  form.  The  teeth  are 
moderately  worn  down,  especially  the  molars,  and  there  is  a  slight  deposit 
of  tartar  upon  most  of  them. 

The  osteological  characters  show  that  the  individual  was  not  of  the 
type  found  in  interments  of  the  Neolithic  period,  neither  do  they  point  to 
his  being  of  the  Bronze  Age  type,  though  he  was  more  nearly  allied  to  it 
than  to  the  former.  On  the  other  hand,  there  aro  no  characters  about  the 
specimen  which  would  preclude  its  being  much  more  recent- -even  that  of 
a  person  interred  only  about  a  hundred  years  ago.  The  extended  position 
in  which  the  body  had  been  laid  decidedly  supports  the  view  of  the  inter- 
ment being  of  more  recent  date  than  the  Bronze  period,  to  which  I  con- 
sider the  weight  of  the  evidence  afforded  by  the  osteological  characters 
also  points. 

The  Committee  have  special  satisfaction  in  submitting  tho  very 
careful  and  exact  survey  of  the  circle  which  Mr.  Gray  has  prepared,  and 
the  sectional  diajjrams  of  the  excavations  made  under  his  direction.  The 
former  is  undoubtedly  the  most  complete  survey  of  the  circle  ever  made, 
and  will  constitute  a  lasting  work  of  reference  for  future  investigations  ; 
indeed,  it  has  been  prepared  with  so  much  care  that  there  will  be  no 
difficulty  in  constructing  from  it  accurate  models  of  the  eirclo  and  its 
surroundings.  The  Committee  recommend  that  the  specimens  found  bo 
eventually  placed  in  the  national  collection  in  the  British  Museum. 

Mr.  Gray  has  informed  the  Committee  that  about  two  to  three  weeks' 
further  excavations.,,  of  the  circle  on  the  Hues  hitherto  pursued  \\ill  be 
sufficient  to  complete  the  examination  of  the  ditch  and  rampart.  Tho 
excavations  made  during  the  present  year  have  been  confined  to  the  west 
side  of  the  circle  ;  the  eastern  half  of  the  ditch  and  raniparb  have  not  boon 
touched,  nor  have  any  of  the  external  approaches  which  it  is  also  desirable 
to  excavate  been  explored.  From  personal  observations  (the  circle 
having  been  visited  during  the  explorations  by  tho  Chairman,  the  Secre- 
tary, and  Mr.  Lewis)  the  Committee  can  confirm  Mr.  Gray's  statements 
to  them,  and  are  convinced  of  the  desirability  of  tho  work  being  ri'sumtd 
at  the  earliest  possible  opportunity. 

The  whole  of  the  money  granted  by  tho  Association  has  been 
expended,  and  the  amount  slightly  exceeded  in  the  work  which  has  been 
done. 

The  Committee  apply  to  be  reappointed,  and  ask  that  a  grant  of  40/. 
be  placed  at  their  disposal  to  carry  on  the  investigations  which  have 
proved  to  be  so  successful  and  hopeful  in  their  results  towards  solving  tho 
somewhat  disputed  age  of  stone  circles  as  regards  Arbor  Low. 


Explorations  in  Crete. — Report  of  ilte  Gnmuiilicoj  rvnsixiimj  of  Sir 
JOHN  EVANS,  K.O.B.,  1<\R.S.  (Chiiwmnn),  Air.  J.  li.  MYKKS 
(Secretary),  Mr.  A.  J.  EVANS,  Mr.  D.  G.  HOGARTH,  Protassor  A. 
MACALISTER,  and  Professor  W.  RIDOEWAY. 

TN  order  to  present  the  results  of  the  season  of  1901  in  their  proper 
bearings  the  Committee  introduces  its  Report  with  a  retrospect  of  British 
exploration  in 
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The  Cretan  Exploration  Fund  was  formed  in  1899  with  the  object  of 
assisting  British  explorers  and  the  British  School  at  Athens  to  investigate 
the  early  remains  of  the  island,  which  from  indications  already  apparent 
seemed  likely  to  supply  tho  solution  of  many  interesting  questions  regard- 
ing the  beginnings  of  civilisation  in  Greece.  To  the  furtherance  of  this 
work,  begun  in  the  spring  of  1900,  the  grant  of  145£.  was  made  last 
autumn  by  the  British  Association. 

Already  in  1894  Mr.  Arthur  Evans  had  secured  a  part-ownership 
(completed  last  year)  in  the-  site  of  Kephala  at  Knossos,  which  evidently 
contained  the  remains  of  a  prehistoric  building.  Excavations,  to  which 
the  fund  has  largely  contributed,  begun  by  him  in  1900  on  this  site  and 
continued  during  tho  present  year,  have  brought  to  light  an  ancient  palace 
of  vast  extent,  which  there  is  every  reason  to  identify  with  the  traditional 
House  of  Minos,  and  at  the  same  time  with  the  legendary  '  Labyrinth.' 

The  result  of  the  excavations  of  1900  was  to  unearth  a  considerable 
part  of  the  western  side  of  this  great  building,  including  two  large  courts, 
the  porticoes  and  entrance  corridors,  a  vast  system  of  magazines,  some  of 
them  replete  with  huge  store  jars,  and  a  richly  adorned  room,  where 
between  lower  benches  rose  a  curiously  carved  gypsum  throne,  on  which 
King  Minos  himself  may  have  sat  in  council.  The  second  season's  work 
has  uncovered  a  further  series  of  magazines,  the  whole  northern  end  of 
the  palace  including  a  bath-chamber  and  an  extensive  eastern  quarter. 
It  was  only  towards  the  close  of  this  year's  excavations  that  what 
appear  to  have  been  the  principal  state  rooms  first  came  into  view.  A 
triple  flight  of  stone  stairs,  one  flight  beneath  another,  here  leads  down 
from  an  upper  corridor  to  a  suite  of  hall*;,  showing  remains  of  colonnades 
and  galleries.  It  was  at  this  interesting  point  that,  owing  to  the 
advanced  season,  Mr.  Evans  was  obliged  to  bring  this  year's  excavations 
to  a  close. 

Apart  from  the  architectural  results  already  gained,  the  finds  within 
the  walls  of  the  palace  have  been  of  such  a  nature  as  to  throw  an  entirely 
new  light,  on  tho  art  and  culture  of  prehistoric  Greece.  Partly  still  cling- 
ing to  the  walls,  partly  on  the  floors  of  the  chambers,  were  found  the. 
remains  of  a  whole  series  of  fresco  paint  ings.  Among  these  the  full-length 
figure  of  the  cup-bearer  supply  the  first  real  portrayal  of  a  man  of  the 
Myctkna>an  age,  while  the  miniature  groups  representing  court  ladies  show 
a  liveliness  and  expression  far  beyond  any  work  of  the  kind  in  contem- 
porary Kgypt.  Allied  to  this  branch  of  art  are  the  painted  reliefs  in  gesso 
ditro,  showing  a  force  and  naturalism  for  which  no  parallel  can  be  found 
till  the  great  days  of  Ureek  sculpture  some  ten  centuries  later.  To  the 
remarkable  bull's  head  discovered  last  year  the  more  recent  excavations 
have-  added  parts  of  human  figures,  in  which  the  muscles  and  even  the 
veins  an*  reproduced  with  a  singular  mastery  of  execution. 

The  marble  mouth  of  a  fountain  in  the  shape  of  a  lioness's  head  and  a 
triton  shell  of  alabaster,  together  with  many  other  beautiful  stone  vessels 
and  architectural  ornaments,  also  evidence  the  high  level  already  attained 
in  the  sculptor's  art.  Among  the  minor  arts  represented  is  that  of  minia- 
ture painting  on  tho  back  of  crystal  and  intarsia  work  of  ivory,  rock- 
crystal,  enamel,  and  precious  metals,  of  which  a  splendid  example  has 
been  found  this  season  in  the  remains  of  a  royal  draught-board.  Other 
finds  illustrate  the  connections  with  ancient  Kgypt  and  tho  East.  Part  of 
a  small  diorite  statue  from  last  year's  excavations  bears  a  hieroglyphic 
inscription  fixing  its  date  about  the  beginning  of  the  second  millennium 
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B.O.,  while  a  more  recently  discovered  alabaster  lid  bears  the  cartouche  of 
the  Hyksos  King,  Khyan.  A  fine  cylinder  of  lapis  lazuli,  mounted  with 
gold  and  engraved  with  mythological  subjects,  bears  witness  to  the  early 
connections  with  Babylonia. 

But  of  all  the  discoveries  made  within  tho  palace  of  Knossos  the  most 
interesting  is  the  accumulated  evidence  hero  for  the  first  time  afforded  that 
there  existed  on  the  soil  of  prehistoric  Hellas  a  highly  developed  system 
of  writing  some  eight  centuries  earlier  than  the  first  written  Greek  monu- 
ments, and  going  back  six  or  seven  centuries,  even  before  the  first  dated 
record  of  the  Phoenician  script.  A  whole  series  of  deposits  of  clay  tablets 
has  come  to  light,  many  of  the  most  important  of  them  during  last  season's 
excavations,  engraved  with  a  linear  script,  often  accompanied  by  a  decimal 
system  of  numeration. 

That  these  documents  largely  relate  to  the  royal  stores  and  arsenals  is 
seen  by  the  pictorial  illustrations  with  which  the  inscriptions  are  often 
accompanied.  Others,  in  which  signs  representing  men  and  women  fre- 
quently recur,  probably  contain  lists  of  slaves  or  officials.  Others  again 
of  a  different  class  may,  perhaps,  ultimately  reveal  to  us  fragments  of  con- 
temporary records  or  the  actual  formulas  of  Minoan  laws. 

Besides  these  linear  tablets  there  was  discovered  a  separate  deposit  of 
clay  bars  and  labels  containing  inscriptions  of  a  more  hieroglyphic  class. 
Although  contemporary  with  the  linear  tablets,  the  script  on  these  is 
apparently  of  quite  distinct  evolution,  and  in  all  probability  in  a  different 
language.  The  characters  answer  in  fuel  to  the  sign -groups  already 
observed  in  certain  seal-stones  mostly  found  in  the  east  of  L'rete.  Tin* 
hieroglyphs  themselves  present  many  parallels  to  the  presumed  pictorial 
prototypes  of  Phoenician  letters. 

Beneath  the  palace  itself  and  the  adjoining  houses,  and  underlying 
the  whole  top  of  the  hill,  was  also  a  very  extensive  Neolithic  settlement. 
A  detailed  account  of  the  exploration  of  this  Neolithic  settlement,  the 
first  of  the  kind  uncovered  in  Greece,  will  be  communicated  by  Mr.  Evans 
to  Section  H.  The  relics  found,  such  as  tho  small  human  figures  of  clay 
and  marble,  supply  the  antecedent  stages,  hitherto  wanting,  to  the  Early 
Metal  Age  Culture  of  the  JEgean  Islands. 

In  addition  to  the  assistance  given  to  Mr.  K vans  in  his  work  at  Knossos, 
the  Cretan  Exploration  Fund  has  contributed  towards  various  works  of 
exploration  in  the  island  undertaken  under  the  auspices  of  the  British 
School  at  Athens.  In  1809  tho  late  Director  of  the,  School,  Mr.  1).  G. 
Hogarth,  excavated  a  series  of  prehistoric  houses  in  the  lower  town  of 
Knossos.  He  found  in  these  many  remarkable,  painted  vases,  showing  that 
a  highly  developed  ceramic  art  flourished  here  already  before  the  days  of 
the  civilisation  known  as  Mycenjcan.  A  large  number  of  .similar  houses 
await  exploration  ;  in  fact,  the  whole  plan  of  the  early  town  could  prob- 
ably be  recovered.  Mr.  Hogarth  further  successfully  explored  the  great 
cave  of  Zeus  on  Mount  Dicta,  discovering  remains  of  a  prehistoric  sanc- 
tuary and  large  deposits  of  votive  bronze  figures  and  other  objects,  among 
which  the  double  axe,  the  symbol  of  the  Cretan  and  Carian  /eus,  was 
specially  conspicuous. 

During  the  present  year  Mr.  R.  C.  Bosanquet,  the  new  Director  of  tho 
British  School,  has  carried  out  an  exploration  of  the  Rite  of  Praesos,  in 
the  easternmost  region  of  Crete,  in  historic  times  the  chief  civic  centre  of 
the  original  Eteocretan  element  of  the  island.  The  remains  on  the  actual 
site  of  Praesos  proved  to  belong  to  the  geometrical  and  later  periods.  A 
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remarkable  inscription  was  found,  however,  the  second  of  its  class,  written 
in  Greek  characters  of  the  fifth  century  B.C.,  hut  composed  in  the  old 
Eteocretan  language.  Two  sanctuaries  with  votive  deposits  also  came  to 
light,  and  the  remains  of  a  large  public  building  of  Hellenistic  date,  which 
may  have  been  an  '  Amlreion'  of  the  kind  in  which  the  Cretan  citizens 
mot  for  common  meals. 

Thia  soason  Mr.  Hogarth  has  also  been  enabled  by  a  grant  from  the 
fund  to  explore  an  ancient  site  at  Xakro  in  the  extreme  east  of  tho  island. 
He  has  there  uncovered  a  small  Mycena»an  town  with  well  preserved  re- 
mains of  the  lower  part  of  the  houses  and  magazines,  and  a  pit  containing 
fine  example"  of  early  pottery  But  the  most  important  discovety  was  a 
deposit  of  clay  impressions  of  Mycemraii  gems  and  signets  •  •••.*•  :=  *i;«r  1f»0 
types,  some  of  them  throwing  a  new  light  on  the  early  «  .'.'  •  r"  (".•••:••. 
Among  other  subjects  represented  was  the  Minotaur,  which  also  occurs  on 
a  seal  impression  recently  discovered  in  the  palace  at  Knossos.  Further- 
more, some  interesting  cist-graves  were  found  in  cavus  about  Xakro.  These 
yielded  incised  and  painted  pottery  of  the,  pre-Mycemvan  age,  including 
types  novel  in  Crete,  but  familiar  in  Cyprus  and  Egypt.  The  general 
result  has  important  bearing  on  the  origin  and  history  of  Mycenaean 
civilisation  in  Crete. 

Other  interesting  sites,  already  previously  secured  for  British  excava- 
tion, remain  to  be  explored.  The  Executive  Committee  of  the  Cretan 
Exploration  Fund,  however,  are  of  opinion  that,  before  devoting  any  sums 
towards  breaking  new  ground,  a  sufficient  amount  shall  be  raised  to  enable 
Mr.  Mvans  to  complete,  his  excavation  of  tlie,  palace  of  Knossos,  a  con- 
siderable part  of  the  cost  of  which  has  already  fallen  on  the  explorer's 
shoulders.  The  largo  scale  of  the?  work,  on  which  throughout  the  whole 
of  last  season  1*00  workmen  were  constantly  employed,  makes  it  necessarily 
costly,  and  in  this  case,  in  addition  to  many  other  incidental  items  of 
expenditure,  ;i  crreat  deal  has  to  be  done  towards  the  conservation,  and  in 
some  cases  even  the  roofing -in,  of  the  chambers  discovered.  Tt  is  estimated 
that  a  sum  of  between  one  and  two  thousand  pounds  will  be  necessary  for 
the  adequate  completion  of  this  important  work.  The  unique  character  of 
the  results  already  obtained  is,  however,  so  widely  recognised  that  the 
Committee  confidently  trust  that  no  financial  obstacles  will  stand  in  the 
way  of  this  consummation. 

Rc]M>rt  on  Ewamfiou*  at  Praesofi,  in  Eastern  Cnfr. 

Praesos,  the  ancient  capital  of  the  aboriginal  Eteocrctans,  lies  high 
on  tho  central  plateau  of  Eastern  Crete.  The  excavations  at  Praesos, 
conducted  in  the  spring  of  1901  by  Mr.  H.  C.  Bosanquet,  the  Director  of 
the  British  School  at.  Athens,  with  the  aid  of  Mr.  J.  H.  Marshall  and  Mr. 
K.  T).  Wells,  architect,  did  not  bear  out  the  expectation  that  the 
Eteoc»'etan  capital  would  prove  to  have  been  a  centre,  of  Mycenean  cul- 
ture. Tt  is  truo  that  the  Acropolis  yielded  a  product  of  pure  Mycenean 
art  under  singular  circumstances.  A  large  lentoid  gem,  with  a  represen- 
tation of  a  hunter  and  a  bull,  was  found  embedded  in  the  mud-mortar  of 
a  late  Greek  house  :  it  must  have  been  plastered  in  unseen  along  with 
tho  earth  from  an  adjacent  rock-cut  tomb,  which  had  evidently  been 
emptied  by  the.  Hellenistic  builders. 

But  no  other  vestige  of  Mycenean  occupation  was  found  upon  the  site 
of  the  later  city.     The  waterless  ridge,  encircled  by  deep  ravines,  offered 
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nothing  to  primitive  settlers.  The  earliest  remains  lie  a  mile  away  in  a 
lateral  valley  near  a  spring.  Here  are  several  groups  of  megalithic  walls, 
the  chief  of  which  was  shown  by  excavation  to  be  a  sub-Mycenean  home- 
stead. Its  strictly  rectangular  plan,  its  massive  thresholds,  the  spiral 
ornamentation  of  large  jars  in  its  cellars,  show  that,  whatever  fate  had 
overtaken  the  cities  on  the  coast,  a  certain  standard  of  good  workman- 
ship had  been  their  legacy  to  the  people  of  the  hills.  Nearer  the  city  two 
tombs  of  the  same  period  were  discovered  :  the  one,  a  square  chamber 
with  adromos,  yielded  parts  of  two  painted  larnakt>$,  thoroughly  Mycenean 
in  design,  a  gold  ring,  a  crystal  sphere,  parts  of  a  silver  vase,  and  a 
quantity  of  iron  swords.  The  other  was  a  well  built  bee-hive  tomb, 
differing  from  the  usual  type  in  being  entered  through  a  vestibule  :  it 
contained  an  enormous  mass  of  geometric  pottery,  an  openwork  gold  ring, 
a  bronze  fibula,  and  other  objects  in  gold,  ivory,  and  Egyptian  porcelain. 
In  the  same  neighbourhood  a  number  of  later  tombs  were  opened,  ranging 
from  the  geometric  period  to  the  fourth  century.  Among  the  numerous 
geometric  vases  there  are  several  new  types,  in  particular  a  vessel  in  the 
form  of  a  bird,  and  a  slender  jug  painted  with  delicate  white  patterns  on 
a  black  ground.  The  later  graves  yielded  jewellery  in  gold,  silver,  and 
crystal. 

Prominent  among  the  considerations  which  caused  Praesos  to  be  put 
upon  the  programme  of  the  Cretan  Fund  was  the  fact  that  an  inscription 
in  an  unknown  tongue,  presumably  the  Eteocrctan,  head  come  to  light 
there,  and  the  hope  that  others  might  be  found.  It  was  dug  up  at  the 
foot  of  the  Altar  Hill,  a  limestone  crag  precipitous  on  three  sides  which 
dominates  the  south  end  of  the  site,  and  had  probably  fallen  from  the 
level  summit,  long,  known  to  the  peasants  as  a  limiting  ^rnimtl  for 
'antikas.'  More  fortunate  than  Professor  ITalbherr,  who  made  a  small 
excavation  here  with  the  same  object  before  the  Cretan  revolution,  we, 
obtained  a  second  and  longer  inscription  of  seventeen  lines,  and  apparently 
in  the  same  non-Hellenic  language,  close  to  the  entrance  steps  of  a 
tcmenofi  on  the  hill  top.  It  must  have  been  a  frequented  plare  of  sacri- 
fice, for  the  rock  was  covered  several  feet  deep  with  a  deposit  of  ashes, 
burnt  bones,  and  votive  offerings  of  bronze  and  terra-cotta.  The  terra- 
cottas, ranging  from  the  sixth  to  the  fourth  century,  aro  important  as 
giving  a  glimpse  of  a  local  school  of  artists  working  in  clay  (for  Crete  has 
no  marble  of  her  own,  and  Praesos,  at  any  rate,  imported  none)  and 
possessed  of  an  independent  and  vigorous  style.  The  great  prize  is  the 
upper  part  of  an  archaic  statue  of  a  young  god,  half  the  size  of  life  :  the 
head  and  shoulders  are  intact;  the  remainder  has  disappeared.  An 
equally  well  preserved  head,  with  fragmentary  body,  of  a  cowhant  lion 
is  a  further  revelation  of  early  Cretan  sculpture.  The  bulky  fragments 
of  another  lion,  life-sized,  later  and  feebler  in  style,  prove  the  persistence 
of  the  local  method.  Among  the  bronzes  there  is  a  noteworthy  series  of 
votive  models  of  armour,  helmet,  cuirasses,  and  shields.  The  pottery 
shows  that  the  Altar-hill  was  frequented  from  the  eighth  century  onwards. 

By  this  time  Praesos  had  probably  become  tho  religious  and  political 
centre  of  the  district,  a  primacy  for  which  it  is  admirably  fitted  by  its 
position  at  a  meeting  place  of  valleys  midway  between  the  two  seas.  Tho 
Acropolis  was  fortified,  the  water  of  tho  distant  spring  brought  to  its 
foot  in  earthenware  pipes,  and  a  small  temple  built  on  its  summit.  The 
upper  slopes  of  the  Acropolis,  though  much  denuded,  yielded  two  archaic 
bronzes.  Trial-pits  in  the  deeper  terraces  below  revealed  only  Hellenic 
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things,  plainly  built  houses  of  limestone,  roadways  and  cisterns,  and  a 
rubbish  pit  full  of  terra-cottas.  A  building  larger  and  more  massive  than 
the  rest  was  completely  excavated  :  it  contains  eight  rooms  and  has  a 
front  seventy-tive  feet  long.  Outside  the  town  two  minor  sanctuaries 
were  investigated  :  one  adjoining  the  spring  already  mentioned  contained 
large  terra-cotta  figures  of  a  goddess  of  quite  new  type.  A  survey  of  the 
whole  site  was  made  by  Mr.  Wells,  and  a  systematic  exploration  of  the 
surrounding  country  by  Mr.  Marshall. 

Although  Praesos  was  barren  of  Mycenean  remains,  they  are  evident 
enough  at  Petras,  on  the  modern  harbour  of  Sitia,  seven  miles  to  the  north. 
I  made  some  trials  here  in  June.     Nine-tenths  of  the  site  has  been  ruth- 
lessly terraced  by  its  Moslem  owner,  and  would  not  repay  a  large  exca- 
vation.    The  remaining  tenth  is  occupied  by  cottages,  aj id  here  under  the 
roadway  it  was  possible  to  uncover  one  side  of  a  large  building  containing 
pithoi  and  kamerais  vases.     On  the  hill-top  there  remain  a  few  foun- 
dations of  a  large  mansion,  and  outside  the  walls — for  Petras  is  unique 
among   early  Cretan  sites   in   possessing  remains  of  fortifications — was 
found  a  rubbish  iieap  of  the  now  familiar  type,  yielding  whole  cups  and 
lumps  and  shreds  of  earthenware  and  steatite.     Ten  miles  east  of  Petras, 
across  the,  Itanos  peninsula,  is  another  early  site,  Palaiokastro,  which  has 
been  sadly  mauled  of  late  years  by  clandestine  excavation.     In  the  course 
of  one  of  his  exploring  journeys  Mr.  Marshall  made  a  remarkable  dis- 
covery here.     Heavy  rains  — the  same  that  Hooded  Mr.  Hogarth  out  of  his 
quarters  on  the  beach  at  Xakro — had  exposed  the  corner  of  a  very  line 
larnax.     The  native  niggers  had  not  noticed  it,  and  he  lost  no  time  in 
securing  it,  and  some  tine  vases  for  the  Camlia  museum.     One  of  its  four 
picture-panels  represents  a  double  axe  planted  upright  upon  a  column,  an 
important,  illustration  of  the  axe  and  pillar  cults  discussed  by  Mr.  Evans 
in  the,  *  Journal  of  Hellenic  Studies.' 


Tlt(>  .1  / /V /v*-r A *»w />•//•//  <>f  ('fllx. — Ht'imfi  of  UtC  GuHiwiilt'C.  cumixtiny  of 
Professor  K.  A.  SCHAFKK  (/'//<(,//•//«(//),  Professor  K.  RAY  LANKI-XFEK, 
Professor  W.  I).  IlALLinnn'oN,  Mr.  G.  (1.  HoruNE.  Professor 
J.  J.  MACKKX/IK.  and  Professor  A.  B.  MACAI.U'M  (Swrctanj). 
(Ih'tiH'it,  ni>  lit/  ///*•  Srci'L'ttiry.) 

TIIK  research  of  the  previous  year  on  the  distribution  of  phosphorus  in 
animal  and  vegetable  cells  was  continued  with  the,  view  of  making  the 
field  of  investigation  as  large  as  possible.  Tho  results  of  these  observa- 
tions cover  a  large  number  of  details,  but  these,  while  corroborating  the 
conclusions  advanced  in  the  last  report  on  the  subject,  ha\e  not  furnished 
any  additional  generalisation  which  merits  special  mention  here.  The 
paper  embodying  all  the  results  will,  it  is  hoped,  be  ready  for  publication 
in  ii  few  weeks. 

Micro-chemical  Loctrf  twit  ion  of  Osirftws. — The  work  of  the  previous 
year  on  oxidases  was  continued,  and  eflbrts  wore  made  to  localise  them 
jnicro-chomically.  After  a  considerable  amount  of  experimenting  with 
different  louco- compounds  it  was  found  that  the  reagent  mixture  recom- 
mended by  Rohm  ami  and  Spitzer  l  for  the  detection  of  oxidising  enzymes 

1  'Ueber  Oxydations-Wirkungon  ihierifchcr  liuwebc,*  Her.  <7.  </.  Ckem.  Ctor//.. 
18U5,  vol.  xxviii.  p.  C67 
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in  extracts  of  animal  tissues  was  of  considerable  service  if  Used  in  dilute 
solutions  on  the  protophytan  cell.  It  consists  of  a  mixture  of  a-naphtol, 
paraphenylendiamin,  and  soda  in  the  proportions  by  weight  of  1'J,  9, 
and  10,  and  when  freshly  made  should  have  only  a  slight  yellow-red 
tint  ',  but  on  exposure  to  the  air  for  some  hours  it  gradually  becomes  violet 
and  then  blue,  due  to  the  formation  of  imlo-phenol.  The  reactions  which 
occur  thus  and  in  the  cell  may  be  indicated  as  follows  :  — 

___  COU,NH, 

(a)  CGH1(NH4,)2  +  C10H7OH  +  0=  Nil  +H,O 

*       C10HfiOH 

-CJ^NIL,  -CJbi.NH, 

(6)   Nil  +0  =N  "  +H.,0 


When  the  reagent  is  poured  on  the  fresh  protophytan  threads  and  allowed 
to  act  on  them  for  :20-30  minutes,  or  even  for  *2-  '.\  hours,  the  fluids  in 
the  cell  space-s  (Spiroyyra,  Ortloyonitnn,  Arc.)  are  often  coloured  violet 
blue,  and  contain  small  sheaves  of  the  blue  crystals  of  indo-plienol. 
This  indicates  the  occurrence  of  oxidising  enzymes  in  the  fluids  of  the 
cell  spaces  or  cavities,  but  no  coloration  was  found  in  the  protoplasm 
itself  or  in  the  nucleus,  arid  the  chromatophor  itself  ga\e  only  a  very 
faint  reaction  in  a  few  cases,  except  in  the  immediate  neighbourhood  of 
the  pyrenoids,  when  frequently  a  deeper  reaction  was  observed.  That 
the  blue  reaction  was  not  due  to  the  diffusion  of  the,  colouring  material 
from  other  points  is  indicated  by  the  fact  that  indo-phenol,  to  which  the 
blue  colour  is  due,  is  almost  insoluble.  It  is  to  be,  noted  that  in  the 
report  of  last  year  the  conclusion  that  the  chromatophor  contains  no 
oxidising  enzymes  was  based  on  the  fact  that  that  organ  did  not  appear 
to  be  affected  when  extracts  of  the  enzymes  won?  made  by  hydraulic 
pressure  from  the  cells.  This  conclusion,  in  view  of  the  fact  given  above, 
must  now  be  considered  untenable.  The  reagent  was  also  employed  on 
the  Cyanophycea.'  to  determine  the  presence  of  oxidases  in  these  non- 
nucleated  forms,  and  it  was  found  that  one  is  present  in  the  peripheral 
coloured  zone  and  its  granules  in  these  cells,  but  the  '  central  body,' 
which  is  considered  by  some  to  be  the  homologue  of  the  nucleus  of  the 
higher  forms,  is  absolutely  unaffected,  as  are  also  its  granules,  by  the 
reagent.  The  peripheral  zone  would  appear  to  correspond  to  the  cell 
Huids  and  chromatophor  of  higher  Pi  •••••!  V.  I  i.  while  tho  'central  body/ 
so  far  as  absence  of  an  oxidaso  is  concerned,  corresponds  to  the  nucleus 
and  cell  protoplasm  of  Kpirogyra. 

The  reagent  cannot  be  used  to  detect  the  peroxidases,  so  that  the 
micro-chemical  localisation  of  these  enzymes  could  not  be  determined. 
The  difficulties  in  the  employment  of  solutions  of  guaiacum  for  this  pur- 
pose on  fresh  cells,  or  even  on  alcoholic  preparations  of  them,  weie  found 
to  be  insuperable. 

The  main  point  to  be  noted  in  all  these  observations  is  that  the  oxi- 
dases are  not  components  of  the  living  framework  of  the  cells,  but  are 
dissolved  in  the  fluids  which  bathe  that  framework  and  circulate  in  the 
cell  spaces  and  cavities.  In  consideration  of  the  relations  which  these 
fluids  bear  to  the  surrounding  media  it  would  seem  proper  to  regard  these 
oxidases,  not  as  enzymes,  but  as  oxygen-carriers,  playing  the  part  in  the 
cell  mechanism  that  haemoglobin  does  in  the  animal  body. 
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On  the  Nature  of  Iftwnonickriii. — Dr.  E.  N.  Coutts,  under .  Professor 
Mackenzie's  direction,  investigated  the  composition  of  hffimosiderin  from 
a  micro-chemical  point  of  view  and  ascertained  a  number  of  interesting 
facts.  He  found  that  h&mosiderin  of  liver  cells  is  different  from  that  of 
the  alveolar  evils  of  indurated  lung  in  regard  to  the  way  in  which  the  iron 
is  hold,  as  well  as  in  the  chemical  reactions  of  the  basic  material  of  the 
grannies,  themselves.  The  iron  of  the  hepatic  hsemosideriri  is  in  an 
inorgjinir  form  easily  extractable  with  very  dilute  acids,  and  to  a  certain 
extent  also  by  prolonged  action  of  distilled  water.  The  iron  in  hepatic 
luinnosiderin  is  also  readily  demonstrated  by  acid  fe.rro-cyanide  solutions, 
or  by  ammonium  sulphide  almost  immediately  after  their  application, 
this  indicating  that  the  iron  is  not  firmly  bound  in  the  substarce,  of  the 
granules.  That  it  is  inorganic  is  shown  also  by  its  reactions  with  pure 
dilute  lui'inatoxylin  solutions.  In  the  pulmonary  ha'inosiderm  granules 
the  iron  seems  to  be  combined  differently,  yet  in  an  inorganic  form,  prob- 
ably with  a  protcid  body,  for  on  digestion  with  artificial  gastric  juice  the 
granules  diminish  in  size  and  lose  their  iron.  In  both  pulmonary  and 
hepatic  Iwniosidcriu  granules  the.  iron  may  be  extracted,  with  the  result 
that  the  colour,  shape,  and  size  of  the  granules  may  be  unchanged,  but  the 
residual  matrix  in  pulmonary  lueiiiosiderin  is  much  more  readily  affected 
by  stronger  acids  than  is  the  case  with  hepatic  hivmosiderin.  The  residue 
in  neither  seems  to  show  any  chemical  affinities  with  hoMiiatoidin  (biliru- 
bin)  or  with  luenmtoporphyrm. 

The  conclusion  from  these  observations  is  that  luvrnosiderin  is  uot  a 
chemical  compound,  th.it  it  is  not  uniform  in  composition,  and  that  it  is 
for  the  most  part  a  mixture  of  an  inorganic  iron  compound  with  a  brown- 
yellow  iron- free  substance. 

The  Committee  ask  to  be  reappointed. 


The  Clifni!xli'tj   "f  IfaiH'  Ma  mm*.--  Interim    /iV/w/  of  fJtr   Cunuii 
roiixixfnti/  nf  Professor  K.  A.  SniAl'KR  ((?li(tit'in(tn).  Dr.  11.  IfU 
(>Yr/Wan/),  Dr.  LKONAHD  HILL,  an<1  Professor  F.  GOTCII. 


Tin:  work  of  the  Committee)  has  been  considerably  retarded  by  the  difli- 
culty  of  obtaining  a  sufficiency  of  material  for  examination  and  analysis. 
A  eertain  amount  of  progress  has,  however,  been  made  in  the  estimation 
of  the  nucleins  and  nuelein  bases  in  red  marrow,  and  the  investigation  of 
the  protcids  has  been  begun.  So  far  (1)  a  histon  and  (*J)  a  nucleo  •  protcid 
have  been  isolated,  and  the  further  investigation  of  these  bodies  is  now 
being  proceeded  with.  Hereafter  it  is  hoped  that  the  estimation  of  tho 
iron  compounds  in  marrow  will  be  undertaken. 


The   Mui'itholotjti,    ArWof///,    and    Tit.ronowif    of    Hie 

Ifpjtort  of  iho  Committee,  coiiMnhmj  of  Professor  ^MARSHALL 
WARD  (CYwtnmw),  Professor  «!.  B.  FARMER  (Secretary),  and 
Professor  F.  0.  BOWER. 

TFIK  Committee  report  that  the  grant  of  20/.  made  at  the  Bradford 
meeting  of  the  British  Association  has  been  expended  by  Mr.  J.  C.  Willis 
in  the  prosecution  of  the  research  above  named. 
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Several  districts  of  the  Indian  Peninsula  liave  been  travelled  over", 
and  Mr.  Willis'  investigations  have  thrown  much  light  on  the  habits, 
development,  and  affinities  of  the  plants  composing  the  Order. 

The  first  instalment  of  his  memoir,  dealing  especially  with  the  classi- 
fication of  the  Indian  forms,  is  nearly  ready,  and  will  shortly  be  followed 
by  a  second  paper  on  the  morphology  and  natural  history  of  the  species. 

As  the  object  of  the  grant  has  now  been  fulfilled,  the  Committee  do 
not  ask  for  reappointment. 


Fertilisation  in  the  Pliwoplujcew. — Kepott  of  the  fJommitlcf:,  consist iny 
of  Professor  J.  13.  FARMER  (Gltainmni),  Professor  11.  W.  PHILLIPS 
(Xwi'/in-//),  Professor  F.  0.  BowKit,  *uul  Professor  HAIIVEY 
GIBSON. 

THE  Committee  report  that  the  giant  of  1  f>7.  made  at  the  P>radford  meeting 
has  been  expended  by  Mr.  J.  LI.  Williams  in  connection  with  the  above 
research. 

Mr.  Williams'  results  are  now  practically  complete,  and  will  shortly 
be  embodied  in,  the  form  of  a  memoir. 


'fhe  I/ijlue-tice  of  ike  Uitlrcrsitiva  on  tfrhool  E 
fiij  tht  lit.  Rev.  JOHN  PEKCIVAL,  D.I).,  Lui-tl  IH#hnp  of  Ih-refanl. 

THE  subject  before  us  this  morning,  as  1  am  given  to  understand,  is  not 
the  general  influence  of  universities  on  national  life  and  character,  fi 
subject  of  the  highest  interest  and  importance,  and  nowhere  better  illus- 
trated than  in  Scotland,—  but  simply  the  consideration  of  home  practical 
questions  suggested  by  the  relationship  in  which  our  ancient  English 
universities  stand  to  the  education  given  in  our  secondary  schools. 

And,  although  we  are  met  on  Scottish  soil,  and  may  very  well  hope  to 
obtain  some  help  and  guidance  from  Scottish  example,  as  I  have  no 
direct  personal  experience  of  the  Scotch  University  system,  though  I 
possess  a  highly  prized  degree  conferred  by  your  most  ancient  university, 
I  must  be  content  to  base  my  observations  and  suggestions  exclusively  ou 
my  English  experience. 

I  even  leave  out  of  my  purview  the  newer  English  foundations,  such 
as  the  University  of  London,  the  Victoria  University,  the  various 
university  colleges  of  our  great  provincial  cities,  and  that  latest  birth  of 
time,  the  University  of  Birmingham. 

It  is  from  no  lack  of  appreciation  that  I  do  this,  but  partly  because, 
as  yet,  these  modern  institutions  do  not  exercise,  the  same  influence  as 
the  older  universities  on  our  general  system  of  secondary  education,  and 
partly  because,  having  so  lately  grown  up  under  the  pressure  of  actual 
local  or  national  needs,  they  are  not  open  to  the  same  criticisms. 

Our  great  English  universities  have  till  quite  recently,  as  regards  their 
direct  action  and  influence,  been  to  a  large  extent,  we  might  almost  say  in 
the  main,  the  universities  of  the  privileged  and  the  professional  classes. 
Within  any  own  memory  they  were  indeed  virtually  monopolised  by  those 
members* of  the  Established  Church  who  belonged  to  these  classes  or  wero 
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seeking  to  enter  them.  To  the  mass  of  the  people  they  were  something 
vague  and  far  off. 

Sixty  years  ago  a  distinguished  (*erman,  in  his  description  of  them, 
said  that  their  aim  was  to  produce  gentlemen,  especially  Tory  gentlemen  ; 
and  J  am  not  sure  that  any  of  us  could  prove  him  to  have  been  altogether 
mistaken. 

But  for  half  a  century  the  process  of  nationalisation  has  been  going 
steadily  if  not  rapidly  forward.  It  has  been  and  is  the  earnest  desire  of 
the  men  who  inspire  and  direct  our  university  life  to  make  them  national 
institutions  in  the  best  and  truest  and  broadest  sense,  of  the  term  ;  and 
they  are,  I  feel  sure,  ready  to  give  sympathetic,  and  favourable  considera- 
tion to  any  criticism  or  suggestion  which  is  likely  to  help  to  arards  this 
end. 

Thus  I  venture  to  think  they  will  welcome  the  discussion  by  so  weighty 
a  body  as  tho  British  Association  of  these  very  practical  questions  : — 
How  do  our  ancient  universities  act  with  special  or  directing  or  deter- 
mining influence  on  English  school  education  ?  And  in  connection  with 
this  influence  are  there,  any  reforms  which  would  be  clearly  beneficial  / 

The  answer  to  such  inquiries  has  to  be  mainly  sought  through  obser- 
vation of  the  examinations  they  conduct  or  require,  the  u**e  they  make 
of  their  endowments,  and  the,  type  of  teachers  they  train  and  send  forth. 

Through  its  examinations  the  university  largely  determines  the 
cuu'iculum  or  relative  amount  of  attention  bestowed  on  different  subjects 
of  study  in  the  schools  thatprepnre  for  it. 

Through  its  endowments  and  prizes  it  fixes  the  bent-  of  study  to  be 
pursued  by  the  most  promising  and  ambitious  students  ;  and  finally,  by 
tho  stamp  it  puts  on  the  teachers  sent  out,  their  attainments,  their 
tastes,  their  aims,  opinions,  and  ideals,  it  >ets  the  tone  and  tendency  of 
both  life  and  work  in  the.  wide  field  of  school  education. 

J.  As  regards  examinations  we  have  to  look  chiefly  at— • 

( 1 )   Examination  of  schools  or  of  boys  and  girls  still  at  school. 
('2)  Entrance  examinations  to  colleges  or  to  the  university. 
(3)  Examination  of  students  during  the  university  course. 

l>y  their  school  examinations,  such  as  the  local  examinations,  the 
examinations  of  the  Oxford  and  Cambridge  Joint  Board,  and  examinations 
for  commercial  and  other  certificates,  experience,  shows  that  the  univer- 
sities ba\e  done  a  \ery  good  and  useful  work,  and  they  have  done  it  in  a 
liberal  and  progressive  spirit. 

The  committees  charged  with  this  work  have  been  allowed  a  tolerably 
free  band  ;  they  have  sought  tho  best  practical  advice,  and  they  have 
aimed  at  consulting  the  needs  of  dillerent  types  of  school,  whilst  careful 
to  maintain  a  reasonable  standard  of  proficiency  as  a  qualification  for 
their  \arious  certificates. 

If  there  are,  defects  in  any  of  these  exnminalions  the  authorities  of 
schools  and  public  opinion  are  to  a  great  exlenl  responsible  for  thrir 
continuance. 

l>ut  when  wo  turn  from  these  outbide  examinations  to  the  conditions 
of  entrance,  to  the  university  itself  it  must  be  admitted  that  we  meet  with 
Koine  survivals  that,  seem  altogether  out  of  date,  and  some  obvious  defi- 
ciencies that  call  for  attention  and  reform. 

Taking  the  case  of  Oxford,  with  which  I  am  more  familiar,  it  is  to  be 
noted  that  the  examination  known  as  Responsions  or  its  equivalent  is 
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practically  the  wicket  gate  through  which  every  sbudent  must  enter  the 
University.  The  various  colleges  are  free  to  admit  students  on  their  own 
terms  with  or  without  examination,  but  as  a  matter  of  practice  it  is 
usual  for  a  college  to  require  the  passing  of  llesponsions  either  before 
commencement  of  residence  or  in  the  course  of  the  first  term,  so  that  for 
actual  influence  on  the  ordinary  curriculum  of  secondary  schools  we  may 
disregard  all  qualifying  entrance  examinations  except  this  one. 

What,  then,  does  the  University  in  this  examination  require  of  a  boy 
fresh  from  school  ? 

Turning  to  the  examination  statutes  we  find  that  every  candidate 
desiring  to  pass  Responsions  or  its  equivalent  examination  has  to  reach 
the  requisite  standard  of  attainment  in  the  following  stated  subjects,  and 
in  these  only  : — Latin,  Greek,  Elementary  Mathematics. 

80  much  for  the  subjects  required.  But  a  glance  at  the  papers  set  will 
show  that  as  regards  the  literary  portion  of  the  examination  the  study 
encouraged  is  almost  exclusively  grammatical  and  of  a  very  rudimentary 

tvPe- 

The  writing  of  elementary  Latin  prose,  the  translation  of  passages 

from  one  or  two  prepared  books  in  each  language*,  and  the  answering  of 
questions  on  elementary  grammar  form  the  staple  of  the  examination. 

No  knowledge  is  required  of  the  art,  or  literature,  or  history,  or  general 
life  of  Athens  or  Rome,  and  little  or  no  inquiry  seems  to  be  made  oven 
as  to  the  authors  or  contents  of  the  books  specially  prepared. 

The  mathematical  part  of  the  examination  is  also  open  to  criticism, 
though  perhaps  in  a  less  degree. 

But  the  really-surprising  thing  is  that  natural  science  still  meets  with 
no  recognition,  modern  languages  are  ignored,  and  no  questions  are 
asked  even  as  to  the  candidate's  knowledge  or  ignorance  of  our  own 
language  and  literature.  Here,  then,  it  must  be  admitted,  is  some  room 
for  expansion.  We  are  even  tempted  to  pause  and  inquire  whether  we 
have  not  stepped  back  into  some  earlier  century  ;  and  I  venture  to  think 
that  it  would  be  difficult  to  point  to  any  single  educational  reform  which 
is  more  urgently  needed  or  would  be.  likely  to  produce  a  more  wholesome 
effect  on  the  teaching  in  our  secondary  schools  than  a  reform  of  this 
examination. 

In  the  first  place  if  it  were  made  permissible  to  offer  certain  equivalents 
in  place  of  Greek,  this  single  modification  would  bring  out'  universities 
into  touch  with  that  large  and  increasing  group  of  modern  schools  or 
modern  departments  in  schools  which  are  now  suffering  from  lack  of  this 
connection. 

The  existing  requirement  of  Greek  from  every  candidate,  together  with 
the  accompanying  exclusion  of  modern  languages  and  natural  science  from 
this  examination,  practically  dissociates  thiw  whole  class  of  modern  schools 
or  departments  in  schools  from  direct  university  influence,  and  the  effect 
is  found  to  be  specially  unfortunate,  in  the.  modern  departments  of  the 
larger  secondary  schools. 

Whatever  may  be  a  boy's  ultimate  aim  or  profession  or  business  in  life, 
if  his  intention  is  to  pass  through  the  university  these  conditions  amount 
to  a  warning  that  he  had  better  avoid  a  modern  school  or  modern  depart- 
ment. 

Consequently  such  schools  or  departments  are  very  liable  to  berome 
the  refuge  of  the  dull  or  the  idle  or  thos^  who  are  preparing  for  nothing 
in  particular,  so  that  standards  of  effort  and  attainment  are  inevitably 
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lowered.  In  drawing  attention  to  the  consequences  of  these  antiquated 
university  arrang'-nii'iiU  I  desire  to  say  that  I  am  not  raising  theoretical 
or  hypothetical  objections  to  them,  but  simply  speaking  of  what  I  have 
seen  and  known  in  one  school  and  another  ;  indeed,  I  would  claim  that 
throughout  this  paper  I  have  been  careful  to  bear  in  mind  the  old 
Newtonian  example  which  is,  T  imagine,  sometimes  disregarded  even  at 
the  British  Association,  '  Hypotheses  noil  iingo.' 

Thus,  as  the  result  of  my  personal  experience,  the  first  reform  I 
would  advocate  is  that  Responsions  without  Greek  should  be  made  an 
avenue  to  a  university  degree  for  all  candidates  who  can  reach  a  good 
standard  of  attainment  in  certain  equivalent  subjects  of  study. 

So  much  for  our  first  change  in  the  direction  of  liberty  of  choice. 

We  may  now  go  on  to  consider  whether  or  how  far  any  other  changes 
would  effect  some  improvement  in  the  kind  and  quality  of  ordinary  school 
education. 

Ho  far  as  the  school  curriculum  is  influenced  by  this  examination,  with 
its  rigid  exclusion  of  everything  but  elementary  mathematics  and  the 
grammatical  study  of  two  dead  languages,  it  must  be  obvious  that  it  would 
bo  improved  by  an  infusion  of  subjects  and  methods,  the  greatest  of  all 
needs  in  our  English  education  being  scientific  methods,  that  would  help 
to  develop  such  qualities  as  observation,  taste,  thought,  and  interest  in 
the  world  around  us. 

With  this  view  T  venture  to  put  the  question  whether  the  following 
scheme  of  requirements  on  entering  Oxford  or  Cambridge  would  not 
constitute  a  reasonable  substitute  for  the  present  Respon.sions  or 
Little  Go  :-— 

I .  Latin. — The  examination  to  include  the  translation  into  English  of 
easy  unprepared  passages,  and  also  some  questions  on  a  selected  period 
of  Roman  history  and  literature. 

•2.  Elementary  mathematics.  —More  attention  to  be  given  to  scientific 
arithmetic  and  to  easy  original  work  in  geometry. 

,'5.  The  elements  of  natural  science  and  scientific  method. 

4.  An  elementary  knowledge  of  either  French  or  German  or  Italian, 

•r>.   English.  -The  examination  to  include  — 

v^)  English  composition. 

(ft)  (Questions  on  some  period  of  English  history  and  literature. 

0.  Greek. — The  examination  to  include  translation  into  English  of 
easy  unprepared  passages  and  also  some  questions  on  a  selected  period  of 
Greek  history  and  literature  ;  or 

fat.  French,  or  German,  or  some  branch  of  natural  science.—  The 
standard  required  to  be  such  as  to  show  that  the  candidate  is  fitted  to 
enter  on  an  Honour  CVmrso  of  university  study. 

It  would  be  reasonable  that  any  student  who  had  passed  in  three  of 
tho  six  subjects  here  required  should  bo  allowed  to  commence  his  residence 
in  the  university  on  condition  that  he  pass  in  the  remaining  three  before 
admission  to  any  other  examination  in  the  university  course.  As  univer- 
sity study  tends  to  become  mow  specialised  it  is  all  the  more  necessary 
thus  to  secure  at  the  outset  a  good  preliminary  liberal  training. 

Such  a  scheme  as  is  here  indicated  would  do  this,  and  it  would  exer- 
cise a  most  wholesome  influence  on  school  education  generally.  On  tho 
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one  hand  it  would  compel  all  schools  preparing  students  for  the  univer- 
sities to  give  a  fair  share  of  attention  to  modern  and  scientific  studies, 
and  more  attention  than  is  generally  given  to  our  own  language  and 
literature ;  whilst  it  would  at  the  same  time  interpose  a  check  on  the 
mischievous  tendency  to  premature  specialisation  of  study  whilst  a  boy  is 
still  at  school. 

To  these  suggestions  I  have  to  add  one  more. 

This  examination,  like  some  others  at  the  university,  is  a  purely 
'  pass '  examination,  in  which  no  opportunity  is  offered  to  the  candidate 
of  winning  any  honours,  and  no  mark  of  distinction  can  be  gained  by 
work  of  unusual  merit. 

In  my  judgment  the  continuance  of  any  such  pass  education  is 
educationally  a  grave  mistake,  and  I  desire  to  see  it  made  a  rule  that 
the  university  will  give  marks  of  distinction  for  work  of  superior  merit 
in  every  examination  which  it  conducts. 

The  reasons  in  favour  of  such  a  change  are  sufficiently  obvious,  the 
surprising  thing  being  that  the  pass  examination,  with  its  corresponding 
type  of  university  student  known  as  the  s  passman,1  should  have  been  left 
to  survive  into  the  twentieth  century. 

A  standard  which  every  student  is  required  to  roach  as  a  preliminary 
to  further  instruction  or  as  the  qualification  for  a  degree  which  is  under- 
stood to  be  within  reach  of  any  person  of  ordinary  intelligence,  is,  of 
necessity,  a  comparatively  low  standard. 

It  represents  the  minimum  of  attainment  qualifying  for  a  certificate,  or 
diploma,  or  degree.  Not  to  win  it  is  to  be  a  failure. 

The  natural  result  is  that  a  large  proportion  of  the  students  who  offer 
themselves  for  examination,  and  are,  in  fact,  capable  of  reaching  a  con- 
siderably high  level  of  attainment,  are  content  to  aim  at  a  minimum 
instead  of  a  maximum  standard.  This  in  many  cases  means  the  loss  of 
intellectual  interest  at  the  very  time  wh^n  it  ought  to  be  cherished  and 
stimulated,  a  loss  which  degenerates  in  not  a  few  instances  into  down- 
right idleness  and  waste. 

The  pity  of  it  is  that  many  of  those  to  whom  the  preparation  for  a 
pass  examination,  in  which  failure  is  discreditable  and  success  no  honour, 
is  irksome  drudgery  would  become  keenly  interested  in  the  very  study 
Mhich  is  now  a  weariness  if  their  ambition  were  roused  by  the  hope  of 
some  distinction  to  be  won  in  connection  with  it. 

So,  then,  I  plead  for  such  changes  as  1  lia\e  here  suggested  in  the 
belief  that  the  effect  would  be  to  send  a  fresh  stream  of  intellectual 
activity  through  many  of  our  .schools,  to  give  a  fair  field  to  modern  and 
scientific  studies,  and  to  draw  out  the  undeveloped  capacities,  the  dormant 
faculties  and  gifts  of  many  of  our  boys  and  young  men,  whilst  doing  no 
harm  to  the  traditional  classical  culture  of  either  hchool  or  university. 

It  may  possibly  be  alleged  in  some  quarters  that  my  proposed  require- 
ments would  lay  too  heavy  a  burden  on  many  candidates  for  admission. 

The  argument  will  no  doubt  be  used  that  by  requiring  an  acquaintance 
with  so  many  subjects  we  should  overweight  the  learner  or  reduce  tho 
knowledge  of  each  subject  to  a  superficial  smattering.  It  is  better,  wo 
shall  be  told,  to  concentrate  and  make  the  standard  to  be  readied  in  any 
•subject  studied  a  fairly  high  one,  and  thus  give  some  real  mental 
discipline.  To  this  familiar  line  of  argument  a  sufficient  answer  is  not 
far  to  seek.  In  the  first  place  the  candidates,  as  a  rule,  are  at  least 
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eighteen  years  of  age,  so  that  they  have  had  a  considerable  period  for 
preparation  ;  and  it  is  open  to  question  whether  the  present  standard  of 
knowledge  attained  is  in  all  cases  a  very  high  one,  or  one  that  guarantees 
any  great  amount  of  valuable  intellectual  training.  Even  within  the 
narrow  iield  of  the  present  examination  a  large  proportion  of  the 
candidates  would,  T  fear,  be  sorely  puzzled  by  very  simple  riders  on  the 
first  Book  of  Euclid,  or  by  any  straightforward  piece  of  narrative  in 
Thucydidcs,  or  Herodotus,  or  Livy,  or  Tacitus,  which  they  had  not  seen 
before,  to  say  nothing  of  Horace  or  Virgil,  Sophocles,  Homer,  or  Plato. 

The  fact  is  that  no  experienced  person  looks  upon  these  university 
requirements  as  in  any  sense  representing  what  candidates  of  eighteen 
years  of  age  about  to  enter  on  a  university  course  ought  to  have  studied. 
Neither  does  any  experienced  school  teacher  doubt  the  capacity  of  the 
ordinary  boy  or  girl,  if  properly  trained  in  habits  of  industry  ami  atten- 
tion, to  sufficiently  master  my  schedule,  of  subjects.  To  trie  plea  that,  the 
present  limited  range  of  subjects  being  so  indifferently  mastered,  it 
would  be  folly  to  widen  the  range,  the,  re;il  answer  is  that  the  English 
schoolboy  is,  as  a  rule,  a  very  practical  person.  He  has  no  great 
enthusiasm  about  learning  for  learning's  sake.  ;  he  has  come  somehow  to 
understand  that  a  certain  minimum  will  serve,  his  purpose  when  he 
presents  himself  at  a  college  in  Oxford,  and  so  his  mind  is  quiescent  in 
front  of  his  Xenophon,  or  Kuripides,  or  Virgil,  or  Kuclid,  or  it  is  occupied 
with  other  things. 

He.  is  commonly  described  as  an  idle  boy,  but  this,  I  venture  to  think, 
is  a  misnomer. 

(live  him  a  practical  moti\e  for  learning,  extern!  the  range  of  his 
practical  interest  in  subjects  to  be  studied,  stir  his  practical  instincts, 
rouse  his  personal  ambition  by  making  it  clear  to  him  that  he  may  win 
some  distinction  in  such  and  such  subjects  for  which  he  has  shown  some 
aptitude  or  ability,  and  lie  sets  his  mind  to  work  and  learns  what  is 
required  of  him  with  an  amount  of  success  which  is  not  seldom  a  surprise 
both  to  himself  and  to  his  teacher.  So  experience  shows  us  to  what  an 
extent  our  antiquated  educational  arrangements  leave  capacity  un- 
developed and  let  young  lives  run  to  waste. 

My  concluding  observation  on  this  subject  of  examinations  is  that  T 
should  prefer  to  see  the  examination  of  secondary  schools  retained,  as  far 
as  possible,  within  the  circle  of  university  influence. 

Even  in  the  presence  of  the  right  honourable1  gentleman  who  presides 
over  us  this  morning  I  must  pluck  up  courage  to  say  that  1  should  regret 
to  see  it  established  exclusively  at  Whitehall.  My  hope  is  that  whatever 
reforms  are  instituted  tin1  headquarters  of  this  work  limy  somehow  bo 
maintained  in  connection  with  our  universities,  so  as  to  secure  that  the 
men  who  examine  may  be  familiar  with  the  current  work  of  both  school 
and  university,  and,  as  a  rule,  men  who  either  sirs*,  or  have  been  them- 
selves engaged  as  teachers. 

II.  1  now  turn  to  the  influence  exercised  through  university  or  college 
endowments.  This  part  of  the  subject  is  of  such  importance  that  it 
might  ,nliiLiit:ii!i  mi-U  be  considered  by  a  fresh  university  commission  at 
no  very  distant  date,  experience  having  shown  that  the  reforms  of  previous 
commissions  stand  in  need  of  some  further  revision. 

The  system  of  election  by  merit  or  unrestricted  open  competition, 
ridding  us,  as  it  has  so  largely  done,  of  a  system  of  patronage  and  privi- 
lege and  arbitrary  preferences  has  brought  great  benefits  to  English  life  ; 
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but  in  regard  to  educational  endowments,  both  at  school  and  university, 
it  is  now  seen  to  have  been  made  in  some  respects  too  universal  arid 
absolute. 

One  result  of  our  present  system  is  that  prizes  go  too  exclusively  to 
the  well-to-do. 

A  considerable  proportion  of  the  endowments  both  at  school  and 
college,  given  as  scholarships  or  exhibitions,  is  enjoyed  by  those  who  do 
not  need  such  pecuniary  assistance.  There  is  consequently  a  certain 
amount  of  waste  which  might  be  avoided. 

But  a  much  stronger  objection  to  this  unrestricted  competition  is  that 
the  endowments  in  many  cases  thus  become  the  rewards,  not  of  the  most 
promising  ability,  but  of  the  most  elaborate  and  expensive  preparation  : 
'  To  him  that  hath  shall  be  given.' 

These  considerations  suggest  that,  whilst  the  principle  of  opon  election 
by  merit  should  be  scrupulously  maintained,  the  value  of  open  scholar- 
ships and  exhibitions,  both  at  school  and  university,  should  be  consider- 
ably reduced,  and  the  amount  thus  saved  should  form  a  supplementary 
exhibition  fund  out  of  which  the  authorities  might  increase  the  emolu- 
ments of  every  meritorious  scholar  so  elected  who  applied  and  gave,  proof 
that  his  pecuniary  circumstances  were  such  as  to  call  for  this  addition. 
They  suggest,  further,  that  there  should  be  sonic  modified  return  to  the 
allocation  of  endowments  to  districts  (the  poorer  country  districts,  which 
are  sometimes  the  birth-places  of  boys  and  girls  of  talent,  having  specially 
suffered  by  the  reforms  of  the  last  half-century),  care  being  taken  so  to 
arrange  the  allocation  as  to  encourage  and  cultivate  ability  and  to  give 
that  further  and  general  intellectual  stimulus  which  is  given  by  arousing 
local  interest  and  enlisting  in  the  cause  of  educational  development  the 
spirit  of  local  patriotism,  thus  stirring  a  good  deal  of  intellectual  ambition 
which  now  lies  dormant. 

The  ancient  country  grammar  schools,  owing  to  their  connection  with 
some  college  at  Oxford  or  Cambridge,  undoubtedly  exercised  in  their  day 
a  stimulative  intellectual  influence  which  has  been  to  some  extent  lost  in 
some  rural  districts  of  late  years. 

Looking,  then,  to  the  needs  of  our  rural  districts  1  venture  to  put  it 
forward  as  a  suggestion  which  deserves  favourable  consideration  that  not 
less  than  5  per  cent,  of  the  funds  now  awarded  at  Oxford  and  Cambridge 
in  scholarships  and  exhibitions  might  be  formed  into  a  *  county  scholar- 
ship fund,'  and  offered  in  due  proportions  to  the  various  countless  on 
condition,  in  every  case,  that  the  county  educational  authorities  provide 
an  equivalent  sum  for  the  same  purpose. 

These  scholarships  to  be  confined,  in  the  first  instance,  to  candidates 
born  and  educated  in  the  county,  and  to  be  tenable  in  any  college  of 
either  university. 

Now  that  the  Honour  Schools  of  the  university  are  thrown  open  to 
women,  a  fair  proportion  of  these  scholarships  should  be  made  available 
for  girls. 

I  commend  this  suggestion  to  the  universities  as  a  reasonable  and 
prudent  mode  of  casting  their  bread  upon  the  waters.  The  result  could 
hardly  fail  to  be  a  wide  extension  of  their  influence,  tending  to  make 
them  more  truly  national,  whilst  it  would  give  a  considerable  stimulus  to 
intellectual  interest,  culture,  and  progress  in  every  district  thus  aided. 

My  other  criticism  on  the  present  use  of  endowments  has  reference  to 
the  premature  specialisation  encouraged  and  fostered  by  the  offering  of 
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scholarships  for  special  subjects.  The  scholar  elected  for  proficiency  in 
classics  and  mathematics  combined,  and  prepared  to  read  for  double 
honours,  is  said  to  be  almost  extinct  at  Oxford,  whilst  the  literary  critic 
complains  that  in  some  cases  scholarships  in  mathematics  and  natural 
science  are  awarded  to  candidates  who  are  almost  entirely  destitute  of 
the  elements  of  a  liberal  training. 

It  may,  I  fear,  also  be  said  that  history  scholarships  are  at  times 
awarded  to  boys  who  have  been  diverted  to  exclusive  reading  of  history 
at  a  time  when  they  would  have  been  better  employed  on  the  general 
curriculum  of  school  work. 

And  it  might  even  be  urged  that  in  many  schools  the  classical  training 
is  little  more  than  a  sort  of  old-fashioned  specialisation  on  tl»»5  learning 
of  two  languages,  with  very  little  of  that  training  of  thought,  or  taste,  or 
faculty  which  would  be  given  by  an  adequate  amount  of  attention  to  a 
wider  range  of  subjects,  and,  what  desenes  to  be  specially  noted,  with  no 
training  at  all  in  scientific  method. 

Whatever  force  there  may  be  in  those  various  allegations,  it  must  be 
obvious  that,  in  so  far  as  premature  specialisation  is  thus  encouraged  by 
the  universities,  their  influence  on  our  schools  is  being  exercised  to  the 
detriment  rather  than  t,he  encouragement  of  a  truly  liberal  and  well 
balanced  educational  system. 

On  this  theme  I  desire,  in  conclusion,  to  support  what  T  have  been 
saying  by  calling  into  the  witness-box  a  very  distinguished  living  authority 
who  can  speak  to  you  from  a  direct  personal  experience  of  both  school 
and  university  education  extending  ou»r  half  a  century — Dr.  Butler,  the 
Master  of  Trinity  College,  Cambridge,  and  formerly  Headmaster  of 
Harrow. 

In  an  address  published  about  a  year  ago  he  says  :  *  A  new  creed 
seems  to  have  reached  us  from  home  unaccredited  educational  Mecca  that 
man  lives  by  literature  or  science  alone,  and  that  schools  live  by  scholar- 
ships. 

'There,  has  arisen  in  our  schools  a  modern  Polyphemus,  one-eyed,  mis- 
shapen. Under  his  new  name  of  specialisation  pupils  and  teachers  bow 
down  before  him,  cultivating  exclusively  just  one  part  of  the  mind  and 
one,  only,  and  that  sometimes  the  least  social  and  the- least  human,  as  if  the 
boy  were  made  for  the  .subject  of  .study  and  the  emoluments  attached  to 
it,  and  not  the.  subject  and  its  emoluments  for  the  boy. 

1  It  is,  for  instance,  one.  of  my  privileges,'  he  tells  us,  *  in  the  college  of 
Newton,  and  Bacon,  and  Tennyson  to  have  a  share  in  conducting  entrance 
scholarship  examinations. 

•  In  connection  with  one  of  these  examinations  I  take  up  the  English 
essay  paper  or  the  paper  of  general  questions  which  by  a  recent  and 
refined  barbarity,  sanctioned  as  yet  by  only  a  few  collets,  all  the.  candi- 
dates at  Trinity  are  now  obliged  to  attempt,  and  the  Knglish  work  shown 
up  by  a  considerable  proportion  of  the,  candidates  is  simply  appalling.' 
Such  is  the  description  given  of  candidates  for  the  pri/.i's  ollered  by  the 
greatest  of  Cambridge  colleges,  and  we  may  fairly  ask,  If  this  is  the  green 
tree,  what  of  the  dry  '? 

k  .1  know/  he  adds,  'from  happy  experience  the  excellent  English  which 
many  schoolboys  are  able  to  write.  But  in  the  essays  I  have  in  my 
thoughts  you  can  detect,  after  the  kindliest  search,  no  mind,  no  arrange- 
ment, no  substance.  It  would  seem  as  though  no  topic  had  an  interest 
for  the  writers,  and  that  they  had,  so  far  in  their  lives,  found  almost 
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nothing  to  think,  to  feel,  to  say.  And  who,  as  as  a  rule,  are  these  un- 
fortunates ?  They  are  the  boys  who  have  been  specialised  in  that 
modern  phroiitisterion  which  prepares  them  to  win  scholarships  in  special 
subjects.'  And  these  subjects,  it  must  be  confessed  even  here,  are  generally 
mathematics  and  natural  science.  If  time  permitted  I  might  extend 
my  quotations  from  Dr.  Butler's  criticism,  a  criticism  which  cuts  in 
various  directions,  like  a  two-edged  sword  ;  but  I  must  be  content  to 
note  his  practical  conclusion  :  '  It  seems  to  me  tolerably  certain,'  he  says, 
'that  we  must  ere  long  reconsider  our  methods,  and,  if  the  phrase  may 
be  permitted,  redistribute  our  bribes.' 

My  observations  on  the  topics  already  dealt  with  have  run  to  such 
length  that  I  must  not  tax  your  patience  farther.  I  therefore  limit  what 
I  have  to  suggest  011  the  influence  exercised  by  our  universities  through 
the  training  of  teachers  to  a  few  brief  concluding  words. 

As  a  rule  the  authorities  of  secondary  schools  prefer  to  employ  univer- 
sity graduates  in  all  branches  of  school  education,  and  it  is  most  desirable 
that  this  preference  should  bo  encouraged  and  assisted  by  every  possible 
means  ;  for  there  is  no  better  service  which  the  universities  can  do  to  the 
nation  than  that  of  training  and  sending  out  highly  qualified  teachers. 

And  yet  till  quite  recently  no  attention  has  been  given  to  this  aspect 
of  their  work  apart  from  the  general  courses  of  study  which  are  provided 
equally  for  men  who  are  looking  forward  to  other  professions  or  to  no 
profession  at  all. 

It  may  possibly  be  argued  that  it  is  not  tho  business  of  the  university 
to  give  pedagogic  any  more  th;in  medical,  or  legal,  or  industrial,  or  com- 
mercial, or  any  other  form  of  technological  training. 

This,  however,  is  only  partially  true,  seeing  that  in  the  iirst  place  A 
university  cannot  properly  fulfil  its  function  as  a  teacher  of  its  own 
students  so  long  as  it  continues  to  give  no  training  in  tho  art  of  teaching, 
and  in  the  ~iext  place  the  relationship  in  which  the  universities  stand  to 
school  education  is  entirely  different  from  their  relationship  to  the  various 
professions  and  occupations  of  later  years. 

Thus  we  may  fairly  argue  that  it  is  high  time  for  our  ancient  univer- 
sities to  give  more  special  attention  to  educational  methods,  and  more 
encouragement  than  has  hitherto  been  given  to  the  selection  of  such 
courses  of  study  and  such  combinations  of  subjects  as  will  form  the  best 
equipment  for  that  large  body  of  students  who  year  by  year  go  out  direct 
from  the  universities  to  the  work  of  teachers  in  secondary  schools. 

I  plead  for  these  various  reforms  on  the  ground  that,  whilst  pouring 
a  stream  of  fresh  life  and  interest  into  many  of  our  secondary  schools, 
they  would  involve  no  interference  with  any  of  the  higher  functions  of 
our  universities,  no  undue  dissipation  of  energy,  no  lessoning  or  lowering 
of  their  work  as  homes  of  learning  and  research.  Such  changes  would, 
011  the  other  hand,  bring  an  extension  and  deepening  of  their  influence  in 
the  general  life  of  the  people,  making  them  more  truly  and  more  fully  the 
universities  of  the  nation,  instinct  with  larger  and  more  vigorous 
activities,  and  bringing  them  nearer  than  ever  before  in  our  day  to  the 
realisation  of  that  ideal  which  a  great  English  writer  saw  in  his  dreams 
when  he  said  : 

4  A  university  is  a  place  of  concourse  to  which  a  thousand  schools 
make  contributions.  She  draws  the  world  to  her  like  ancient  Athens, 
and  sends  out  her  literature,  her  preachers,  her  missionaries  into  the 
world. 
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1 A  university  is  a  place  which  wins  the  admiration  of  the  young  by  its 
celebrity,  kindles  the  affection  of  the  middle-aged  by  its  beauty,  and 
rivets  the  iidelity  of  the  old  by  its  associations.  Tt  is  a  seat  of  wisdom, 
a  light  of  the  world,  a  minister  of  the  faith,  an  ah  MI  mater  of  the  rising 
generation.' 

Ho,  with  much  more  to  the  same  effect,  wrote  John  Henry  Newman  ; 
and  it-  is  just  because  I  desire  to  see  our  universities  maintain  and  extend 
their  marvellously  fascinating  and  attractive  influence  as  the  nursing 
motheis  of  all  that  is  best  and  most  illuminating  ami  most  powerful  in 
our  national  life  that  I  press  for  the  reforms  J  have  ventured  to  advocate 
in  this  paper. 

For  convenience  and  clearness  it  may  be  well  that  I  should  briefly 
summarise  the  chief  suggestions  I  have  ventured  to  make. 

A.  RrftiHiwitiouK. —  1.  Tho  external  examinations  conducted  by  the 
universities  would  in  many  cases  be  better  and  more  valuable  if  made 
more  concrete;  and  practical. 

"2.  In  tho  entrance  examination  to  the  university  (Tlesponsion,s  or 
Little  (Jo), 

(a)  Candidates  .should  be  free  to  ofl'er  some  .suitable  equivalent  in 
place  of  (J  reek. 

(/*)  Some  other  much  needed  improvements  should  be  introduced,  e  g. — 

(i.)  An  elementary  knowledge  of  natural  science  and  of  one  modern 
language  should  be  made  obligatory  on  all  candidates. 

(ii.)  Ability  to  write  Kiiglish  should  lie  tested,  and  a  knowledge  of 
some  period  of  English  history  and  literature  should  be  required. 

(iii.)  The  examination  in  Latin  or  any  other  language  should  include 
questions  on  some  period  of  history  and  literature,  and  on  the  subject 
matter  of  any  prepared  books,  together  with  the  translation  of  easy 
passages  from  authors  that  have  not  been  prepared. 

(iv.)  Candidates  should  not  be  excluded  from  residence  before  passing 
this  examination,  nor  should  they  be  required  to  pass  all  subjects  at  the 
same  time,  but  the.  passing  in  all  the.  parts  of  this  examination  should  be 
a  necessary  preliminary  to  entry  for  any  other  examination  required  for 
a  degree. 

(v.)  ft  might  reasonably  be  made  a  rule  that  no  scholar  should  enjoy 
the  emoluments  of  his  scholarship  until  he  had  passed  this  examination. 

(vi.)  Marks  of  distinct  ion  should  be  given  for  work  of  superior  merit  in 
this  and  every  other  examination  conducted  by  the  university. 

1>.  Endow nwuf*. —  I.  The  value  of  open  scholarships  and  exhibitions 
should  be  considerably  reduced. 

2.  The  money  thus  saved,  or  part  of  it,  should  be  given  in  augmenta- 
tion of  scholarships  held  by  poor  students. 

.'3.  A  fair  proportion  of  scholarships  should  be  awarded  for  excellence 
in  a  combination  of  subjects. 

4.  As  a  rule,  no  scholar  should  be  allowed  to  receive  any  emolument 
till  he.  had  passed  liesponsions. 

f).  A  percentage  of  the  endowments  now  awarded  as  entrance  scholar- 
ships  (say  5  per  cent,  or  more)  should  be  distributed  over  the  country  aa 
county  scholarships  on  condition  that  the  county  raised  an  equivalent 
sum  in  each  case  ;  and  a  due  share  of  these  should  be  allotted  to  girls. 
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C.  Training  of  Teachers. — 1.  There  should  be  established  in  each 
university  an  Honour  School  or  Tripos  specially  suited  for  those  who 
are  to  take  up  the  profession  of  teaching,  and  qualifying  for  the  degree 
of  B.A. 

2.  The  establishment  of  such  a  school  would  carry  with  it  the  pro- 
vision of  adequate  professorial  and  other  instruction  in  the  subjects 
required. 
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FOR  a  number  of  years  past  your  Committee  have  given  a  tabular  state- 
ment showing  the  increased  attention  which  has  been  devoted  to  instruc- 
tion in  natural  and  experimental  science  from  year  to  year.  Up  to  1890 
the  Government  Code  of  regulations  for  day  schools  was  so  framed  as 
practically  to  exclude  such  teaching.  Schools  were  at  that  time  limited 
to  two  so-called  'class  subjects/  which  were  specifically  defined  as 
'English,  Orography,  History,  and  Elementary  Science/  and  of  which 
*  English  '  must  be  one.  Of  the  other  three  '  Geography  '  has  always  been 
the  most  popular,  and  '  Elementary  Science  '  was  the  least  so.  Hence, 
in  the  year  1889-90,  the  number  of  school  departments  in  which  English 
was  taken  amounted  to  no  less  than  20,304,  while  Elementary  Sciences 
was  taught  in  only  32.  At  that  period  the  instruction  in  English  was 
almost  exclusively  con  fined  to  grammatical  exercises,  and  that  in 
Geography  to  topographical  details.  Nowadays  both  terms  are  to  bo 
understood  in  a  much  broader  and  more  scientific  sense.  At  the  period 
above  named  a  free  choice  among  these  subjects  was  given,  and  the  pre- 
ponderance of  English  grammar  began  to  decline,  and  has  continued  to 
do  so  ever  since.  In  1890-01  the  figures  for  English  and  Elementary 
Science  were  19,825  and  173  respectively  ;  in  1891-92  they  were  18,17o 
and  788  ;  the  table  given  below  will  show  the  comparative  figures  each 
succeeding  year  to  1899-1900.  Object  lessons  were  made  an  obligatory 
subject  of  instruction  in  the  three  lower  Standards  from  September  1, 
1896,  and  hence  the  rapid  rise  in  the  two  succeeding  years ;  they  then 
became  merged  into  the  general  term  of  Elementary  Science,  and,  follow- 
ing the  terminology  of  the  Code,  may  sometimes  be  included  under  the 
head  of  Geography,  which  may  account  for  the  reduced  numbers  for 
Elementary  Science  in  the  last  two  years  of  the  table  : — 


English  .  .  .  17,394  : 1 7,032  j  16,280  |  15,327  1 14,286 
Geography  .  .  I  H,256  , 15,250  . 15,702  1 16,171  j  16,640 
Elementary  Science '  1,073'  1,215  1,712 1  2,237'  2,617 
Object  Lessons  .  |  —  I  —  —  '  1,079,  8,321 


13,450 

17,049 

2,143 

21,882 


13,194  12,993 
17,872  18,632 

'•21,:iOlllt>,998 
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A  still  greater  change  in  these  figures  will  probably  become  apparent 
next  year,  as  the  terms  c  class  subjects '  and  '  Elementary  Science '  are 
removed  from  the  Code,  and  this  branch  of  instruction  is  covered  by  the 
term  of  '  lessons,  including  object  lessons,  on  Geography,  History,  and 
Common  Tilings.'  The  number  of  departments  in  '  schools  for  older 
scholars'  for  the  year  1899-1900  was  23,214,  so  that  English  Grammar, 
which  t,en  years  previously  was  taken  almost  universally,  is  now  taken 
in  little  -nore  than  one-half  of  those  ;  Elementary  Science,  mainJy  in  the 
form  of  object  lessons,  being  taken  instead. 

In  last  year's  Report  your  Committee  gave  the  number  of  scholars 
qualified  for  grants  in  specific  subjects  as  compared  with  the  number  of 
scholars  presented  for  examination  in  these  several  subjects  in  former 
years.  It  seemed  to  indicate  that  the  abolition  of  the  system  of  indivi- 
dual examination  had  been  received  with  great  favour  by  school  managers 
and  teachers,  and  that  the  work  of  the  upper  Standards  had  been  more 
largely  devoted  to  this  branch  of  instruction.  The  returns  for  the  year 
1899-1900  appear  to  show  that  the  spurt  caused  by  the  change  in  the 
plan  of  assessing  the  grant  has  not  been  fully  maintained,  every  subject 
showing  a  falling-oil'  as  compared  with  the  previous  year,  either  abso- 
lutely, or  relatively  to  the  number  of  scholars  in  the  upper  Standards. 


Scholar*  qualified  fur  Ciruntt 
1WH-1W  ,        I89l)-li)00 

in,  iso  lou  .:<.*>  i 

Kiicliil r»,'.KJ2  6.20S 

Mensuration L' I.HI  8  21,432 

Mechanics      ........  50,321  42,.~>31 

Animal  Physiology 41,211  3<>,8lO 

IJotany  .    " S.833  8,i>0."» 

Principles  of  Agriculture I,lii3  l.lfitt 

Chemistry 11,737  13,r>57 

Pound,  Light,  and  Ht-nt l.SUS  1,733 

Miifrnctism  «md  Electricity 7,r,D7  7,02i» 

Domestic  Economy        .                           ...  5)3,171  87.MS 

Totals   ....  :W3,37H 


The  figures  for  189S-99  gave  r>0-7  as  the  percentage  proportion  of 
scholars  qualified  for  grant  as  compared  with  the  possible  number  <*f 
students.  Those  for  1899-1900  gave  a  percentage  of  only  4.V1.  It  does 
not  necessarily  follow,  however,  that  the  ultimate  result  is  to  be  regarded 
as  unfavourable,  for  it  appears  that  the  amount  of  time  gi\en  by  the 
scholars  individually  during  the  year  has  been  raised  from  about  fifty-two 
to  sixty  hours. 

The  aggregate  number  of  scholars  in  the  Evening  Continuation  Schools 
taking  subjects  of  instruction  more  or  less  scientific  in  their  character  has 
not  varied  much  in  the  year  1899- 1900  from  that  of  the  previous  year's 
return,  but  is  still  considerably  less  than  in  1897-98,  as  the  following 
table  will  show.  The  fluctuation  in  the  individual  items  is,  however, 
larger  than  might  have  been  expected  from  the  close  approximation  of 
the  totals,  and  would  rather  seem  to  indicate  a  want  of  continuity  in  the 
course  of  the  studies. 
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Number  of  Scholars 


Science  Subjects                     ' 
Euclid     

18DO-97 
1.03G 

1897-1)8 

i,r>25 

1808-91) 
1,21(5 

Algebra  : 
Mensuration   .        .               •  « 

7,4G7 

27,388 

9,99G 

29,9(K; 

7,432 
24  3(>9 

Elementary  Physiography 
Elementary  Physics  andChemistiy 
Domestic  Science   .... 
Science  of  Common  Things    . 
Chemistry       .                         . 

8,712 
3,135 

10,1)10 

5,(J5H 

4,807 
2,902 
117 
13,874 
(5,590 

4,218 
3,1  Iti 
112 
11,495) 
f)  9(>3 

Mechanics       ..... 
Sound,  Light,  and  Heat  . 
Magnetism  and  Klectiicity     . 
Human  Physiology 

I,8(i5 
72(> 
3.H34 

f>,8i;r> 
3,179 

1,129 
S13 
3,9117 
(i,237 
1,002 

987 
437 
3,005 
l,29<; 
3  270 

Botany    .                         ... 

09-j 

7(13 

597 

AmicultiiK1     ..... 
Horticulture    ..... 
Navigation.     ..... 
Ambulance      
Domestic  Economy 

2.355 
1,001 
(>S 
0,08(3 

19,505 

2,300 
1  ,354 
37 
13,030 
23,271 

1,S2(> 
1,350 

n; 

12,980 
1  9,9  1  5 

18U9-1900 


7,217 

28,090 

11,552 

8,497 

471 

11.41S 


Totals 


305 

8,244 

4,(>19 

3,228 

718 

1,S47 

1,511 

US 

11,838 

18,968 


107,042         120,710         10(5,005     .    108,228 


The  alterations  which  have  been  made  in  this  year's  Code  for  England 
and  Wales,  beyond  embodying  last  year's  Minute  establishing  Higher 
Elementary  Schools,  consist  mainly  in  the  abolition  of  the  schedules  of 
instruction  ;  teachers  are  thus  left  free  to  adopt  whatever  course  of  study 
they  think  best,  or  to  follow  uioie  or  less  closely  the  specimen  schemes 
\vhich  have  been  issued  by  the  Board  of  Education  for  their  guidance, 
and  which  were  referred  to  in  last  year's  report.  In  the  matter  of  Higher 
Elementary  Schools  very  little  progress  has  been  made.  The  School 
Board  for  London  and  many  of  those  in  the  larger  provincial  towns 
proposed  to  pub  their  Higher  Grade  Schools  under  the  Minute,  but  very 
few  of  their  propositions  have  yet  been  approved  by  the  Board  of 
Education  ;  the  net  result  is  that  some  half-dozen  or  so  of  schools  which 
were  recognised  as  Organised  Science  Schools  under  the  Science  and  Art 
Department  have  been  transferred  to  the  Whitehall  Board  as  Higher 
Elementary  Schools,  and  are  doing  under  the  Minute  very  similar 
work  to  what  they  were  doing  before.  Only  one  or  two  new  schools 
have  been  opened  as  such.  If  the  School  Boards  in  England  and  Wales 
had  the  same  freedom  of  adapting  their  schools  to  the  special  requirements 
of  the  locality  that  is  enjoyed  under  the  Scotch  Code,  many  more  of  the 
Higher  Grade  Schools  would  ere  this  have  been  working  under  the  Minute. 

There  has  been  considerable  discussion  between  the  School  Board  for 
London  and  the  Board  of  Education  as  to  the  requirement  by  the  latter 
of  fully  equipped  Chemical  and  Physical  Laboratories  for  the  first  and 
second  years'  scholars  in  these  Higher  Elementary  Schools,  as  well  as  for 
those  of  the  third  and  fourth  years.  To  comply  with  the  conditions  of 
the  Minute  the  children  will  have  to  be  entered  at  about  eleven  years  of 
age  ;  and  the  School  Board  contends,  and  in  this  they  are  supported  by 
the  opinion  of  eminent  authorities,  that  special  laboratories  and  elaborate 
apparatus  are  not  needed  during  the  first  two  years,  and  that  such  would 
be  harmful  rather  than  otherwise.  The  School  Rnnrd  maintain  th.it 
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instruction  in  the  rudiments  of  Science  suited  to  their  age  and  capacity, 
which  can  be  illustrated  by  simple  experiments  in  their  ordinary  class- 
room even  better  than  in  an  expensive  and  highly  organised  laboratory. 

Much  difficulty  is  experienced  by  the  School  Hoard  for  London  in 
obtaining  teachers  of  ex}rerience.  On  this  matter  Lord  Reay  made  the 
following  remarks  in  his  Last  annual  address  :  '  The  subject  of  the 
training  of  teachers  is  so  important  that  I  should  not  be  justified  if  I  did 
not  allude  to  it.  This  Board  has  taken  great  care  in  providing  better 
opportunities  for  training  ex-pupil  teachers  and  pupil  teachers,  and  I 
trust  that  the  increased  facilities  we  asked  for  training  our  ex-pupil 
teachers  for  the  Cortiiicato  Examination  will  be  granted  by  the  Board  of 
Education.  The  Board  had  reason  to  believe  that  in  too  many  cases  the 
view  of  the  teacher  in  giving  a  Science,  lesson  was  too  exclusively  confined 
to  simply  imparting  isolated  facts  of  Science  to  the  scholars.  It  accord- 
ingly arranged  courses  of  Pedagogical  Lectures,  confined  to  teachers 
capable  of  profiting  by  them,  for  the  purpose  of  improving  the  methods  of 
instruction  in  the  practical  teaching  of  Elementary  Science.  T  believe 
that  these  lectures  have  already  resulted  in  materially  increasing  the 
efficiency  of  the  instruction,  and  that  with  the  help  of  suggestions  contained 
in  the  reports  received  from  ])r.  Kimmins,  of  the  Technical  Education 
Board,  these  lectures  will  be  of  increased  value  in  still  further  improving 
the  methods  of  Science  instruction  in  schools  of  the  Board.'  The  Board 
of  Education  at  South  Kensington  have  also  arranged  that  c  a  limited 
number  of  teachers  and  of  students  in  Science  classes  under  the  Board 
who  intend  to  become  Science  teachers  are  admitted  free  for  a  term  or  a 
session  to  the  Sessional  Courses  of  Instruction  in  the*  Royal  College  of 
Science.'  The  London  School  Board  allow  leave  of  absence  to  any  of 
their  teachers  accepted  for  this  course  of  instruction. 

A  Departmental  Committee  has  been  appointed  to  consider  and  report 
upon  Training  College  Courses  of  Instruction.  The  principal  term  of  the 
Reference  was  'To  draw  up  specimen  Two-year  Courses  of  lust  ruction  for 
students  in  Training  Colleges,  with  a  view  to  ensuring  that  every  student 
who  leaves  College  shall  have  been  through  some  course  which  shall  pre- 
pare him  in  the  best,  manner  for  some  one  or  other  of  the  various  types  of 
Elementary  Schools.'  The  specimen  schemes  of  instruction  are  still  under 
the  consideration  of  the  Committee  ;  but  the  Memorandum  which  has 
been  already  issued  sets  forth  the  general  principles  recommended  by  the 
Committee.  The  principal  features  are  the  liberty  given  to  the  Colleges 
to  frame  their  own  courses  ;  the  inclusion  for  the  first  time  of  Elementary 
Science  and  Manual  Training  ;  the.  minimising  of  e.\aminations  ;  and  the 
association  of  the  teachers  with  the  examiners. 

The,  Scotch  Kducntion  Department  has  this  year  issued  a  Code  of  Regu- 
lations for  Continuation  Classes  providing  further  instruction  for  those 
who  have  left  school.  This  is  to  replace  the  former  K\  oning  Continuation 
School  Code  and  the  Science  and  Art  Directory  in  so  far  as  that  related  to 
evening  classes.  The-  chief  novelty  of  this  Code  consists  in  the  fact  that 
the  classes  may  be  held  at  any  time  of  the  day.  Ft  is  also  interesting 
to  note  that  there,  is  no  superior  restriction  of  age.  The  work  is  arranged 
in  four  divisions.  The  first  is  apparently  intended  for  the  benefit  of 
those  whose  early  education  has  been  somewhat  neglected,  and  does  not 
include  any  higher  subjects  than  would  be  taken  in  an  ordinary  school — 
*  the  Principles  of  Arithmetic  with  such  practical  applications  as  may  be 
approved  of  in  any  particular  case,  Geography  and  Nature  Knowledge.1 
In  Division  II.  the  work  begins  to  be  specialised  under  different  heads — 
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'  (E.)  Mathematics  :  Elementary  Geometry,  Algebra,  Mensuration,  Dy- 
namics. (F.)  Science  :  the  Elementary  Study,  Theoretical  or  Practical, 
of  Physical  or  Natural  Science,  or  any  branch  thereof.  (G.)  Applied 
Mathematics  and  Science  :  (a)  General  :  Practical  Mathematics,  including 
technical  arithmetic  and  the  use  of  mathematical  instruments  and  tables  ; 
mechanical  drawing ;  (b)  Special  :  the  application  of  Mathematics  and 
Science  to  specific  industries,  Machine  Construction,  Building  Con- 
struction, Naval  Architecture,  Electrical  Industries,  Mining,  Navigation, 
Agriculture,  Horticulture,  or  any  other  industry  the  scientific  principles 
underlying  which  admit  of  systematic  exposition.  Where  the  nature  of 
the  subject  requires  it,  previous  or  concurrent  study  of  (G.  a\  or  of  the 
related  branch  of  (E.)  or  of  (F.)  will  be  made  a  condition  of  taking  any 
subject  under  (G.  b).  .  .  .  By  practical  instruction  is  meant  instruction 
under  heads  (F.)  and  (G.),  which  proceeds*  mainly  by  means  of  actual 
experimental  work  on  the  part  of  the  pupils  themselves  in  properly 
equipped  laboratories  or  workshops,  supplemented  by  the  necessary 
explanations  and  demonstrations.  Supplementary  theoretical  instruction 
may  be  reckoned  as  part  of  the  practical  course,  but  to  an  extent  not 
exceeding  one-half  of  the  time  occupied  by  the  pupils  in  practical  work.' 
In  Division  III.  the  work  is  of  a  more  advanced  character,  and  '  may 
either  provide  for  graduated  instruction  in  a  single  subject  or  for 
systematic  instruction  in  a  group  of  subjects,  arranged  with  a  \iew  to 
fitting  students  for  the  intelligent  practice  of  some  particular  industry  or 
occupation.7  A  higher  grant  above  that  for  the  Commercial  Courses  is 
allowed  for  the  Industrial  Courses,  subject  to  the  condition  '  that 
provision  shall  be  made  in  properly  equipped  laboratories  or  workshops  for 
such  amount  of  practical  work  on  the  part  of  the  students  (being  work 
illustrative  of  the  principles  taught,  and  not  merely  the  practice  of  trade 
processes)  as  the  Department  may  deem  requisite  in  the  particular  circum- 
stances.' Division  IV.  is  concerned  with  auxiliary  classes  which  do  not 
come  within  the  purview  of  this  Committee. 

The  new  Programme  of  Instruction  for  the  National  Schools  of  Ire- 
land, which  was  issued  in  September  11)00,  abolished  payment  by  results  : 
the  compulsory  subjects  of  instruction  were  considerably  changed,  and 
the  Commissioners  of  National  Education  indicated  the  methods  of  in- 
struction they  expected  the  teachers  to  adopt.  It  gave  greater  latitude 
to  the  teachers,  both  in  the  organisation  of  their  schools  and  in  the 
methods  and  amount  of  instruction  Driven  in  them. 

The  following  quotation  from  the  Revised  Regulations  indicate  the. 
prominent  position  that  has  been  accorded  to  Science  Teaching  in  Irish 
Schools  : — 

1  Elementary  Science  and  Object  Lessons  are  compulsory  in  schools  in 
which  there  are  teachers  holding  certificates  of  com  potency  to  give,  in- 
struction in  them,  and  these  branches  must  be  introduced  into  all  schools 
as  soon  as  possible/ 

In  view  of  the  fact  that  little  or  no  instruction  in  Science  has  been 
given  for  some  years  past  in  the  schools,  the  Commissioners  have  appointed  a 
Head  Organiser  for  Science  Instruction,  whose  duties  are  (a)  to  ad  vise  th« 
Commissioners  on  matters  relating  to  the  introduction  and  development 
of  Science  Instruction,  (b)  to  supervise  the  instruction  of  King's  Scholars 
in  the  Training  Colleges,  (c)  to  arrange  for  the  instruction  in  methods  of 
Science  Teaching  of  the  teachers  at  present  at  work  in  the  schools. 

The  extract  from  the  '  Notes  and  Observations  of  the  Commissioners/ 
which  will  be  found  in  the  Appendix,  explains  the  purposes  for  which  the, 
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subject  is  introduced,  and  indicates  the  character  of  the  teaching  that  is 
deemed  desirable. 

The  problem  of  giving  some  training  in  the  methods  of  Science 
Teaching  to  the  12,500  teachers  in  the  National  Schools  is  a  very  difficult 
one.  It  is  further  complicated  by  the  fact  that  there  are  over  three 
hundred  large  and  well  equipped  convent  schools  conducted  by  nuns  of 
various  religious  orders,  who  would  naturally  adopt  tho  new  subjects  of 
instruction  if  they  were  properly  trained  ;  but  in  the  majority  of  cases 
the  nuns  cannot  leave  the  convents  to  attend  the  central  classes  for  teachers. 

Training  centres  have  already  been  established  and  laboratories 
equipped  in  Dublin,  Belfast,  Cork,  Londonderry,  Watorford,  and  Limerick, 
and  some  five  hundred  male  and  female  teachers  have  been  taken  through 
courses  of  training  during  the  past  year.  These  courses  are  of  two  kinds  :  -  - 

(a)  Day  courwx,  at  which  the  teacher  attends  every  week-day  for  six 
weeks,  spending  about  five  hours  per  day  in  the  laboratory. 

(b)  Evm'my  course*,  at  which  the  teacher  attends  one  or  two  evenings 
a  week  for  a  period  of  three  hours  each  evening. 

Travelling  expenses  and  a  small  maintenance  allowance  are  paid  to 
teachers  attending  these  courses.  In  addition  to  the  laboratory  work, 
each  teacher  is  expected  to  produce  a  satisfactoi-y  written  record  of  the 
practical  work  performed  in  the  laboratory,  and  the  certificate  of  com- 
petency to  teach  is  not  granted  until  a  satisfactory  notebook  of  the 
teacher's  individual  practical  work  is  produced. 

The  course  of  work  undertaken  in  these  classes  is  based  on  the  sugges- 
tions of  the  Committee  of  the  British  Association,  and  is  similar  in 
character  to  the  old  Course  1 1  of  the  Knglish  Code.  Through  this  instruction 
endeavour  is  made  to  impress  upon  the  teachers  the  importance  of  the 
method  of  scientific  inquiry  and  of  habits  of  accurate  work,  observation, 
reasoning,  and  expression  ;  in  the  later  stages  of  the  work  for  Girls' 
Schools  the  science  underlying  domestic  economy  arid  hygiene  is  treated. 

Of  the  six  Training  Colleges  two  give  instruction  to  both  men  and 
women,  two  to  women  only,  and  two  to  men  only  ;  all  have  during  the 
year  provided  themselves  with  laboratories  for  instruction  in  Experimental 
Science,  and  a  most  praiseworthy  start  lias  been  made  ;  thus  nearly  nine 
hundred  students  in  training  have  receded  careful  laboratory  instruction. 
The  average  size  of  these  Training  College  classes  is  thirty  students.  A 
new  Training  Coliege  for  women,  to  be  opened  next  session  in  Limerick,  is 
also  provided  with  an  excellent  laboratory. 

Tho  Commissioners  have*  recently  decided  that  the,  entire  Inspection 
Staff  is  to  undergo  a  course  of  training  under  the  Head  Organiser,  in  order 
to  familiarise  them  \\ith  the  methods  the  teachers  are  expected  to  pursue. 
A  number  of  Inspectors  are  already  attending  these  classes. 

In  order  to  facilitate  the  introduction  of  subjects  of  practical  and 
manual  instruction  into  schools  in  the  poorer  districts,  the  Treasury  has 
sanctioned  small  grants  of  apparatus  to  these  schools,  on  the  condition 
that  one  of  the  teachers  of  the  school  has  been  through  a  satisfactory 
course  of  training. 

The  untimely  death  of  the  greatly  esteemed  Professor  G.  F.  FitzGerald 
and  tho  retirement  from  the  Board  of  Commissioners  of  his  Grace  the 
Catholic  Archbishop  of  Dublin  (Dr.  Walsh)  are  irreparable  losses  to  the 
cause  of  true  education  in  Ireland.  To  the  efforts  of  these  two  dis- 
tinguished educationists,  both  as  members  of  the  Commission  on  Manual 
and  Practical  Instruction  and  as  Commissioners  of  National  Education 
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the  sweeping  and  far-reaching  reforms  in  the  Irish  system  of  National 
Education  are  mainly  due.  It  is  impossible  to  overestimate  the  debt  the 
country  owes  them. 

Your  Committee  have  not  felt  called  upon  to  express  an  opinion  on 
the  important  questions  involved  in  the  decision  of  the  Court  of  King's 
Bench  in  the  case  of  Rex  v.  Cockerton  ;  but,  whatever  may  be  the  final 
outcome  of  the  present  controversy,  they  trust  that  the  interests  of 
Science  Teaching  will  not  suffer,  whatever  the  authority  be  to  which  it 
may  be  entrusted. 


APPENDIX. 

IRISH  NATIONAL  SCHOOLS. 

'  Object  Lessons  mid  Elementary  faience. 

1  The  Programme  provides  for  alternative  courses  in  Object  Lessons  and 
Elementary  Science  ;  but  in  most  of  the  rural  National  Schools  it  would 
bo  desirable  that  the  courses  embracing  the  principles  underlying  Agri- 
culture and  Horticulture  should  be  adopted.  In  this  connection  the 
Commissioners  desire  to  direct  the  attention  of  Managers  and  Teachers  to 
the  French  Scheme  for  teaching  Agriculture,  of  which  a  translation  is  pub- 
lished in  the  Appendix  to  the  Report  of  the  Commission  on  Manual  and 
Practical  Instruction.  At  the  same,  time  the  Commissioners  leave 
Managers  and  Teachers  free  to  select,  with  the  concurience  of  the  Inspec- 
tor, any  of  the  courses  that  may  seem  most  suited  to  the  special  circum- 
stances of  the  schQols.  Managers  may  also  submit  for  the  approval  of 
the  Commissioners  other  courses  than  tho^e  provided,  if  they  consider 
none  of  the  Programme  courses  suitable. 

c  As  regards  Course  I.  of  Elementary  Experimental  Science,  it  is 
intended  that,  as  far  as  possible,  all  experiments  should  be  performed  by 
some,  at  any  rate,  of  the  scholars.  The  teaching  should  be  directed,  in 
the  first  place,  to  produce  accurate  habits  of  experiment,  observation,  and 
thought.  The  experiment  should  be  undertaken  with  the  object  of 
solving  a  definite  problem,  and  the  explanation  or  discussion  of  results 
should  not  take  place  until  the  experiment  has  been  repeated  by  indi- 
vidual members  of  the  class  a  number  of  times.  An  accurate  Balance  is 
essential  to  such  a  course,  and  it  should  not  be  attempted  without  such 
an  instrument.  The  greatest  possible  importance  should  be  attached  to 
the  composition  and  stylo  of  the  accounts  of  the,  experiment  :  these  notes 
should  represent  the  scholar's  own  version  of  tho  experiment.  The 
primary  purpose  of  such  a  course  is  to  produce  accurate  Imbits  of  thought 
and  work,  and  the  mere  giving  of  information  should  be  subordinate  to 
this  purpose. 

'  In  giving  instruction  in  Object  Lessons  teachers  should  make  a  dis- 
tinction between  observation  of  the  Object  itself  and  giving  information 
about  the  Object.  The  pupils  in  the,  first  instance,  should  ho  aske,d  closely 
to  oberve  the  Object,  .and  to  describe,  everything  they  can  see.  or  discover 
about  it,  before  the  teacher  gives  any  instruction  on  the  Object.  In 
connection  with  Object  Lessons  and  Elementary  Science  Lessons,  as  in  con- 
nection with  Manual  and  Practical  Instruction,  the  Heuristic  method 
should  be  continuously  employed.  The  pupils  should  cultivate  the  habit 
of  obtaining  knowledge  directly  and  at  first  hand,  finding  out  for  them- 
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selws,  and  thus  developing  tho  faculty  of  observation.  Children  should 
also  be  encouraged  to  make  collections  of  Natural  Objects  to  be  found  in 
the  vicinity  of  the  schools,  and  each  school  should  have  a  Museum  formed 
as  far  as  possible  from  the  collections  of  tho  pupils.  Shells,  stones, 
flowers,  <fce.,  would  form  most  appropriate  objects  for  a  School  Museum. 

*  A  most  useful  combination  of  Drawing  and  Clay  Modelling  can  be 
introduced  as  a  help  to  the  pupils  in  Object  Lessons.     Children  should  be 
encouraged  to  make  simple  drawings  or  models  in  clay  of  the  simpler 
Objects.     As  with  Drawing,  the  teacher  should  make  frequent  use  of  the 
blackboard  in  connection  with  Object  Lessons. 

4  Where  the  circumstances  are  suitable,  school  excursions,  to  see  Objects 
in  their  habitats,  could  be  beneficially  undertaken.  Thus,  a  visit  to  the 
Zoological  Gardens  would  enable  the  children  to  compare  types  of  domestic 
animals  with  which  they  are  familiar  with  wild  animals  of  the  same 
general  order.  In  the  same  way  periodical  visits  to  a  good  kitchen 
garden  would  form  an  excellent  series  of  Object  Lessons  of  a  real  and 
useful  character.  While  Object  Lessons  make  the  school  lives  of  the 
children  more  happy,  they  also  fulfil  three  principal  and  most  important 
uses  :  they  teach  the  children  to  observe,  compare,  and  contrast ;  they 
impart  information  ;  and  they  form  the  basis  for  instruction  in  Drawing,  *fcc. 

1  The  courses  in  Elementary  Sciem-o  detailed  in  Section  V.  of  Pro- 
gramme arc  not  too  difficult  for  the  ordinary  National  School  pupil.  And 
here,  again,  the  Commissioners  think  it  necessary  to  remark  that  by  the 
courses  in  Elementary  Science  they  do  not  wish  to  train  electricians,  agri- 
culturists, «fce.,  but  they  wish  to  give  all  pupils  useful  instruction,  and 
the  possible  future  electrician  or  agriculturist  such  a  knowledge  of  the 
great  natural  principles  underlying  his  profession  as  will  enable  him  to 
pursue  it  with  success  in  after  life. 

'The  great  end  teachers  should  endeavour  to  secure  in  connection  with 
Elementary  Science  is  to  produce  the  scientific  habit  of  research,  and  to 
impress  the  leading  scientific  principles  upon  the  nascent  intelligence  by 
observation  and  simple  experiment  on  the  part  of  the  pupils,  and  by  plain 
expository  and  practical  illustration  on  the  part  of  the  teacher. 

*  As  a  help  to  instruction  in  Course  II.,  every  school  should,  whenever 
possible,  have  a  small  plot  of  ground  as  a  garden.     Jf  this  is  not  feasible, 
garden  boxes  should  bo  placed  in  tae-  windows,  and   be  planted  with  the 
simpler  flowers,  which  could  be  us^d  for  illustrating  the  lessons.     The 
gardens  and  boxes  would,  moreover,  make/  the  schools  more  cheerful  and 
attracthe  to  the  children,  nnd  would  aid  largely  in  the  development  of 
artistic  taste  and  a  love  of  Nature/ 


.  —  Ifrjmii,  of  the,  Cummittee,  con*islin*j 
of  Mr.  W.  WHITAKKK  (I'lurirawn),  Mr.  T.  V.  HOLMES  (Secretary;, 
Professor  11.  MELDOLA,  Mr.  FRANCIS  G  ALTON,  Kir  JOHN  EVANS, 
Dr.  J.  G.  G  ARSON,  Mr.  J.  HOPKINSON,  Professor  T.  G.  BONNEY, 
Ilif  liitc.  Sir  (YTIIBERT  PEEK,  Or.  HORACE  T.  HROWN,  Rev.  J.  O. 
HEVAN,  Professor  W.  W.  WATIS,  llov.  T.  K.  H.  STKBBING,  Mr. 
('.  H.  HEAP,  <///</  Mr.  F.  W. 


THIS  Corresponding  Societies  Committee  have  to  report  that  in.  conformity 

\vith  their  resolution  mentioned  in  the  Report  of  last  year  notice  was 

sent  in  March  last  to  the  Corresponding  Societies  inviting  them  to  consider 

1901.  H  H 
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what  subjects  they  wish  to  have  discussed  at  the  Conference  of  Delegates 
at  Glasgow.  To  this  request  only  one  Society,  namely,  the  Hertfordshire 
Natural  History  and  Field  Club,  responded,  *ii  •„'::••••-<  i'lir  for  the  considera- 
tion by  the  Delegates  c  The  desirability  of  County  Photographic  Surveys.' 
As,  however,  the  Delegate  nominated  by  that  Society  afterwards  found 
that  he  was  unable  to  be  present  at  Glasgow  there  was  a  subsequent 
request  that  the  consideration  of  the  subject  be  postponed.  The  llev. 
J.  O.  Bevan's  offer  to  bring  before  the  Delegates  the  proposition  *  That  tho 
Committees  of  the  Corresponding  Societies  be  invited  to  lay  before,  their 
members  the  necessity  of  carrying  on  a  systematic  survey  of  their 
counties  in  respect  to  ethnology,  ethnography,  botany,  meteorology, 
ornithology,  archaeology,  folklore,  «frr.,J  and  Mr.  C.  H.  J  {cad's  request  to 
have  an  opportunity  of  introducing  '  A  plea  for  an  Ordnance  Map  Index 
of  Prehistoric1  Remains  '  were  accepted  as  subjects  for  discussion  Jit  the 
Conference  of  Delegates  at  Glasgow,  and  notice  of  the  same  was  sent  by 
the  Assistant  General  Secretary  to  the  Delegates  on  receipt  of  their 
names  from  the  Secretaries  of  their  respective  Societies.  The  question 
of  copyright,  which  was  a  topic  of  discussion  at  the  Conference  of  Dele- 
gates at  Bradford  last  year,  having  been  taken  up  by  the  Council  of  the 
Association,  and  they  having  authorised  the  General  Officers  of  the 
Association  to  co-operate  with  other  Societies  in  regard  to  the  question 
if  a  Bill  be  again  brought  before  Parliament,  tho  Committee  have  taken 
no  further  action  in  the  matter. 

The  Marine  Biological  Association  of  the  West  of  Scotland  and  tho 
Haslemere  Microscope  and  Natural  History  Society  were  added  to  tho 
list  of  Corresponding  Societies.  The  Mining  Association  and  Institute 
of  Cornwall  wa§»  removed  from  the  list,  it  having  ceased  to  publish. 

Report  of  tJif  Confrrriirp  of  DrJryHftisi  of  Corr($pon<Uii(j  fiwitlifn 
Jicfff  at  tiltwyou',  tft'jjtt'iHbrr  1901. 

Mr.  F.  W.  Rudler,  F.G.K.,  Chairman,  Mr.  W.  Wliilukor,  F.R.S., 
Vice-Chairman,  and  Dr.  J.  (J.  G  arson  and  Mr.  Alexander  Somer\  ille, 
Secretaries. 

The  Conferences  were  held  on  Thursday,  Sept-ember  1:2,  and  Tuesday, 
September  17,  at  1}  o'clock  P.M.,  in  tho  Medical  Jurisprudence  Class  Room 
of  the  University,  which  was  also  open  to  Delegates  to  moot  in  at  any  lime 
of  the  day  during  the  meeting  of  the  Association.  Professor  (Jlaister, 
moreover,  was  good  enough  to  place  his  retiring  room  adjoining  the  class 
room  at  the  disposal  of  the  officers  for  meetings  of  Committee.  Kor  this 
indulgence  the  best  thanks  of  tho  Committee  are  duo  to  Professor 
(j  laister.  The  following  Corresponding  Societies  nominated  Delegates  to 
represent  them  at  the  Conferences.  The  attendance  of  Delegates  at  Uie 
Conferences  is  indicated  by  the  figures  1  arid  2  placed  in  the,  margin 
opposite  each  Society,  the  former  figure  referring  to  the;  first  Conference, 
the  latter  to  the  second  Conference.  Whore  no  figure  is  shown  the 
Society  will  understand  that  its  Delegate  did  not.  attend  either  of  the, 
Conferences,  and  that  it  was  therefore  not  represented. 
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Glasgow  Geological  Society 
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Hertfordshire  Natural  History  Society 
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MaltonlMeldNaturalists'andScientific 


C.  J.  Watson. 
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Manehester  (Jeoijiaphical  Society 
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1     2     Nottingham  Naturalists' Society 
1      U     Paisley  Philosophical  Institution 
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Society 
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logists'  Field  Club 

1     !»     Wt)olho]N3  Naturalists'  Field  C-luh 
1     U     Yoikslnro  Ucological  and  Polytechnic* 

Society 
I'     Yoik.shnr  Natui ali .sis'  I'liion 


J.  F.  Tocher,  F  l.C. 

Professor  W.  W.  Wat.ts,  F.G.S. 

1'rofessor  H.  Louis,  M.A. 

W.  Whit aker.F.  U.S. 

Vaiighan  Cornish,  D  Sc  ,  F.R.G.S. 

A.  S.  Heid,  M.A. 

I'.  W.  liudler,  F(i.S. 
J.  P.arclay  Murdoch. 
A.  Somcrville. 
Dr.  FreelaiKl  Fergus. 
Wm.  Dale,  F.S.A. 

W.  Whitaker,  F.R.S. 
Miss  Ethel  Sargant. 
C..  W.  Lamirtutfh,  F.G.S. 
T.  Sheppard,  F.U.y. 

T'rofessor  Henry  Louis,  M.A. 
1*.  .M.  ('.  Ktrmode. 

Professor  P.  F.  Kendall,  F.C.S. 
.stair-Corn.  Dubois  I'hillips,  ll.N. 
•liis(>]ih  Lomas-,  F.Q.S. 
M.  !!.  Slater,  F.LS. 

Kli  Soxverhutts.  F.IKJ.S. 
F  \V.  Heinhry.  !•  I!  M.S. 
Dr  James  Itaiikin. 

Francis  D.  Lonye. 
J.  H.  ^lerivale,  M.A. 

R.  llornhy,  M.A 

Pro  lessor  *M.  C.  Potter.  F.L.S. 


W.  liradshaxx'. 
Andrew  Henderson.  LL.D. 
Jlenry  Coates,  F.II  S.K. 
James  Ogden. 

Jame.s  Piairoxvman. 
Wm   Andrews,  K.Ci.S. 

Rex.  J.O.  P,evan,  F.S.A. 
A.  H.  Pxxerivhonse,  F.US. 

Harold  Wager,  F.LS. 


A  Conference  of  the  Delegates  of  the  Corresponding  Societies  in 
connection  with  the  British  Association  was  helil  in  the  JMedical  Juris- 
prudence. Lecture  Theatre  of  the.  (ilus^ou  University  on  Thursday, 
September  12,  1901,  Mr.  F.  W.  Kudlor,  F.O.S.,  Chairman,  presiding. 
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The  Corresponding  Societies  Committee  were  represented  at  the  Confer- 
ence by  the  Chairman,  Mr.  F.  W.  Rudler,  the  Secretary,  Dr.  J.  G.  Garson, 
the  Rev.  J.  O.  Bevan,  and  Professor  W.  W.  Watts.  The  representatives 
of  the  Societies  who  attended  will  be  seen  from  the  list  of  Delegates. 

The  Chairman,  in  opening  the  proceedings,  said  : — If  1  may  judge 
from  the  opinions  which  have  been  expressed  at  some  former  meetings,  it 
will  be  the  general  desire  of  the  Delegates,  whom  I  have  now  the  pleasure 
to  welcome,  that  our  present  Conference  shall  be  utilised  for  the  dis- 
cussion in  a  brief  and  business-like  fashion  of  any  suggestions  which 
may  be  made  for  improving  the  work  of  our  local  Scientific  Societies.  No 
one  mistakes  this  Conference  for  a  supplementary  Section  of  the  Associa- 
tion ;  no  one  comes  here,  I  hope,  expecting  to  hear  formal  addresses  and 
scientific  papers  such  as  he  may  hear  and  discuss  at  his  own  Society. 
But  the  prime  object  of  these  meetings,  I  take  it,  is  to  bring  together 
representative  members  of  various  extra-metropolitan  Societies,  so  that 
once  a  year  at  least  they  may  have  an  opportunity  of  rubbing  shoulder 
to  shoulder ;  and,  by  social  intercourse  and  a  healthy  exchange  of  ideas,  may 
overcome  any  of  the  disadvantages  which,  in  the  case  of  the  smaller 
provincial  Societies,  are  likely  to  arise  from  insulation. 

But  although  a  formal  address  is  not  exacted  from  the  Chair,  yet  I 
understand  that  some  brief  informal  remarks  by  way  of  introduction  to 
our  work  are  not  only  usually  tolerated,  but  have  rather  come  to  be 
expected.  On  this  occasion  it  might  perhaps  be  assumed  that  from  my 
official  connection  with  museum  work  T  should  takr  ,v'\.i-  l:i^-  of  my 
position  to  say  something  about  the  relation  of  local  *v  ;•  ;.:!'.••  >--'ieties  to 
local  museums.  That,  however,  is  a  subject  which  has  already  been  dealt 
with  at  some  of  these  meetings,  notably  at  the  Oxford  Conference  of 
1894,  when  an  interesting  discussion  on  local  museums — their  origin, 
organisation,  and  maintenance — was  initiated  by  the  late  Sir  Cuthbert 
Peek.  This  name  1  cannot  mention  without  adding  an  expression  of 
personal  regret  at  the  loss  which  we  have  unexpectedly  suffered.  Sir 
Cuthbert  was  a  member  of  the  Corresponding  Societies  Committee,  and 
a  frequent  attendant  at  these  meetings  ;  a  man  of  very  varied  scientific 
interests,  from  whom,  being  in  the  prime  of  life,  much  good  work  might 
have  been  reasonably  expected  in  the  future. 

In  connection  with  museums  it  occurs  to  me  that  there  is  one 
unambitious  piece  of  work  which  local  Scientific  Societies  might  readily 
and  usefully  undertake  —work  which  no  doubt  has  been  to  some  extent 
already  accomplished,  but  which  has  rarely  been  carried  out  persistently 
and  systematically.  I  refer  to  the  Re\ filtration  of  Type-spec.imens. 
Every  working  naturalist  from  time  to  time  finds  himself  confronted 
with  the  difficult  tusk  of  tracing  types  and  figured  specimens.  These  arc 
scattered  far  and  wide  over  the  country,  often  in  provincial  museums, 
sometimes  in  private  collections,  and  occasionally  coming  to  light  in 
quarters  where  they  would  be  least  expected.  Undoubtedly  the  best 
central  treasure-house  for  all  scientific  specimens  of  exceptional  interest 
is  the  British  Museum,  and  the  best  thing  to  do  with  a  type-specimen  is 
to  present  it  to  that  Museum.  But  in  cot  tain  rases  there  will  always  be 
more  or  less  objection  to  this  course,  and  then  the  next  best  thing  is 
obviously  to  place  it  in  some  provincial  institution  and  let  the  scientific 
world  know  its  whereabouts.  No  doubt  this  has  already  been  done  to  a 
limited  extent.  Thus  Committees  of  the  British  Association  have  been 
appointed  to  deal  with  particular  groups  of  types,  such  as  fossils  ;  but 
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what  I  am  anxious  to  urge  is  the  importance  of  rr~-~<vr,fincr  th-^  work  in  a 
systematic  manner, and  extending  it  to  all  d«  |  :n •.:<•:.•  •  ••!'  \ , iMii.il  lii-tory. 

80  far  as  concerns  the  types  which  are  preserved  in  provincial 
museums  it  may  be  said,  probably,  that  the  work  should  be  done  either 
by  the  museum  itself  or  by  that  excellent  institution,  the  Museums 
Association,  an  Association  which  has  recently  increased  its  usefulness  by 
the  issue  of  a  monthly  journal,  which  I  may  commend  to  the  attention  of 
local  Societies.  It  is  true  that  some  of  the  larger  museums  have  already 
published,  or  are  now  engaged  in  publishing,  lists  of  their  type -specimens, 
or  at  least  certain  classes  of  types.  But  most  museums  fail  to  possess  the 
means  of  carrying  out  such  work  and  properly  publishing  the  results,  and 
therefore  could  hardly  resent  the  interference  of  a  local  Society.  More- 
over a  museum  could  not  be  expected  to  take  cognisance  of  specimens  in 
private  hands,  whereas  a  Committee  of  the  local  Scientific  Society  could 
make  it  its  business  io  seek  out  all  the  type  specimens  within  its  sphere 
of  influence,  whether  in  the  local  museum  or  in  private  collections,  and 
could  give  permanence  and  publicity  to  the  information  thus  acquired  by 
printing  the  schedules  of  types  in  its  proceedings. 

The  same  kind  of  research  might,  in  my  opinion,  be  extended  with 
advantage  to  local  antiquities,  at  least  to  those  of  prehistoric  age.  Each 
Society  might  fitly  publish  lists  of  the  antiquities  which  have  been 
discovered  within  its  own  district,  and  which  have  been  described  and 
figured.  Where  the  specimens  remain  in  private  hands,  it  is  often 
difficult,  and  sometimes  impossible,  to  trace  them,  but  no  one  is  likely  to 
be  more  successful  in  the  search  than  the  members  of  the  local  Society. 
The  advantage  of  knowing,  when  working  at  any  particular  subject, 
where  the  original  specimens  are  located  is  so  obvious  that  I  venture  to 
hope  that  the  Delegates  may  see  their  way  to  urge  the  Societies  which  they 
respectively  represent  to  move  in  the  direction  which  I  have  indicated. 

Tt  seems  to  me  doubtful  whether  it/  is  desirable  to  suggest  at  this 
Conference  many  new  lines  of  work  to  be  taken  up  by  our  local  Societies. 
In  most  cases  they  already  possess  programmes  which  are  pretty  heavily 
weighted,  some  Societies  perhaps  undertaking  even  more  than,  they  ct'.ri 
satisfactorily  accomplish  ;  and  I  believe  it  would  probably  be  better  in 
most  cases  to  systematise  and  improve  the  existing  work  than  to  attempt 
the  introduction  of  new  departments  of  study.  The  governing  body  in 
each  Society  might  well  be  charged  with  the  duty  of  seeing  that  the  work 
is  worthy  of  the  present  position  of  science.  The  steady  growth  of 
scientific  education  in  this  country  during  recent  years  ought  to  tell 
most  favourably  upon  the  character  of  our  local  Societies.  New  members 
come  prepared  with  a  groundwork  of  scientific  training  unknown  to  most 
of  the  older  members  at  the  time  they  entered,  and  as  a  consequence  the 
work  of  the  Society  should  be  lifted  to  a  higher  level  than  that  on  which 
we  w^re  formerly  eon  tent  to  let  it  rest.  It  is  satisfactory  to  note  that  in 
many  cases  this  has  been  thoroughly  realised,  and  indeed  a  review  of  the 
proceedings  of  the  various  local  Societies  at  the  present  day  shows  that  a 
high  standard  of  excellence  is  often  attained. 

With  regard  to  geology — the  department  of  natural  knowledge  in 
which  T  happen  to  be  specially  interested — it  is  a  matter  of  congratulation 
that  so  much  good  work  should  be  accomplished  by  the  several  Societies 
which  are  in  correspondence  with  the  British  Association.  Not  only  are 
the  local  sections,  the  fossils,  and  the  rocks  receiving  attention  from  those 
members  who  are  interested  respectively  in  stratigraphy,  in  palaeontology, 
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and  in  petrology,  but  attention  is  being  directed  to  t1  s !.;.  -?  •_:  : '  :  • 
features  of  the  district  worked  by  the  Society,  or  to  that  ••,•••••  A  ..-^ 
which  is  nowadays  known  as  geomorphology.  In  working  out  the  history 
of  the  local  topographic  forms  the  geologist  and  the  geographer  join 
hands,  and  a  grand  field  is  opened  up  for  just  that  kind  of  work  which 
many  members  may  take  up  with  great  advantage.  On  the  fascinating 
subject  of  river  development,  for  instance,  T  may  point  to  recent  papers 
by  Mr.  Buckman,  read  to  the  Cottswold  Field  Club,  and  by  Mr.  Paul  to 
the  Leicester  Literary  and  Philosophical  Society.  Eacli  local  Society 
might  well  work  out  the  history  of  the  rivers  in  its  own  province,  seeking 
to  explain  the  whims  of  each  stream,  why  it  flows  in  this  direction  rather 
than  in  that,  how  it  has  flowed  in  the  past,  and  how  it  may  possibly  How 
in  the  future.  Mr.  Cowper  Reed's  recent  Sedgwick  Es^ay  on  the  Rivers 
of  East  Yorkshire  may  be  taken  as  an  example  of  what  may  be  done  in 
this  respect.  In  the  modern  view  of  river-  development,  largely  due  to 
American  geologists,  the  stream  is  regarded  as  working  its  way  down- 
wards, cutting  its  channel  deeper  and  deeper,  until  it  eventually  reaches 
what  Major  Powell  has  called  its  *  base-level.'  Then  ceasing  to  work  in 
this  way,  it  meanders  sluggishly  over  its  plain,  until  an  uplift  is  effected 
by  some  earth-movement,  when  a  period  of  rejuvenescence  sets  in,  and  a 
new  cycle  of  erosive  activity  is  initiated.  In  a  somewhat  similar  manner 
it  may  happen  that  a  local  Society,  which  in  its  youth  was  vigorous  as  a 
mountain  stream,  gradually  finds  its  energy  on  the  wane,  and  may  at 
length  reach  a  base-level  of  existence,  when  it  flows  placidly  along,  like 
the  river  in  its  lower  reaches,  very  beautiful,  and  110  doubt  useful  in  its 
wav>  ye^  decidedly  sluggish.  But  these  annual  meetings  ought  to  act  as 
elevatory  agencies,  restoring  strength  and  revivifying  the  working  powers. 
Let  us  hope,  at  any  rate,  that  our  present  Conference  may  represent  one 
of  these  periodical  uplifts,  and  may  be  the  means  of  starting  some  local 
Society  upon  a  fresh  career  of  healthy  activity. 

I  ask  you  to  pardon  me  for  having  trespassed  upon  your  time  by  these 
prefatory  remarks,  and  we  shall  pass  now  to  the  solid  business  which 
Dr.  Garson  has  to  bring  before  us.  It  appears  that  a  circular  was 
addressed  on  August  14  to  the  various  Societies  explaining  thai  this 
meeting  was  to  be  held,  and  that  a  communication,  would  be  received 
from  Mr.  Read,  the  Keeper  of  British  Antiquities  in  the  British  Museum, 
respecting  an  Index  Map  of  Prehistoric  Remains,  but  I  fear  he  has  not 
been  able  to  attend  the  meeting.  Secondly,  them  is  a  communication  to 
be  received  from  the  Rev.  J\  ().  Bevan,  with  a  resolution  to  the  effect 
that  the  Committees  of  the  C^i'i  ••!•• -i.il!1.::  Societies  be  invited  to  lay 
before  their  members  the  neces«r>  •»!'  •  .11  \M.U'  on  a  systematic  survey  of 
their  counties  or  districts  111  respect  to  ethnography,  ethnology,  meteorology, 
ornithology,  ifec.  I  am  happy  to  say  that  Mr.  Bevan  is  with  us,  and  perhaps 
he  will  favour  us  with  his  communication. 

Dr.  Vaughan  Cornish  :  On  the  matter  of  order,  before  proceeding 
to  a  fresh  subject  for  the  consideration  of  this  Conference,  I  for  one 
should  like  to  know  what  has  been  done  with  reference  to  the  communi- 
cations brought  before  us  last  year,  in  which  we  were  asked  to  do  certain 
things  which  we  were  told  would  be  of  advantage  to  science.  I  should 
like  to  hear  some  report  of  the  result  of  our  efforts,  and  if  it  is  not  too  late 
I  should  rather  like  to  know  what  was  the  result  of  the  communications 
and  work  which  we  did  in  the  previous  year ;  and  I  think  some  of  us 
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will  be  interested  also,  although  it  is  a  matter  of  ancient  history,  to  know 
the  result  of  the  efforts  made  in  the  year  before  that.  These  years  cover 
the  extent  of  my  official  connection  with  the  Conferences,  and  on  each  of 
these  occasions  a  learned  gentleman  has  come  before  us  and  pointed  out 
our  shortcomings,  and  has  urged  us  to  fresh  activities  ;  but  we  have  gone 
away,  and  what  we  have  done  or  what  other  Delegates  have  done  1  for 
one  do  not  know,  because  in  the  succeeding  year  there!  has  been  such  a 
hurry  to  bring  on  the  next  proceedings  that  they  have  made  no  report  of 
the  last  year's  proceedings . 

The  Chairman  :  Personally  I  am  very  grateful  to  Dr.  Cornish  for 
bringing  forward  this  subject,  because  it  enables  me  to  point  out  that 
though  the  bread  which  we  cast  upon  the  waters  here  may  not  always 
return  to  us,  it  may  be  carried  elsewhere  and  feed  some  excellent  Societies 
or  othor  bodies  with  scientific  pabulum.  Last  year  a  special  communication 
was  made  by  Professor  JNJiall  on  the  subject  of  DONV -ponds,  and  I  took 
occasion  on  seeing  him  yesterday  to  inquire  whether  any  work  had  been 
done  following  bis  suggestions.  It  was  explained  to  me  that  he  did  not 
know  that  any  Society  had  yet  taken  up  the  suggestions,  but  that  he  had, 
with  some  friends,  been  carrying  on  his  investigations,  and  I  believe  that  a 
person  who  gave  him  very  great  assistance  in  that  direction  in  consequence 
of  the  subject  having  been  brought  before  the  last  Conference  was  the 
Rev.  Mr.  Cornish,  brother  of  Dr.  Cornish,  so  that  possibly  Dr.  Cornish 
himself  could  tell  us  what  vas  done  better  than  anyone  else  here. 
Something,  therefore,  has  been  accomplished,  but  the  results  have  not 
been  brought  before,  the  Association. 

Dr.  Cornish  :  We  sometimes  meet  here  and  express  doubts  as  to  our 
usefulness.  My  impression  is  thai  we  really  ha\c  done  a  good  deal  of 
work  in  the  last  three1  years,  but  siillirient  pains  have  not  been  taken  to 
indicate  the.  results  from  year  to  t>ear  ;  and  1  throw  it  out  as  a  suggestion 
that  at  future  Conferences  the  record  of  the  past  year  should  precede  the 
reception  of  the  paper  in  the  next  year. 

Air.  Eli  Sowerbufts  :  \Ve  sometimes  have  matters  brought  before  us 
of  no  possible  interest  to  us  in  the  North,  and  it  seems  to  be  getting 
the  habit  to  have,  long  papers  read  to  us,  whether  we  want  them  or  not. 
The  difficulty  lies  in  this,  that  there  are  no  means  of  having  communi- 
cation between,  any  of  the  Societies.  Wo  want  these  meetings  to  bo  of 
use  to  the  British  Association,  but  in  a  secondary  way  there  is  a  vast 
amount  of  use  which  the  Delegates'  meetings  may  be  to  the  various 
Societies  scattered  all  over  the  kingdom  ;  and  we  have  great  need  for  some 
meetings  by  which  we  could  como  more  in  contact.  We  are  working  in 
our  little  colonies  hero  and  there,  and  we  think  we  aro  doing  very  well. 
Some  man  may  be  doing  the  same  thing  elsewhere  under  great  dis- 
couragement, and  if  he  could  communicate  with  us,  through  the  Secretary, 
I  think  that  we  might  be  able  to  help  one  another. 

1  >r.  G arson  :  Tn  order  to  allow  us  to  got  on  with  the  business  to-day, 
T  may  at  once  explain  this  matter  by  reminding  the  Delegates  that  at  tho 
Second  Conference  they  are  put  in  communication  with  the  Secretaries 
of  the  various  Committees  appointed  by  the  British  Association  each  year, 
and  it  is  from  them  that  the  Delegates  or  tho  Secretaries  of  Societies  must 
receive  and  to  whom  they  should  give  information  as  to  what  their 
Societies  art*,  able  to  do  locally  to  further  any  investigation  that  a  Com- 
mittee of  the  Association  is  engaged  on.  What  is  actually  done  by  the 
various  Corresponding  Societies,  and  the  assistance  which  they  have  been 
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able  to  give,  should  be  stated  in  the  reports  of  the  various  Committees 
which  appear  in  the  Annual  Report  of  the  Association. 

After  a  long  discussion  Captain  Dubois  Phillips  (Liverpool)  gave 
notice  of  a  motion,  to  be  brought  forward  at  the  next  meeting,  requesting 
that  the  Conference  should  receive  each  year  a  report  on  the  outcome  of 
the  work  of  the  previous  year. 

The  Chairman  then  called  on  the  Rev.  J.  O.  Bevan  to  open  the  subject 
accepted  of  him  by  the  Corresponding  {Societies  Committee  for  discussion 
at  this  Conference  :  '  That  the  Committees  of  the  Corresponding  Societies 
b<j  invited  to  lay  before  their  Members  the  necessity  of  carrying  on  a 
systematic  hurvey  of  their  counties  in  respect  to  ethnology,  ethnography, 
botany,  meteorology,  ornithology,  archaeology,  folklore,  £c.' 

Mr.  Bevan  said  : — 

Looking  at  the  number  of  Societies  involved — at  the  facts  that  they  are 
at  work  all  the  year  round,  collecting  and  assorting  material — that  a 
spirit  of  inquiry  has  been  evoked  as  to  the  means  by  which  a  larger 
number  of  Societies  could  be  knit  to  the  General  Association  and  a  more 
complete  co-ordination  secured — it  seems  permissible  to  think  that  (with 
proper  care  and  foresight)  the  Conference  of  Delegates  bids  fair  to  become 
as  important  an  element  of  the  British  Association  as  any  of  the  Sections  ; 
nay,  more,  that  it  may  be  developed  so  as  to  fulfil  an  independent  function 
and  to  constitute  the  Association  a  General  Clearing  House  of  Science. 

For  some  time  past  the  Delegates  have  been  inquiring  at  the  annual 
meetings  :  *  What  can  we  do — what  can  our  Society  do —to  further  the 
ends  of  science  through  the  Association  1 ' 

Undeniably,  the  complete  solution  of  this  question  will  demand  more 
thought  and  energy  on  the  part  of  the  Delegates,  and  on  that  of  the 
Corresponding  Societies  Committee  ;  bur/  it  need  hardly  be  contended 
that  if  a  thing  be  worth  doing  it  is  worth  doing  well,  or  that  if  a  Con- 
ference of  Delegates  be  run  at  all  it  should  be  urn  on  business  linos 

In  all  countries  there  is,  and  has  long  been  goinjj  on,  the  preparation 
of  more  or  less  complete  researches,  and  even  the  production  of  mono- 
graphs dealing  with  all  forms  of  nature  arid  life — of  archaeology  and 
history — of  population  and  resources— of  health  and  disease  and  the 
like  ;  but  this  has  been  usually  without  preliminary  consultation  and 
agreement  between  the  several  bodies  engaged  as  to  details  of  plan  or 
scale.  Consequently,  the  work  is  carried  OH  without  any  unity  as  to 
the  result,  eventuating  in  greatly  diminished  usc3fulness  and  even 
intelligibility.  Hence,  the  existence  of  general  surveys — ordnance,  geo- 
logical, meteorological,  botanical,  anthropological,  and  arcluuological—  - 
in  all  stages  of  conjecture  and  incompleteness  ;  but  the  interrela- 
tions of  things,  #.//.,  of  geology  with  „'••  «..rr-i|  ):;•  of  flora  and  fauna 
with  soil  and  climate — of  territory  with  race  and  occupation,  with 
national  character  and  religious  belief — have  been  suffered  to  remain 
unrecognised.  Thus  national,  and  especially  international,  comparison  is 
rendered  extremely  difficult  ;  in  fact,  no  adequate  comparison  can  be  said 
to  exist.  One  of  the  conclusions  at  which  we  arrive  is  that  even  the 
better  monographic  work  of  the  past  needs  collation,  rearrangement,  and 
revision.  The  solution  of  the  problem,  however,  is  fairly  in  sight,  viz., 
that  of  uniting  all  surveys  into  a  regional  survey,  in  which,  as  far  as 
possible,  all  the  classes  of  phenomena  occurring  in  a  specific  region  can 
be  observed,  recorded,  and  correUted  with  each  other,  so  as  to  hinge 
together  all  the  sequences  of  cause  and  effect. 
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In  part,  from  its  general  character,  the  work  must  be  carried  out 
under  Government  sanction  and  authority,  as  in  the  case  of  the  Geological, 
Ordnance,  and  Census  Surveys.  Again,  the  Society  of  Antiquaries  has 
elaborated  a  scheme  for  the  archaeological  survey  of  England  and  Wales. 
The  work,  however,  progresses  slowly,  and  does  not  touch  Scotland  or 
Ireland.  Mere  at  once  is  opened  out  a  wide  iicld  of  useful  effort  on  the 
part  of  local  Societies  well  within  the  compass  of  individual  members— 
work  as  interesting  as  useful,  lending  itself,  as  it  does,  to  literary,  photo- 
graphic, and  artistic  illustration.  Tu  this  connection,  moreover,  the 
labours  of  the  National  Photographic  Survey,  under  Sir  J.  B.  Stone,  may 
bo  indicated.  But  it  is  dear  that  investigation  under  more  sjste.iuatic 
lines  is  to  be  desiderated  in  respect  of  regional  surveys  throughout  Great 
] Britain  and  Ireland.  This  need  was  touched  upon  at  the  International 
Assembly  in  Paris  in  1900,  and  circumstances  at  the  Glasgow  meeting  of 
the  British  Association  seem  favourable  for  pressing  the  matter  home.  It 
is  specifically  alluded  to  in  this  paper,  inasmuch  as  the  subject  is  one  in 
which  the  Corresponding  Societies,  without  exception,  would  have  an 
interest,  and  in  which  would  be  employed  the  energies  of  many  members, 
each  in  his  own  sphere  and  in  the  exercise  of  his  own  special  gilt. 

It  is  plain  that  unless  the  work  is  conducted  and  systematised  through 
some  central  organisation,  and  tabulated  on  forms  supplied  or  accepted 
by  that  organisation,  a  great  part  would  be  rendered  useless  or  difficult 
of  comparison. 

The  interchange  of  photographs  and  specimens  would  be  a  branch  of 
the  undertaking  of  great  interest,  and,  besides,  would  contribute  to  an 
important  object,  viz.,  intercommunication  between  Societies  of  kindred  aim. 

It  is  hereby  suggested  that  the  Conference  of  Delegates  should  select 
one  or  more  subjects  of  pressing  interest,  and  undertake  to  bring  before 
the  respective  Societies  the  advisability  of  undertaking  systematic  work 
(each  in  its  o\\n  district)  in  these  directions.  These  affiliated  Societies, 
through  their  Delegates,  would  be  expected  to  make  a  return  of  the  results 
— partial  or  complete  at  the  ensuing  meeting  of  the  British  Association. 

In  the  choice  of  subjects  three  considerations  (at  least)  present  them- 
selves :  • 

(<i)  They  should  bo  of  a  general  kind,  capable  of  being  worked  up  by 
the  local  Societies  in  their  respective  districts. 

(/>)  A  preliminary  arrangement  should  be.  arrived  at  \\hereby  may  bo 
determined  the  lines  and  limits  of  investigation,  the  mode  of  tabulation  of 
results,  the  scale  of  chart  or  map,  the  scheme  of  symbolical  representation, 
coloration,  nomenclature,  conventional  arrangement  of  detail,  the  method, 
form,  si/e  of  publication,  and  the  like. 

(<*)  A  special  society  or  expert  should  be  indicated  as  ready  to  advise 
iu  regard  to  each  of  the  particular  subjects. 

The  ends  to  be  gained  are  these  :  The  taking  stock  of  .ill  facts  by  a 
connected  series  of  methodical  surveys  ;  their  registration  before  the 
corroding  effect  of  time,  the  amalgamation  of  race,  or  any  other  cause, 
puts  it  beyond  the  reach  of  effort ;  the  full  completion  of  surveys  already 
begun  ;  the  setting  forth  of  results  in  a  manner  directly  susceptible  of 
useful  comparison.  A  collateral  advantage  would  be  the  discovery  of  a 
considerable  amount  of  work  already  elaborated,  and  (with  necessary 
revision  and  reduction  to  the  common  scale)  its  inclusion  in  the  General 
Survey. 
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A  h-'^inninir  or  an  extension  of  past  work  might  be  made  in  reepect 
of— 

Meteorological  and  seismological  phenomena. 

Life  zones. 

Registration  of  type  specimens. 

Photographs  of  sections  ;  records  of  v/ell-boiin^,  «tc. 

Phenomena  of  glaciation  ;  erratic  blocks. 

Origin  of  lakes  ;  changes  of  area  and  depth. 

Coast  and  river  erosion. 

Pond,  cavern,  underground  life. 

Ethnographical,  ethnological,  archtvological  surveys. 

Botanical  survey  to  include  fungi  and  algie. 

Phonological  observations. 

It  will  be  understood  that  this  list  is  provisional,  but  it  is  selected  by 
reason  of  the  fact  that  the  Held  has  been  already  entered  upon,  and  that 
little  further  organisation  is  needed. 

The  Conference  will  make  it  clear  that  there  is  no  intention  to  dictate 
to  the  various  Societies  involved.  The  suggestions  are  tentatively  put 
forth  in  the  interests  of  scientific  research,  and  in  response  to  the  demand 
frequently  made  by  Delegates.  Each  Society  will  consider  the  matter, 
and,  in  its  wisdom,  deal  with  the  subject  which  seems  the  more  nearly  to 
come  within  its  purview. 

Certain  objections  may  be  forestalled  : — 

(a)  ( Many  Societies  are  composed  of  men  possessing  neither  the  inclina- 
tion nor  ability  to  take  a  share  in  a  work  of  this  kind,  a  few  individuals 
constituting  th^  leading  spirits.'  From  such  associations  much  will  not 
be  expected.  Even  in  this  case,  however,  the  course  suggested  may  act 
by  way  of  stimulation,  arid  these  Societies  are  the  ones  which  need  to  be 
waked  upf 

(6)  'The  work  is  already  done  by  our  Society  for  its  own  neighbour- 
hood.7 Yes,  but  is  it  on  the  proper  lines,  and  can  it  be  brought  forward 
for  publication  on  the  accepted  system  ? 

(c)  4  A  danger  exists  lest  persons  tilled  with  enthusiasm,  but  otherwise 
imperfectly  qualitied  for  the  task,  should  be  incited  to  essay  the  task. 
This  might  lead  to  the  production  of  results  false  and  misleading.'  But 
it  is  proposed  that  persons  anxious  to  conduct  any  inquiry,  or  to  co-operate 
therein,  should  be  referred  by  the  Committee  of  the  Corresponding  Society 
to  a  Society  or  individual  expert  in  the  work  who  would  be  in  a  position 
both  to  furnish  direction  and  to  check  results. 

I  venture  to  move  the  resolution  which  stands  in  my  name --  *  That 
the  Committees  of  the  Corn"- poLdii.tr  Societies  be  invited  to  lay  before 
their  members  the  necessity  ot'  carrying  on  a  systematic  survey  of  their 
counties  or  districts  in  respect  of  ethnography,  ethnology,  meteorology, 
ornithology,  &c.' 

Mr.  Gray  :  T  have  very  great  pleasure  in  seconding  the  resolution.  I 
think  the  communication  which  Mr.  Bevan  has  read  is  one  of  the  most 
valuable  that  we  have  had  as  crystallising  our  efforts  and  pointing  out 
what  we  should  really  do.  Anything  in  connection  with  the  British 
Association  must  be  done  in  an  orcr-'triffvl  *vny.  I  have  been  a  Delegate 
to  this  Conference  from  the  I •••!'.  •  N  •  •;;!  .''-,• ..'  Field  Club  for  many 
years,  and  T  do  think  that  the  Conference  itself  has  acted  like  the  river 
that  the  Chairman  described.  The  Society  I  represent  is  an  active 
Society.  Of  course  we  are  composed  of  Irishmen,  and  necessarily  active, 
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and  we  have  done  and  desire  to  do  good  work.  With  the  exception  of 
Yorkshire,  which  has  a  number  of  organised  Societies  joined  together,  no 
one  Society  has  done  more  than  my  own  Society.  No  one  has  done  more 
for  archeology,  and  we  have  more  material  than  any  similar  Society  in 
Great  Britain.  I  myself  started  many  years  ago  with  a  systematic 
grouping  of  the  ancient  monuments  of  Antrim  and  Down,  but  our  local 
work  is  not  made  generally  useful  for  national  purposes  owing  to  thn 
want  of  a  proper  systematic  scheme,  which  should  bo  formulated  by  a 
central  authority  like  the  British  Association.  It  is  perfectly  useless  for 
any  local  Society  to  start  a  system  of  its  own,  because  that  will  be  applied 
only  locally,  and  we  must  adopt  some  systematised  method.  I  therefore 
say  that  there  should  be  an  instruction  to  such  a  Society  as  ours  as  to 
the  lines  on  which  we  should  act.  I  understand  that  to  be  the  object  of 
this  Conference,  and  I  hope  the  suggestions  will  be  taken  so  that  wo  may 
act  upon  the  lines  laid  down,  and  do  vc  ry  much  more  useful  work,  as 
might  be  done  by  the  representatives  at  the  Conference. 

The  Chairman  :  The  resolution  has  been  very  ably  moved  and 
seconded,  and  it  is  HOW  open  for  discussion. 

Mr.  F.  I).  Longe  :  T  should  like  to  knovr  whether  the  British  Asso- 
ciation really  means  to  tako  the;  initiative  in  suggesting  to  Societies  what 
local  work  they  should  do.  If  the  British  Association  will  take  the  lead 
in  that  way  I  think  that  practical  results  will  follow,  but  if  it  is  left  to  the 
different  Societies  to  take  up  what  they  like  I  think  there  will  be  endless 
discussion. 

Dr.  (i arson  :  K\ery  year  the  Secretary  of  the  Corresponding  Societies 
Committee  sends  a  letter  to  the  Recorder  of  each  Section,  intimating 
during  the  first  week  of  the  fleeting  that  the  second  Conference  of  the 
Delegates  will  be  held  on  the  following  Tuesday,  and  requesting  him  to 
bring  this  fact  before  the  Section  of  which  he  is  Recorder,  so  that  a  repre- 
sentative from  the  various  Committees  appointed  to  do  special  work  in 
connection  with  that  Section  may  come  here  and  explain  to  the  Delegates 
what  work  they  propose  to  do,  and  how  the  Corresponding  Societies  can 
assist  these  Committees. 

Prof.  J.  11.  Merhale  :  Mr.  Bevaii  made  a  practical  suggestion,  which 
might  be  carried  out,  that  \\e  should  have  asocial  meeting  at  least  I 
think  he  meant  a  social  meeting — each  year.  We  had  a  meeting  at 
Ipswich  which  was  a  great,  success.  I  think  it  would  be  a  very  excellent 
thing  that  we  should  have  an  opportunity  of  seeing  one  another  and 
discussing  matters  in  which  we  are  mutually  interested. 

Mr.  (Jray  :  1  am  afraid  that  that  suggestion  does  not  come  within  the 
scope  of  the  Association.  I  think  that  in  Ireland,  in  accordance  with  our 
usual  hospitality,  we  may  take  some  steps  to  have  you  all  together  next  year. 

The  Chairman  :  I  should  like  to  hear  some  remarks  bearing  directly 
on  the  subject  which  Mr.  Bevan  has  so  ably  brought  forward — remarks 
that  would  lead  to  something  definite. 

Captain  Phillips  :  Although  a  systematic  survey  comes  within  the 
work  of  some  of  our  Corresponding  Societies  I  do  not  think  it  would  come 
within  that  of  all  of  them.  For  instance,  my  Society  is  a  geographical 
Society,  and  the  members  of  it  are  business  men,  who  have  their  time 
fully  taken  up  ;  in  taking  a  survey  such  as  is  here  contemplated  in 
archaeology  you  would  find  that  my  Society  would  be  woefully  in  the  dark. 
I  shall,  however,  lay  it  before  my  Committee,  but  T  do  not  think  that  T 
shall  receive  much  encouragement,  or  that  this  meeting  will  receive  much 
encouragement  from  my  Society  011  this  subject. 
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Mr.  Alfred  Browett :  With  the  earlier  portion  of  Mr.  Sevan's  remarks 
I  must  say  that  I  feel  most  heartily  with  him,  and  it  would  be  a  great 
ad  vantage  if  these  remarks  could  be  put  on  a  leaflet  and  sent  to  the  various 
Societies  which  we  arc  here  to  represent.  Speaking  for  my  own  Society, 
I  think  that  we  are  largely  in  a  state  of  ignorance  as  to  what  is  expected 
of  Delegates  to  this  Association.  I  cannot  help  thinking  that  if  a  small 
leaflet  were  drawn  up  by  the  Committee  of  the  Delegates  we  should 
have  something  to  guide  us,  and  efforts  would  be  made  to  give  effect  to 
the  suggestions  that  might  be  brought  before  us. 

Mr.  Gray  :  Might  I  call  attention  to  the  fact  that  the  Annual  Reports 
of  the  Association  explain  exactly  what  the  relation  of  the  various  Societies 
is  to  the  British  Association,  and  that  all  the  work  that  is  done  at  these 
Conferences  is  brought,  in  the  report,  before  the  local  Secretary  of  your 
Society,  and  it  ought  to  be  his  duty  to  bring  before  the  Council  what  is 
expected  of  you  ? 

Dr.  Vaughan  Cornish  :  Do  I  understand  that  it  is  not  the  duty  of  the 
Delegate  to  bring  these  matters  before  the  Society,  but  the  duty  of  the 
Secretary  of  the  Society  ?  With  whom  does  the  function  lie  to  bring  it 
before  the  Society  ? 

Dr.  Garson  :  There  is  a  copy  of  the  Report  of  the  Conferences  of  Dele- 
gates sent  to  the  Delegate  and  also  to  the  Secretary  of  each  Society. 
Dr.  Vaughan  Cornish  :  But  whose  duty  is  it  ? 

Mr.  Gray  :  It  is  the  Secretary's  duty  to  bring  it  before  them  when  no 
Delegate  from  the  Society  has  been  appointed,  and  it  is  the  duty  of  the 
Delegate  to  do  so  when  there  is  one. 

Mr.  Sowerbutts  :  To  make  it  secure  that  the  Report  of  the  Conferences 
is  brought  before  the  Societies  it  was  resolved  that  the  Committee  be 
asked  to  send  a  report  to  the  Secretary  as  well  as  to  the  Delegate. 

Professor  Merivale  :  I  wish  to  suggest  that  the  Societies  might  do  what 
the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers  have 
done  with  reference  to  geology.  We  have  published  sections  of  Northum- 
berland and  Durham.  That  is  rather  a  large  order,  and  the  majority  of 
the  Societies,  even  if  they  should  wish  to  do  it,  may  not  be  in  a  position 
to  do  it.  I  throw  it  out  as  a  suggestion  to  include  geology  more 
particularly  to  draw  your  attention  to  the  immense  amount  of  useful 
work  that  would  be  done  by  the  publication  of  geological  sections.  We 
have  six  good-sized  volumes,  and  they  are  invaluable  to  the  mining 
engineer,  at  any  rate,  and  to  others  in  the  district. 

Professor  Kendall :  T  think  the  suggestion  is  an  admirable  one,  and  I 
can  see  a  way  that  the  difficulty  which  Professor  Merivale  contemplates 
may  be  met.  A  Society  which  is  poor  can  at  least  send  reports  to  others 
which  can  be  made  available  to  all  comers.  It  is  appalling  to  think  of 
the  amount  of  geological  information  of  priceless  value  which  is  utterly 
wasted  year  by  year.  Many  well- sinkers  take  no  trouble  to  record  their 
work,  and  we  only  get  very  vague  results.  I  think  that  if  the  local 
Societies  would  take  up  the  matter  and  make  persevering  attempts  to  get 
into  the  confidence  of  the  well-sinkers  it  might  easily  be  done 

Mr.  Henry  Coates  :  Before  the  motion  is  put  to  the  meeting  1  should 
like  to  make  a  suggestion  ;  and  it  is  this,  that  instead  of  coining  to  a 
formal  resolution  upon  an  important  matter  like  this,  it  would  perhaps 
clear  the  way  if  Mr.  Sevan's  paper  were  printed  in  extenso  and  copies 
sent  to  each  of  the  Societies,  and  the  Societies  instructed  to  consider  that 
paper  fully  during  the  coming  session,  and  Delegates  be  instructed  to 
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report  upon  the  position  taken  up  at  our  next  Conference,  because  there 
is  a  great  deal  of  detail  in  his  paper  that  we  have  not  heard  to-day  ;  and 
I  think  it  would  form  very  good  subject-matter  for  the  Societies  to  con- 
sider in  detail,  and  then  we  would  be  in  a  better  position  to  come  to  a 
resolution  at  our  next  Conference.  It  seems  rather  like  taking  an  unfor- 
tunate time  of  the  day  when  we  have  to  come  to  a  resolution  without 
having  considered  the  paper  fully. 

Professor  Watts  :  I  would  suggest  an  amendment  in  order  that  the 
subject  may  be  brought  to  an  issue.  I  ought  to  say  that  I  think  any- 
thing in  the  way  of  systematising  our  work  would  be  very  important 
indeed  ;  but  I  do  not  think  we  can  expect  any  good  from  generalities. 
The  Society  that  I  represent  —  the  Caradoc  and  Severn  Valley  Field  Club  — 
has  a  little  volume  called  '  A  Record  of  Bare  Facts/  It  is  a  very 
unambitious  little  work,  but  it  nails  down  certain  well  known  facts  about 
the  district.  I  should  like  to  see  a  small  Committee  appointed  to  take  up 
Mr.  I  Sevan's  paper  and  bring  soi  nut  lung  before  us  at  our  next  meeting  in 
a  definite  form.  I  therefore  propose  that  a  small  Committee,  including 
Mr.  Bevan,  should  be  appointed  to  consider  this  subject  and  bring  a 
definite  statement  which  could  be  sent  to  the  local  Societies  that  we 
represent,  with  a  suggestion  to  systematise  work,  because  it  is  that  kind 
of  work  that  we  practically  want. 

Professor  Merivale  :  I  beg  to  second  Professor  Watts'  amendment. 

On  the  amendment  being  put  to  the  meeting,  after  much  discussion, 
fifteen  voted  for  the  amendment  and  two  against  it. 

The  Chairman  :  Then  the  amendment  is  carried,  and  as  a  matter  of 
form  I  propose  to  put  it  now  as  a  substantive  motion  that  this  Committee 
be  appointed.  There  is  no  one  against  it. 

A  Committee  was  then  appointed,  consisting  of  the  Rev.  J.  O.  Bevan, 
Mr.  William  Ciray,  Professor  Watts,  Professor  Merivale,  and  Dr.  Vaughan 
Cornish  ;  Professor  Watts  to  be  convener. 

Mr.  Sowerbutts  :  Ls  there  anything  to  report  on  the  Conference  as  to 
the  question  of  copyright  ?  We  went  to  a  good  deal  of  trouble  and  ex- 
pense in  gathering  information  to  help  us  to  see  what  the  results  of  pub- 
lishing the  Societies'  transactions  whe:i  the  proposals  before  the  Com- 
mittee of  the  House  of  Lords  were  carried  out.  I  suppose  it  did  go  before 
the  Committee  of  the  Association  at  least,  and  we  are  anxious  to  know 
how  it  stands.  Wo  are  given  to  understand  that  the  Committee  of  the 
House  of  Lords  is  to  be  reappointed,  and  we  should  not  be  found  asleep. 
It  is  of  important1*1,  that  the  publication  of  a  man's  paper  by  us  should  not 
loso  him  the  copyright.  J  sent  a  ropy  of  the  reports  and  of  the  corre- 
spondence to  every  Society,  so  that  if  the  Delegates  have  not  got  it  it  is 
their  own  fault. 

The  Chairman  :  The  Council  of  the  Association  has  empowered  the 
officers  to  co-operate  with  other  scientific  Societies  for  mutual  protection 
if  this  Bill  should  be  brought  forward  again,  but  at  present  it  has  lapsed. 

The  meeting  was  then  adjourned. 


uH/rrrnce,  fai>tt'mbw  17. 
The  Second  Conference  of  Delegates  of  the  Corresponding  Societies  of 
the  British  Association  for  the  Advancement  of  Science  was  held  on  Tues- 
day, September  17,  1901,  Mr.  F.  W.  Rudler,  F.G.S.,  Chairman  of  the 
Conference,  presiding. 
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The  Corresponding  Societies  Committee  were  represented  by  Mr.  W. 
Whitaker,  Mr.  P.  W.  Rudler,  Dr.  J.  U.  Garson,  the  Kev.  J.  O.  Bevan, 
and  Professor  W.  W.  Watts.  The  representatives  of  the  Corresponding 
{Societies  present  will  be  found  in  the  list  of  Delegates. 

The  Chairman  :  It  will  be  remembered  that  at  our  last  meeting  Cap- 
tain Dubois  Phillips  gave  notice  of  a  motion  which  he  would  bring  forward 
to-day,  and  I  now  call  upon  him  to  move  it. 

Captain  Phillips  :  The  resolution  1  have,  to  propose  is  in  the  following 
terms  : — '  That  the  Corresponding  Societies  Committee  he  requested  in 
future  to  bring  before  the  Conference  of  J  >elegates  SOUK*  account  of  the 
outcome  of  the  Conference  of  the  preceding  year.'  *  Uood  wine  needs  no 
bush,'  and  J  desist  from  making  any  remarks  upon  (ho  resolution. 

Dr.  Vaughan  Cornish  :  1  rise  to  second  the  resolution  moved  by  Cap- 
tain Phillips,  which  was  to  some  extent  discussed  at  the  last  meeting. 
Any  outcome  of  this  resolution  must  entirely  lie  within  the  discretion  of 
the  Corresponding  Societies  Committee,  and  therefore  T  follow  the  ex- 
cample  of  Captain  Phillips,  and  simply  second  that  resolution  without 
discussing  its  merits. 

The  Chairman  :  This  motion  has  been  moved  by  Captain  Phillips  and 
seconded  by  Dr.  Cornish  and  the  matter  is  open  for  discussion,  but  we 
discussed  it  so  fully  at  the  last  meeting  that  I  doubt  \vhetherit  is  reason- 
able to  say  much  more  on  it  now.  We  are  all  agreed  upon  it. 

Mr.  Whitaker  :  T  am  not  going  to  discuss  this  resolution,  as  F  have 
no  doubt  the  Corresponding  Societies  Conumdee  will  fall  in  with  it. 

The  resolution  was  then  put  and  carried. 

The  Chairman  :  At  our  last  meeting  a  small  Committee  of  Delegates 
was  appointed  for  the  purpose  of  considering  the  suggestions  brought 
forward  by  the  llev.  IVlr.  Bevan  ;  and  Professor  \\  sitts,  as  comener  of  (hat 
Committee,  will  kindly  bring  up  the  report. 

Professor  Watts  :  Commendable  brevity  has  been  the  keynote  of  this 
meeting  so  far,  and  I  shall  try  to  follow  on  the  same  lines.  The  Com- 
mittee met  and,  endeavouring  to  act  in  accordance  with  the  sense*  of  the 
meeting  so  far  as  they  could  gather  it,  liavts  drawn  up  the  following 
recommendation  which  T  shall  read  presently.  In  so  doing  they  have 
endeavoured  to  avoid  in  any  way  dictating  to  the  local  So<  ieties  which 
have  been  doing  good  work  along  certain  systematic  lines,  and  we  only 
wish  to  suggest  that  other  Societies  might  take  some  part  in  this  work. 
Some  Societies  may  take  up  one  branch  and  some  another.  The  mere 
fact  that  these  Societies  are  represented  here  is  sufficient  evidence  that 
they  are  doing  good  work  on  their  own  account,  so  that  no  question  arises 
on  that  score.  There  are  certain  subjects  on  which  systematic  work  has 
been  done,  but  that  work  is  of  comparatively  little  value  because  of  its 
not  being  carried  on  all  over  the,  country.  Now,  although  local  Societies 
are  doing  a  good  deal  of  work,  then*  are  frequently  inembcis  who  are 
ready  to  take  up  new  lines  of  work  if  these,  lines  of  work  are  suggested 
to  them.  The  Committee  have  appended  such  a  list,  but  they  regard  that 
list  as  merely  provisional  for  this  year,  and  they  have  avoided  in  most 
cases  including  subjects  which  will  be  brought  before  this  Conference,  by 
the  Delegates  from  the,  different  sections.  They  would  like  to  ask  that, 
this  list  should  stand  or  fall  as  it  is  for  this  year,  till  it  is  seen  how  it 
works.  If  the  matter  is  good,  then  the  list  can  be  added  to  or  subtracted 
from,  and  in  any  case  the  work  can  be  capitalised  in  that  way.  This  is 
what  the  Committee  recommend  : — 
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Tho  following  provisional  list  of  subjects,  together  with  the  names  of 
some  of  the  Societies  which  have  already  done  work  in  connection  there- 
with, and  the  names  of  persons  who  would  be  willing  to  receive  com- 
munications thereon  is  recommended  by  the  Conference  of  Delegates  for 
adoptioi  by  the  Corresponding  Societies  Committee  of  the  British  Associa- 
tion, and  to  be  issued  by  them  to  the  Corresponding  Societies  in  the  hope 
that  those  Societies  not  already  engaged  in  similar  work  may  take  part  in 
so  much  of  it  as  comes  within  their  scope,  in  order  that  the  work  may  be 
extended  over  a  wide  area,  ami  be  dorm  as  far  as  possible  upon  zi  uniform 
system  :  - 

1  Registration  of  Type  Specimens,1  Dr.  A.  Smith  Woodward. 
'Coast  Krusiun,'  Mr.  \V.  Whitaker. 

*  Record   of   JJore    Holes,    Wells,  and    Sections,'   "North   of    llngland 
Institute  of  Mining  and  Mechanical  Engineers,  and  Prof.  .1.  11.  Merivale. 

'Tracing  the  CourM*  of  Underground  Water,'  Yorkshire  Geological 
and  Polytechnic  Society,  and  Mr.  A.  11.  1) woiTyhou.se. 

'Erratic  JMncks,'  York -hire  Naturalists'  Union,  and  Professor  P.  F. 
Kendall. 

'  Geological  Photograpns.'  Belfast  Naturalists'  Field  Club,  and  Pro- 
fessor W.  W.  Watts. 

1  Underground  Fauna,''  Hev.  T.  11.  R.  Stabbing. 

1  Variations  in  the  Course  of  Rivers  and  Shape  of  Lakes,'  Dr.  IT.  "R.  Mill. 

*  A rcha-ological    Survey   by   Counties/   Woolhope    Field    Club,   and 
Rev.  J.  O.  1 5m  an. 

'  Ethnographical  Survey,'  Anthropological  Institute. 
'.Botanical  Survey  by  Counties,'  Mr.  W.  G.  Smith. 

*  Photographic  Record  of  Plants/  Mr.  A.  K.  Coomara-Swainy. 

1  boir,  then,  to  mo\e  that  thai  report,  of  the  Committee  be  adopted. 

Mr.  Gray:  I  ha\e  pleasure  in  seconding  tin*  motion.  As  one  who 
went  over  the  list,  any  objections  that  I  had  ha\e  been  otVcctivoly  mot  by 
the  report  of  the  <  'oiinnit  tee. 

The  Chairman  :  This  resolution  has  boon  moved  by  Professor  Watts 
and  seconded  by  Mr.  Gray,  and  the  subject  is  now  open  for  discussion  ; 
but  1  would  venture  to  remark  that  as  we  have  a  groat  deal  of  work 
likely  to  como  before  us  this  afternoon,  those  Delegates  who  t'avour  us 
with  their  views  should  do  so  as  concisely  as  is  consistent  with  clearness. 
That  suggestion  I  am  bold  enough  to  make,  not  for  tho  purpose  of  fetter- 
ing discussion,  but.  to  avoid  any  undue  prolongation  of  our  sitting. 

Captain  Phillips  :  Since  last- mooting  I  have  taken  some  pains  on  the 
subject  of  the  suggestion  brought  before  the  mooting  by  tho  ttev. 
Mr!  iievan.  1  have  written  to  Liverpool,  and  ]  tind  that  most  of  the. 
work  that  is  spoken  of,  archa:ological,  geological,  and  biological,  has  boon 
taken  ii])  for  years  by  tho  Societies  there,  and  the  work  has  boon  done* 
and  is  all  tabulated  and  charted.  1  think  Miinothing  might  be  done  by 
this  Conference  getting  into  communication  with  tho  diH'orent  Societies, 
and  getting  their  work  done  so  as  to  make  a  harmonious  \\hole  for  the 
country,  instead  of  having  it  only  in  detached  groups. 

On  being  put  to  the  meeting  the  motion  was  unanimously  agreed  to. 

The  Chairman  :  1  understand  from  Dr.  G arson  that  we  are  favoured 
to-day  with  the  presence  of  certain  members  from  tho,  various  sections, 
and  it  is  my  duty  to  call  upon  those  represent atixes  to  tell  us  whether 
they  have  anything  to  report  or  not. 
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SECTION  A,  MATHEMATICAL  AND  PHYSICAL  SCIENCE. 

The  Chairman  :  The  work  of  Section  A  includes  Meteorology,  which 
is  a  subject  very  largely  taken  up  by  the  Corresponding  Societies,  and 
often  discussed  in  these  Conferences.  As  there  does  not  seem  to  be  any 
representative  present,  we  pass  to 

SECTION  B,  CHEMISTRY. 

Professor  Herbert  M'Leod  :  I  should  like  to  say  on  behalf  of  Section  II 
that  we  have  nominated  a  Committee  to  register  the  scientific  chemists 
who  are  at  work  at  different  manufactories.  Lately  a  great  contrast  has 
been  drawn  between  the  way  that  this  country  and  Germany  and  other 
countries  are  using  trained  chemists  in  all  their  works,  and  we  are 
seriously  afraid  that  the  numbers  in  this  country  are  very  small.  The 
Committee  was  nominated  by  Section  B  to  investigate  this  matter  at  the 
suggestion  of  Dr.  Armstrong.  It  strikes  me  that  it  is  not  impossible  that 
many  of  the  members  of  this  Conference  might  be  able  to  assist  in  finding 
out  the  names  of  these  people.  It  is  not  easy  for  persons  living  in 
London  to  send  round  to  the  different  works  and  make  inquiries  when 
they  may  not  know  even  of  the  existence  of  these  works,  and  these 
gentlemen  may  not  be  able  to  assist. 

]  should  like  to  refer  to  another  subject  which  rather  interests 
me  at  the  present  moment — I  mean  the  tremendous  number  of  scientific 
serials  that  exist.  I  do  not  say  that  they  are  not  of  the  greatest  possible 
value,  but  when  I  tell  you  that  there  are  about  4,000  serials  that 
have  to  be  indexed  for  the  International  Catalogue,  you  may  know  the 
amount  of  time  that  is  consumed  in  indexing  them.  I  have  in  my  hands 
the  continuation  of  the  Catalogue  of  scientific  papers  of  the  Royal  Society 
from  1884  to  1900,  and  I  cannot  tell  you  the  number  of  periodicals  of 
which  we  have  a  list,  but  it  must  not  be  far  short  of  1,000.  It  is  possible 
that  these  may  contain  papers  of  great  value,  and  some  must  be  of  com- 
paratively small  value.  We  do  not  wish  to  catalogue  any  reprints  or  ab- 
stracts. I  think  that  many  members  of  this  Conference  might  be  of  great 
assistance  to  us  in  telling  us  what  would  be  advisable  to  index  in  their 
own  periodicals,  and  if  any  of  you  will  be  good  enough  to  write  to  me  on 
the  subject  I  shall  be  delighted.  We  begin  at  18<S4,  and  we  go  up  to  1900. 
The  Chairman  :  I  understand  that  the  representatives  of  the  Sections 
are  supposed  to  explain  to  the  Delegates  what  work  the  Corresponding 
Societies  can  do  to  assist  the  various  Committees  that  aro  appointed  by 
the  Sections.  Then  we  come  to 

SECTION  C,  (»KOLO<;Y. 

Mr.  A.  S.  Reid  :  I  was  asked  to  represent  Section  C.  There  has  been 
no  new  Committee  nominated  in  Section  C,  and  there  aro  only  the,  old  ones. 
The  subjects  which  appeal  to  all  the.  Societies  are.  geological  and  photo- 
graphic subjects,  the  registration  of  type  specimens  of  fossils,  and  the 
movement  of  underground  waters.  The,  oilier  subjects  do  not  appeal  lo 
?»')  many.  The  exploration  of  Irish  cavos  does  not  naturally  appeal 
to  any  of  the  English  or  Scotch  clubs,  and  the  study  of  the-  structure  of 
crystals  is  more  a  matter  for  experts  ;  but  we  have  the  subject  of  erratic 
blocks  and  their  area.  The  Geological  Photographic  Committee  has  been 
doing  certain  new  work  during  this  term  of  office,  which  Professor  Watts 
could  explain. 
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Professor  Watts  :  T  am  glad  to  tako  this  opportunity  of  expressing 
how  deeply  grateful  I  am  to  the  local  Societies  for  the  help  they  have 
given  me  during  the  time  T  have  been  Secretary  of  the  Geological  Photo- 
graphic Committee.  1  should  think  that  there  are  twenty  Societies 
which  have  contributed  photographs,  often  very  valuable  ones,  and  at 
least  twelve  Societies  have  done  something  or  other  towards  making  a 
photographic  survey  of  their  geological  districts.  If  there  are  any  gentle- 
men present  at  this  Conference  belonging  to  the  counties  at  present 
unrepresented  which  I  am  going  to  mention,  I  hope  they  will  see  that 
their  counties  are  no  longer  unrepresented.  Rutland,  Huntingdon,  and 
Cambridge  are  the  only  counties  in  England  which  have  not  yet  con- 
tributed. There  are  three  Welsh  counties  and  eleven  Scotch  counties 
and  fourteen  Frisk  counties.  Amongst  these  counties  are  such  interesting 
counties  as  Brecknock,  Dumbarton,  Ross-shin*,  Wicklow,  Kilkenny,  and 
Waterford,  in  all  of  which  there  is  a  lot  of  geological  work  to  be  done. 
1  think  1  should  make  some,  slight  allusion  to  the  Publication  Committee, 
that  has  boon  formed  in  association  with  us.  It  was  thought  tlmt.  there 
were  a  good  many  Societies  which  might  like  to  have  copies  of  photo- 
"r.iphs,  and  tin-re  have  been  made  sixty  or  eighty  or  possibly  a  hundred 
sets  of  prints  of  interesting  geological  phenomena.  Delays  have  un- 
fortunately occurred,  but  still  we  are  pushing  on,  and  hope  to  complete, 
the  publication  \\ithiu  the  specified  time.  The  set  of  photographs  that 
should  htive  been  issued  in  11)00  is  still  unissued,  but  the  prints  are  pre- 
pared, and  the  slides  will  very  shortly  be  prepared,  and  I  hope  they  will 
be  issued  to  subscribers  within  a  month. 

Mr.  Whitakor  :  1  would  like  to  add  a  word  on  this  matter,  referring 
not  only  to  Section  C,  but  to  others.  Unfortunately  the  grants  were 
much  cut  down.  An  application  was  made,  for  a  grant  for  the  geological 
photographs,  and  instead  of  obtaining  101.  it  has  fallen  to  nl.  I  hope, 
some  moans  will  be  taken  to  make  up  the  i)/.,  because  I  am  afraid  if  wo 
<lo  not  Professor  Watts  will  sutler  in  pocket,  and  that  is  not  a  thing  that 
should  bo  allowed.  It  is  a  splendid  Committee  and  does  magnilioent/ 
work,  and  I  have  benefited  very  much  by  it,  and  through  me  others  have 
benefited  by  it,  but  the  absence  of  money  is  very  unsatisfactory,  and 
somehow  or  other  we  must  try  to  get  a  little  more,  funds. 

The  Chairman  :  We  are  greatly  indebted  to  Professor  Watts  not  only 
for  giving  this  interesting  explanation,  to  the  Conference,  but  also  for  the 
amount  of  labour  he  has  spent  upon  this  work.  Jle  is  tho  life  and  spirit 
of  the  Committee-,  as  wo  all  know,  and  it  is  pleasing  to  hear  that  he  has 
been  so  ably  assisted  by  a  large  number  of  local  Societies  that  are  in 
correspondence  with  us. 

Professor  Kendall  :  F  should  like  to  put  in  a  word  about  the  grant 
for  the  erratic  blocks.  I  had  G/.  last  year  and  spent  it  all  and  more  than 
all.  I  thought  that  F  would  make  a  modest  demand  this  year,  and  that 
if  F  asked  for  10/.  F  should  get  ;V.  •  I  modestly  asked  for  ,r>/.  and  got 
nothing  at  all.  That  is  rather  a  hard  case.  Tho  expense  of  the  erratic 
blocks  Committee  is  considerable.  In  tho  present  year  it  is  particularly 
unfortunate.  In  my  report  I  am  making  an  offer  which  will  inevitably 
involve  an  expenditure  of  time,  which  we  all  expect,  and  of  money,  which 
we  do  not  expect.  Three  years  ago  I  visited  Norway  to  study  and  collect 
specimens  of  the  most  characteristic  rocks  of  Norway  that  we  know  to 
occur  in  tho  British  group,  and  I  have  brought  back  about  a  ton  of  them. 
Last  year  T  went  and  collected  on  a  liberal  scale  tho  rocks  on  the 

1001.  i  i 
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Cheviots  with  the  same  end,  and  in  the  present  year  T  have  sent  sets  of 
rocks  to  any  local  Society  making  application  for  such  type  rocks  as  are 
likely  to  occur  in  their  districts.  I  made  that  reservation,  because  I  do 
not  see  the  use  of  supplying  a  South  Welsh  Society  with  Norwegian  rocks, 
or  of  sending  rocks  from  the  Lake  District  to  the  North  of  {Scotland. 
This  involved  me  in  a  good  deal  of  trouble  and  a  good  deal  of  expense, 
but  I  grudged  neither  the  trouble  nor  the  expense  while  tho  work  was 
continued,  but  it  is  my  experience  that  local  Societies  will  just  go  as  far 
as  they  are  pushed,  and  directly  we  leave  off  pushing  they  stop.  We 
have  a  magnificent  record  of  erratics  in  the  Liverpool  district,  but  I  am 
inclined  to  think  that  the  local  Societies  there  consider  that  they  have 
reached  an  approximate  finality  in  this  work.  We  have1  also  had  records 
of  the  Pennine  Chain  through  Lancashire  and  Yorkshire,  but  with  thcso 
exceptions  we  have  scarcely  any  records  coming  in  at  the  present  time. 
The  Isle  of  Man  was  being  done,  also  the  North  of  Ireland  under  tho 
very  energetic  guidance  of  the  Belfast  Naturalist  Society,  who  have  dono 
very  admirable  work  ;  but  these  are  two  bright  spots  over  a  very  dull- 
looking  map.  In  Scotland  we  have  no  erratics  recorded  at  all.  I  sent  a 
circular  to  every  one  of  the  Corresponding  Societies,  and  I  got  a  small 
number  of  responses  ;  one  response  which  came  from  Scotland  gave 
me  the  assurance  that  the  erratics  in  Scotland  had  been  done,  but  1 
have  failed  to  extract  any  useful  or  any  considerable  amount  of  useful 
information  from  the  records,  which  relate  largely  to  tho  position  of 
boulders  and  other  characteristics.  I  had  only  a  few  records  from  Ireland. 
The  scope  of  this  Committee  has  been  enlarged  deliberately  at  the  request 
of  the  Committee  itself,  and  I  do  hope  that  the  Corresponding  Societies  of 
the  British  Isles  will  make  a  response,  and  if  any  locality  will  indicate 
anything  in  reason  in  the  way  of  assistance  I  can  give  by  means  of 
specimens,  &c.,  I  shall  be  very  pleased. 

The  Chairman  :  Professor  Kendall  has  our  sympathy  in  the  unfortu  • 
nate  position  in  which  he  finds  himself.  We,  may  now  pass  to 

SECTION  1),  ZOOLOGY. 

Mr.  Denny  :  I  am  supposed  to  represent  Section  D.  .fust  at  the  end 
of  the  business  of  the  Committee  I  was  asked  to  comer  hern  as  a  substitute, 
but  I  am  not  commissioned  to  bring  anything  before  the  Committee. 

The  Chairman  :  We  next  turn  to 

SECTION  E,  GEOGRAPHV. 

Dr.  Vaughan  Cornish :  I  am  delegated  by  Section  K  to  bring  before 
this  Conference  a  new  matter  which  has  arisen  at  this  meeting.  You  will 
have  heard  that  there  was  a  joint  Conference  of  two  or  three  Sections  on  the 
subject  of  Limnology,  the  study  of  lakes.  This,  of  course,  is  a  subject  which 
can  only  appeal  to  a  limited  number  of  Societies — those  in  whose  areas  lakes 
occur — but  it  is  hoped  that  these  Societies  which  are  fortunate  enough  to 
possess  lakes  in  their  districts  will  give  their  attention  to  this  new  pro- 
posal for  the  systematic  study  of  the  lakes  of  the  British  Isles.  It  is 
thought  that  the  local  Societies  could  assist  in  the  early  stages  of  that 
work,  more  particularly  by  collecting  the  bibliography  or  local  publications 
relating  to  lakes  ;  and  if  any  of  these  references  or  publications  of  local 
Societies  are  sent  to  Sir  John  Murray  he  will  be  very  glad  indeed  to 
receive  them.  Geography  nowadays  is  becoming  local  in  its  character,  or 
perhaps  I  should  put  it  that  the  people  of  the  British  Isles  are  beginning 


CORRESPONDING  SOCIETIES.  483 

to  turn  their  attention  to  the  geography  of  their  own  country.  I  do  not 
think  a  meeting  of  the  British  Association  ever  passes  but  that  there  are 
papers  read  which  are  distinctly  local  in  their  character.  So  far  as  the 
Glasgow  mooting  is  concerned,  I  refer  particularly  to  the  papers  which 
were  read  on  Friday  in  Section  E  by  Professor  Scott  Elliot  on  *  The 
Effects  of  Vegetation  on  the  Valley  and  Plains  of  the  Clyde  '  ;  the  second 
by  Dr.  Marion  Newbigin  on  c  Proposed  Geographical  Survey  of  the  Valley 
of  the  Forth  '  ;  and  tho  third  by  Professor  W.  G.  Smith  on  '  A  Botani- 
cal Survey  of  Scotland.'  The  authors  of  these  papers  will  be  glad  to  receive 
any  assistance  they  can  get  from  the  local  Societies,  and  I  am  directed 
generally  to  draw  the  attention  of  the  Delegates  to  the  meetings  in 
Section  E  and  to  tho  discussion  of  local  questions  which  occur  there. 

Tho  Chairman  :  The  subject  of  Limnology,  which  has  received  a  great 
deal  of  attention  on  the  Continent,  has  been  ably  dealt  with  in  this 
country,  especially  by  Dr.  Mill  ;  and  1  believe  that  Sir  John  Murray  is 
to  be  associated  with  Mr.  Lawrence  Pullar  in  the  survey  of  the  British 
lakes  about  to  bo  undertaken.  If  no  one  else  wishes  to  speak  on  this 
matter,  which  has  boon  fully  discussed  elsewhere,  wo  will  pass  on  to 

SKCTIOV  F,  FCOXOMIC  SCIENCE  AND  STATISTICS. 
This  Section  is  apparently  not  represented,  so  we  proceed  to 
SECTION  G,  EVCINKEKIXO. 

Professor  IVilby  :  1  may  state  that  wo  have  two  Committees  at  work  at 
present,  one  of  which  lias  been  sitting  for  about  twenty  years  endeavour- 
ing to  Standardise  Small  Screw  Threads.  Standards  seem  to  bo  settled 
according  to  the  caprice  of  the  different  makers  ;  the  Committee  has 
consequently  been  endeavouring  to  bring  into  operation  a  universal 
standard  ;  in  fact,  sncli  a  standard  has  been  proposed  and  has  been  put 
into  operation,  and  has  been  practically  accepted  in  Paris  ;  but  as  the 
dillieulty  in  making  a  standard  arises  on  account  of  tho  form  of  the 
thread,  it  is  more  a  recommendation  that  has  been  made  in  order  to 
obtain  a  simpler  form  of  thn-ad  than  has  been  done,  before.  Any  informa- 
tion on  tho  point  of  screw  threads  will  bo  welcomed  by  the  Committee. 

The  other  Committee,  that  I  spoke  of  was  only  formed  last  year,  and 
refers  to  a  subjec*.  which  may  bo  interesting  —  I  refer  to  Road  Traction. 
A  Committee  ^\as  formed  to  find  out  how  much  it  costs  to  pull  a 
wheeled  \ehiclo  over  different  kinds  of  roads,  and  the  Committee  will 
bo  very  glad  to  hoar  about  the  different  kinds  of  roads  in  different  dis- 
tricts in  order  that  they  may  bo  included  in  the  experiments.  Of  course 
tho  object  of  the  experiments  is  not  so  much  for  horse-drawn  vehicles  as 
for  motor-cars,  and  tho  investigation  is  to  find  out  how  much  it  costs  to 
tako  these  motor-cars  over  high  roads.  1  hope  wo  shall  receive  help  on 
this  question. 

Tho  Chairman  :  Vvro  arc  very  much  indebted  to  Professor  Dalby  for 
these  remarks,  and  I  hopo  that  some  Society  will  sec  its  way  to  give 
assistance,  in  these  matters.  We  now  come  to 


SECTION  IF, 

Mr.  11.  Balfour  :  1  was  sent  as  representative  of  this  Section  to  put 
before  you  some  suggestions  on  tho  subject  of  collecting  anthropological 
photographs.  1  was  asked  to  state  that  any  photographs  and  negatives 

n* 
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in  the  hands  of  the  Committees  of  the  Corresponding  Societies,  or  indivi- 
duals connected  with  those  {Societies,  might  be  made  more  widely  accessible) 
to  persons  who  are  engaged  in  anthropology  and  arcluiology,  if,  after  a 
a  negative  is  finished  with  for  the  time  being,  it  were  deposited  in  some 
recognised  centre,  say  the  Anthropological  Institute,  and  placed  at  tho 
disposal  of  qualified  people  for  use.  In  the  case  where  the  negatives  are 
retained  by  their  owners  and  not  deposited  as  suggested,  these  might  be 
registered  in  such  a  way  that  people  may  be  able  to  find  out  what  photo- 
graphs have  been  taken,  and  whether  they  can  be  used  for  scientific 
purposes.  That  is  one  suggestion  that  1  have  to  make,  and  I  do  not  think 
it  is  necessary  to  enlarge  on.  the  subject.  It  has  been  already  mooted  in 
connection  with  other  Sections,  and  1  think  it  is  ob\ious  to  all  that  it 
•would  be  a  very  great  convenience  to  those  working  at  Anthropology. 

Another  suggestion  that  I  should  like  to  bring  forward  is  that  this 
Conference  should  draw  the  attention  of  the  Correspond  ing  Societies  to  tho 
very  great  desirability  of  systematically  collecting  and  recording  instances 
of  the  survival  of  primitive  customs,  industries,  appliances,  and  so  forth. 
T  am  well  aware  that  there  is  a  great  deal  done  in  this  direction,  and  I 
do  not  need  to  mention  to  you  the  enormous  value  which  anthropology 
derives  from  survivals  of  primitive  customs.  Numbers  of  such  survhals 
are  still  existing  in  or.r  surroundings  and  only  want  recording.  Many  of 
these  customs,  of  the  \erygiiatest  interest  to  tho  student  of  primitive, 
culture,  are  dying  out  at  such  a  rapid  rate  that  wo  should  endeavour  at 
once  to  record  them  as  fcir  as  possible  and  photograph  them  if  they  are 
interesting.  I  hope  that  all  the  Corresponding  Societies  will  bo  \\illing, 
on  the  suggestion  of  Section  H,  to  bear  this  matter  in  mind.  ]  would 
only  mention  or  bring  to  your  recollection  that  much  of  the  very  large 
amount  of  valuable  work  that  General  Pitt- Rivers  did  in  his  lifetime  was 
due  to  his  study  of  survivals.  They  will  fill  up  tho  gaps  in  the  archaeo- 
logical records  in  a  way  that  these  c«  uld  not  be  filled  up  otherwise.  I 
need  say  little  about  the  importance  of  recording  them,  but  I  may  make, 
one  remark.  No  one  can  have  a  higher  admiration  for  the  very  noble 
institution  known  as  the  British  Museum  thanlha\e,  but  at  the  sanin 
time  I  have  a  sort  of  uneasy  feeling  that  it  is  ropresentatho  of  almost 
everything  except  British  archsvology  and  ethnology  ;  and  one  object  in 
raising  this  matter  to  day  is  to  suggest  that  this  systematic  collection  of 
all  such  things  as  I  have  referred  to  should  be  made  \\  ith  a  view  to  esta- 
blishing some  day  a  museum  \\hich  will  adrqii.-itf-U  I.-|.M-  .  i:t  the  past  history 
of  our  own  country,  not  only  the  prehistoric  period,  but  al>o  the  later 
medieval  and  peasant  life  of  the  country  which  has  not  received  sufficient 
attention  so  far.  Every  big  town  on  the  Continent,  especially  in  tho. 
western  part  of  it,  has  its  Folk  Museum,  but  we  have  nothing  of  tho 
kind.  Isolated  attempts  to  deal  with  the  matter  in  a  somewhat  simple 
manner  are  to  be  found,  but  nothing  on  any  adequate  scale.  If  it  wero 
possible  to  aim  at  the  formation  of  a  museum  which  would  represent  that 
side  of  culture,  I  think  that  we  should  ha\  e  done  a  piece  of  work  which 
will  be  well  worth  supporting. 

Dr.  Garson  :  In  support  of  what  Mr.  Balfour  has  just  said,  I  think 
I  might  refer  to  the  last  year's  report,  where  it  is  stated  that  tho  Com- 
mittee which  ho  is  representing  wants  :  \  '  _•  •  :  of  prehistoric  stono 
monuments,  stone  implements,  primitive  pottery,  and  all  objects  con- 
nected with  local  superstitions  and  the  like.  Objects  of  this  kind  aro 
frequently  to  be  found  in  local  museums,  and  sometimes  they  are  peculiar 
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to  the  locality  only,  but  their  existence  is  unknown  very  often  except  to 
a  few  people  hi  the  locality. 

The  Chairman  :  I  can  assure  Mr.  Balfour  that  we  are  fully  sensible 
of  our  obligations  to  him  for  his  very  interesting  remarks  on  this  subject, 
which  will  probably  give  rise  to  discussion. 

Rev.  J.  O.  Bevan  :  I  do  not  know  that  I  have  anything  to  say  except 
about  the  anthropological  map  which  I  hope  will  be  concluded  very  soon. 
As  tu  the  other  subject  that  Mr.  Balfour  spoke  about,  the  question  of 
survivals,  it  is  one  that  commends  itself  to  the  attention  of  the  Delegates. 
Here  in  Scotland  one  ought  to  meet  with  a  great  many  interesting 
samples,  and  anyone  who  has  paid  a  visit  to  the  local  museums  here  will 
agree  that  they  show  very  valuable  material  still  available. 

Mr.  Reid  :  Might  1  ask  the  representative  of  Section  !I  what  one 
should  do  in  the  case  of  local  dances  l}  I  know  of  a  dance  that  occurs  in 
one  of  the  islands  in  Scotland  that  is  entirely  unknown  anywhere  else. 
It  is  a  kind  of  morris-dance,  with  a  sit  of  words  that  are  handed  down 
by  father  to  son. 

Mr.  Balfour  :  One  might  obtain  a  surreptitious  photograph  of  it. 
No  doubt  photographs  would  be  worth  getting  of  anything  of  that  sort. 

J>r.  (inwou  :  I  may  say  that  in  connection  with  obtaining  photo- 
graphs of  dances,  &e.,  there  is  a  camera,  made  by  Watson,  in  the  shape 
of  an  opera-glass,  which  photograph  at  right  angles  to  the  direction  in 
which  you  appear  to  1m  looking.  Frugal  ly  by  that  apparatus  some  of 
those  dances  could  be  recorded. 

After  further  remarks  the  Chairman  passed  to 

SIXTIOX  K,  BOTANY. 

Mr.  Harold  Wager:  T  have  been  asked  by  the  Committee  of 
Section  K  to  bring  to  your  notice  i\\o  new  Committees  which  have  been 
formed  this  year,  in  which  the  members  of  local  Societies  may  be  of  great 
help.  One  ot'  these  is  the  Committee  nominated  to  investigate  the  struc- 
ture of  blue-green  alga1.  The  determination  of  the  structure  of  these 
organisms  is  of  great  theoretical  interest,  and  we  shall  bo  very  glad 
if  the  Delegates  \sould  call  the  attention  of  their  botanical  members  to 
the.  fact  that  specimens  which  may  be  obtained  in  various  conditions  will 
be  extremely  helpful  in  elucidating  the  important  point  of  structure. 
Jf  specimens  can  be  sent  to  myself  at  Arnold  House,  Derby,  we  shall  be 
very  grateful.  The  other  Committee  is  one  which  has  been  appointed  to 
consider  the  desirability  of  collecting,  preserving,  and  systematically 
registering  photogiaphs  of  botanical  interest.  \Ve  have  been  in  com- 
niunictition  with  Professor  "Watts,  and  it  is  felt  that  botanical  photo- 
graphs, arranged  on  the  same  plan  as  the  geological  photographs  are 
arranged,  would  be  extremely  helpful  to  us.  A  collection  of  photo- 
graphs of  rare,  plants  growing  in  their  natural  habitats  would  be  extremely 
valuable,  and  generally  photographs  would  be  a  great  help  in  systematic- 
ally illustrating  the  characteristic  formations  of  the  various  vegetation 
areas,  such  as  moor,  soft  marsh,  and  so  forth.  Again,  photographs  of 
fungi,  insects,  plants  as  parasites  and  climbing  plants,  would  be  ex- 
tremely interesting  in  a  photographical  botanical  record.  It  is  hoped 
that  there,  may  l>e  a  classification  of  these  arranged  on  the  same 
plan  as  has  been  found  successful  by  the.  Geological  Photographic 
Committee,  and  I  would  ask  any  botanical  Society,  if  they  have  any 
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photographs  to  spare,  to  send  them  to  Professor  Weiss  of  Owens  College, 
Manchester,  who  is  the  Secretary  of  the  Committee.  I  have  also  to 
inform  you  that  Professor  Weiss  will  send  out  circulars  to  all  natural 
-history  Societies  communicating  the  wants  of  this  Committee,  and  asking 
them  to  be  good  enough  to  help  us  as  far  as  they  can. 

Mr.  Whi taker  :  I  am  the  representative  here  of  a  Society  which  does 
a  certain  amount  of  work,  and  our  members  would  bo  delighted  to  help. 
I  have  seen  many  tine  photographs  of  structure  and  abnormal  growth,  and 
photographs  of  special  fungi  collected  at  some  of  our  meetings,  and  I  have 
no  doubt  that  other  Societies  will  be  in  the  same  position.  If  Professor 
Weiss  sends  a  circular  to  our  Societies  he  will  get  something  from  them, 
and  I  am  sure  that  they  will  endeavour  to  help  him. 

Mr.  Coates  :  In  our  Perthshire  Society,  owing  to  the  difficulty  of  pre- 
serving specimens  of  fungi,  we  have  commenced  making  a  complete  scries 
of  photographs  of  all  the  fungi  of  the  county.  Our  botanical  members 
collect  them  and  bring  them  to  our  rooms  and  the  photographic  members 
reproduce  them.  This  might  be  found  useful  in  other  districts.  We  have 
them  in  our  museum,  and  it  would  be  quite  easy  to  have  duplicates  made 
for  other  parties. 

Mr.  Wager  :  What  we  want  is  to  have  a  botanical  record. 

Mr.  Coates  :  I  think  many  o* her  Societies  would  be  only  too  glad  to 
do  the  same. 

Professor  Watts  :  I  think  it  might  be  worth  while  to  call  the  atten- 
tion of  any  local  Society  taking  this  up  to  the  fart  that  they  might  form  a 
duplicate  collection,  each  in  its  own  locality.  That  has  been  dono  in  some 
Societies  in  geological  matters,  and  in  this  case  it  would  bo  very  important 
for  the  local  Society  to  keep  a  set  of  prints  in  the  locality.  With  regard 
to  any  other  point,  I  should  bo  only  too  delighted  to  give  help  to  Pro- 
fessor Weiss  in  the  details  should  this  be  satisfactory. 

The  Chairman  :  Botany  is  a  department  of  natural  knowledge-  that  is 
so  universally  cultivated  by  local  Societies  that  I  hope  tho  suggestions 
that  Mr.  Wager  has  favoured  us  with  will  bear  much  fruit.  If  no  one 
olse  desires  to  address  the  Conference  011  Biology  we  shall  pass  to 

SECTION  L,  EDUCATION. 

Dr.  Kunming  :  T  have  been  desired  by  this  new  Section  to  say  that  we 
have  formed  three  Committees  this  year,  but  they  arc  not  on  subjects  which 
tho  Corresponding  Societies  could  render  any  deiinite  assistance.  It  is, 
however,  very  probable  that  in  future  years  we  will  form  Committees  that 
will  necessitate  local  investigations,  and  then  we  will  appeal  to  you  to 
help  us. 

Mr.  Whitaker :  The  British  Association  has  a  remarkaVy  good  col- 
lection of  the  publications  of  local  Societies.  It  is  growing  vastly,  and  as 
the  space  at  the  offices  of  the  Association  is  limited  it  is  a  question  as  to 
what  will  bo  done  with  it  in  time.  The  great  thing  is  to  put  it  where  it 
can  be  useful,  and  any  suggestions  on  that  subject  would  be  welcome. 

The  Chairman  :  Has  any  other  Delegate  any  other  subject  to  bring 
forward  ?  If  not,  I  have  to  thank  you  very  heartily  for  having  attended 
on  these  two  occasions,  and  we  shall  now  adjourn  until  tho  next  meeting 
of  the  British  Association  a  year  hence. 

On  the  motion  of  Dr.  Vaughan  Cornish  a  hearty  vote  of  thanks  was 
given  to  the  Chairman. 
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Cattily/lie  of  the  -more  important  Papers,  and  espcrialhj  those  '/V/C/TM//  to 
Local  Strientijic  hirestigations,  published  by  the  f'^rr-  -i  •  ;,•/.'.•!/ 
Societies  diirimj  the  year  endiny  June  1,  1901. 

%*  This  catalogue  contains  only  the  titles  of  papers  published  in  the  volumes  or 
parts  of  the  publications  of  the  Corresponding  Societies  wnt  to  the  Secretary  of 
the  Committee  in  accordance  with  llule  2. 

Section  A. — MATHEMATICAL  AND  PHYSICAL  SCIENCE. 

BLADEN,  W.  WELLS.    Ecport  of  tho  Meteorological  Section.     '  Trans. 
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Toronto  Astr.  Soc.'  xi.  24-20,  1901. 
CRESSWELL,  ALFRED.     Records  of  Meteorological  Observations  taken  at 

the  Observatory,  Edgbaston,  1900.     '  Birtii.  and  Mid.  lust.  Sci.  Soc.' 
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Dorset  N.  H.  A.  F.  C.'  xxi.  111-121,  1900. 
GOODMAN,  A.  E.     Methods  of  Photo-Mi cography.     '  Proc.  Chester  Soc. 

Nat.  Sci.'  1900  1901,  22-28,  1901. 
HARVEY,  A.     Aurora  Australis :  its  Synchronism  with  Aurora  Borcalis. 
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POYXTING,  Prof.  J.  II.  (S.  Staff.  Tnst.Min.  En<?.)    The  Nature  of  Electric 

Current.     4  Trans.  Inst.  Min.  Ung/  xx.  N9-90,  1900. 
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492  REPORT — 1901. 


Section  B. — CHEMISTRY. 
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tions at  the  Rothcsay  Gas-works  in  1890-1897.  *  Trans.  Glasgow 
Geol.  Soc.'  xi.  280-281,  1900. 

BARKE,  F.  Report  of  the  Geological  Section.  '  Trans.  N.  Staff.  F.  C.' 
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COKKRSFONDING   SOCIETIES.  493 

BARNES,  J.,  and  W.  F.  HOLROYD.    On  the  Mottled  Carboniferous  Lime- 
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SECTION  A.— MATHEMATICAL  AND  PHYSICAL  SCIENCE. 

PRESIDENT  OF  Tin;  SECTION. — Major  P.  A.  MAcMAnox,  D.Sc.,  F.R.S. 

THUllSDAY,  KEPT  EMU  Etl  12. 
The  President  delivered  the  following  Address: — 

DURING  tho  seventy  meet  ings  of  the  Association  n  pure  mathematician  has  been 
president  of  Section  A  on  ten  or  a  dozen  occasions.  A  theme  taken  by  many  has 
been  a  defence  of  the  study  of  pure  mathematics.  I  take  Cayley's  view  expressed 
before  the  wholo  Association  at  Southport  in  186'»  that  no  defence  is  necessary, 
but  were  it  otherwise  I  feel  that  nothing  need  bo  added  to  the  eloquent  words  of 
Sylvester  in  1801)  and  of  Forsyth  in  181)7.  I  intend  therefore  to  make  some  re- 
marks on  several  matters  which  may  be  interesting  to  the  Section  even  at  the  risk 
of  being  considered  unduly  desultory. 

Before  commencing  I  iwM  remark  that  during  t  lie  twelve 'months  that  have 
elapsed  since  the  Bradford  Meeting  we  have  lost  several  great,  men  whose  lives 
were  devoted  to  the  subjects  of  this  Section.  I  termite,  the  veteran  mathema- 
tician of  France,  ha?  left  behind  him  a  splendid  record  of  purely  scientific 
work.  His  name  will  be  always  connected  with  the  Herculean  achievement 
of  solving  the  general  quintic  equation  by  means  of  elliptic  modular  func- 
tions. Other  work,  if  less  .striking,  is  equally  of  the  highest,  order,  and  his 
treatise  *  Cours  d* Analyst* '  is  a  model  of  style.  Of  Fit/Uerald  of  Ihiblin  it, 
is  not  easy  to  speak  in  this  room  without,  emotion.  For  many  years  ho  was 
the  life-  and  soul  of  this  Section.  His  enthusiasm  in  regard  to  all  branches  of 
molecular  physics,  the  force  and  profundity  of  his  speech,  the  vigour  of  his  advo- 
cacy of  particular  theories,  the  acute  thinking  which  enabled  him  to  formulate 
desiderata,  his  warm  interest  in  the  work  of  others,  and  the  unselfish  aid  he  was 
so  willing  to  give,  are  fresh  in  our  remembrance.  Rowland  was  in  the  forefront  of 
tho  ranks  of  physicists.  ITis  death  at  a  comparatively  early  age  terminates  the 
important,  series  of  discoveries  which  were  proclaimed  from  his  laboratory  in  the 
Johns  Hopkins  University  at  Baltimore.  In  Viriamu  Jones  we  have  lost  an 
assiduous  worker  at  physics  whovso  valuable  contributions  to  knowledge  indicated 
his  power  to  do  much  more  for  science.  In  Tait,  Scotland  possessed  a,  powerful 
and  original  investigator.  The  extent  and  variety  of  his' papers  are  alike  remark- 
able, and  in  his  collected  works  there  exists  an  imperishable  monument  to  his 
fame. 

It  is  interesting^ in  this  the  first  year  of  the  new  century,  to  take  a  rapid 
glance  at  the  position  that  mathematicians  of  this  country  held  amongst  mathe- 
maticians a  hundred  years  ago.  During  the  greater  part  of  the  eighteenth  centurv 
the  study  of  mathematics  in  England,  Scotland  aiid  Ireland  had  been  at  a  very 
low  ebb.  Whereas  in  1801  on  the  Continent  there  were  tho  leaders  Lagrauge, 
Laplace  and  Legeudre,  and  of  rising  men,  Fourier,  Ampere,  Poisson  and  Gauss,  we 
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could  only  claim  Tliomas  Young  and  Ivory  as  men  who  were  doing  notable  work 
in  researcli.  Amongst  schoolboys  of  various  ages  we  note  Fresnel,  Bessel,  Cauchy, 
Chasles,  Lame>  Mobius,  v.  Staudt  and  Steiner  on  the  Continent,  and  Babbage, 
Peacock,  John  Herschel,  Henry  ParrHamilton  and  George  Green  in  this 
country.  It  was  not  indeed  till  about  1845  or  a  little  later  that  we  could  point 
to  the  great  names  of  William  Rowan  Hamilton,  MacOullagh,  Adams,  Boole, 
Salmon,  Stokes,  Sylvester,  Cay  ley,  William  Thomson,  H.  J.  S.  Smith  and 
Clerk  Maxwell  as  adequate  representatives  of  mathematical  science,  It  i,s 
worthy  of  note  that  this  date,  1845,  marks  also  the  year  of  the  dissolution  of  a 
very  interesting  society,  the  Mathematical  Society  of  Spitalfields ;  and  I  would 
like  to  pause  a  moment  and,  if  I  may  say  so,  rescue  it  from  the  oblivion  which 
ieems  to  threaten  it.  In  1801  it  was  already  a  venerable  institution,  having 
been  founded  by  Joseph  Middleton,  a  writer  of  mathematical  text-books,  in 
17 17.1  The  members  of  the  Society  at  (ho  beginning  were  for  the  most  part 
silk-weavers  of  French  extraction ;  it  was  little  more  than  a  working  man's 
club  at  which  questions  of  mathematics  and  natural  philosophy  were  discussed 
every  Saturday  evening.  The  number  of  members  was  limited  to  the  '  square 
of  seven,'  but  later  it  was  increased  to  the  i  square  of  right,'  and  later  still  to 
the  'square  of  nine.'  In  1725  the  place  of  meeting  was  changed  from  the  Mon- 
niouth's  Head  to  the  White  Horse  in  Wheeler  Street,  and  in  17o5  to  th*3  Bon 
Jonson's  Head  in  Pelhain  Street.  The  subscription  was  six-and-sixpence  a 
quarter,  or  sixpence  a  week,  and  entrance  was  gained  by  production  of  a  metal 
ticket  which  had  the  proposition  of  Pythi!_--'nL-  engraved  on  one  side  and  a  sighted 
quadrant  with  level  on  the  other.  The  funds,  largely  augmented  by  an  elaborate 
system  of  fines,  were  chiefly  used  for  the  purchase  of  books  and  physical 
apparatus.  A  president,  treasurer,  inspector  of  instruments  and  secretary  were 
appointed  annually,  and  there  were,  besides,  four  stewards,  six  auditors,  and  six 
trustees.  By  the  constitution  of  the  Society  it  was  the  duty  of  every  member,  if 
he  were  asked  any  mathematical  or  philosophical  question  by  another  member,  to 
instruct  him  to  the  best  of  his  ability.  It  was  the  custom  for  each  member  in 
rotation  to  lecture  or  perform  experiments  at  each  evening  meeting.  There  was 
a  tine  of  half-a-crown  for  introducing  controverted  points  of  divinity  or  politics. 
The  members  dined  together  twice  annually,  viz.,  on  the  second  Friday  in  January 
in  London  in  commemoration  of  the  birth  of  Sir  Isaac  Newton  (this  feast  fre- 
quently took  place  at  the  Black  Swan,  Brown's  Lane,  Spitalfields),  and  on  the 
second  Friday  in  July  *  afc  a  convenient  distcince  in  the  country  in  commemoration 
of  the  birth  of  the  founder.'  The  second  dinner  frequently  fell  through  because  the 
members  could  not  agree  as  to  the  locality.  It  was  found  necessary  to  introduce 
a  rule  fining  members  sixpence  for  letting  off  lire  work's  in  the  place  of  meeting. 
Every  member  present  was  entitled  to  a  pint  of  brer  at  the  common  expense, 
and,  further,  every  five  members  were  entitled  to  call  for  a  quart  lor  consump- 
tion at  the  meeting.  Such  were  some  of  the  quaint  regulations  in  force  when, 
about  the  year  1750, ,  tho  Society  moved  to  larger  apartments  in  Crispin  Street, 
where  it  remained  without  interruption  till  I84'i.  It  appears  from  the  old  minute 
books  that  about  the  year  1750  the  Society  absorbed  a  small  nmtheimitical  society 
which  used  to  meet  at  the  Black  Swan,  Brown's  Lane,  above  mentioned,  und 
that  in  178»3  an  ancient  historical  society  was  alao  incorporated  with  it.  By 
the  year  1800  the  class  of  the  members  had  become  improved,  and  we  iind 
some  well-known  names,  such  as  Dolland,  Simpson,  Saunder.son,  Oossley, 
Paroissen  and  Gompertz.  At  this  time  lectures  were  given  in  all  branches  of 
science  by  the  members  in  the  Society's  rooms,  which  on  these  occasions  were 
open  to  the  public  on  payment  of  one  shilling.  The  arrangements  for  the 
session  1822-23  included  lectures  in  mechanics,  hydrostatics  and  hydraulics, 
pneumatics,  optics,  astronomy,  chemistry,  electricity,  galvanism,  magnetism 

1  Its  first  place  of  meeting  was  the  Monmouth's  Head,  MonuioutL  Street,  Spital- 
fields. This  street  has  long  disappeared.  From  a  map  of  London  of  1746  it  appears 
to  have  run  parallel  to  the  present  Brick  Lane  and  to  have  corresponded  to  the  present 
Wilks  Street. 
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and  botany,  illustrated  by  experiments,  On  account  of  these  lectures  the 
Society  had  to  fight  an  action-at-law,  and  although  the  case  was  won,  its  slender 
resources  were  crippled  for  many  years.  In  18:7  Benjamin  Gompertz,  F.R.S., 
succeeded  to  the  presidency  on  the  death  of  the  Kev,  George  Paroissen.  From  the 
year  1880  onwards  the  membership  gradually  declined  and  the  financial  outlook 
became  serious.  In  184.3  there  was  a  crisis;  the  Society  left  Crispin  Street  for 
cheaper  rooms  at  0  Devonshire  Street,  Bisbopsgate  Street,  and  finally,  in  1845, 
after  a  futile  negotiation  with  the  London  Institution,  it  was  taken  over  by  the 
Royal  Astronomical  Society,  which  had  been  founded  in  1821.  The  library  and 
documents  were  accepted  and  the  few  surviving  members  were  made  life  members 
of  the  Astronomical  Society  without  payment.  So  perished  this  curious  old  insti- 
tution ;  it  had  amassed  a  really  valuable  library,  containing  books  on  all  branches 
of  science.  The  Astronomical  Society  has  retained  the  greater  part,  but  some  have 
found  their  way  to  the  libraries  of  the  Chemical  and  other  societies.  An  inspec- 
tion of  the  documents  establishes  that  it  was  mainly  a  society  devoted  to  physics, 
chemistry  and  natural  history.  It  had  an  extensive  museum  of  curiosities  and 
specimens  of  natural  history,  presented  by  individual  members,  which  seems  to 
have  disappeared  when  the  rooms  in  Crispin  Street  were  vacated.  It  seems  a  pity 
that  more  effort  was  not  made  to  keep  the  old  institution  alive.  The  fact  is  tha't 
at  that  date  the  Koyal  Society  had  no  sympathy  with  special  societies  and  did  all 
in  its  power  to  discourage  them.  The  Astronomical  Society  was  only  formed  in 
1821  in  the  teeth  of  the  opposition  of  the  Koyal  Society. 

Reverting  now  to  the  date  1845,  it  may  be  said  that  from  this  period  to 
180(5  much  good  work  emanated  from  this  country,  but  no  Mathematical 
Society  existed  in  London.  At  the  latter  date  the  present  Society  was  formed, 
with  De  Morgan  as  its  first  President,  (loiupertz  was  an  original  member, 
and  the  only  person  who  belonged  to  both  the  old  and  new  societies.  The 
thirty-three  volumes  of  proceedings  that  have  appeared  give  a  fair  indication 
of  the  nature  of  the  mathematical  work  that  has  issued  from  the  pens  of  our 
countrymen.  All  will  admit  that  it  is  the  duty  of  anyone  engaged  in  a  particular 
line  of  research  to  keep  himself  abreast  of  discoveries,  inventions,  methods,  and 
ideas,  which  are  being  brought  forward  in  that  line  in  his  own  and  other  coun- 
tries. In  pure  science  this  is  easier  of  accomplishment  by  the  individual  worker 
than  in  the  case  of  applied  science.  In  pure  mathematics  the  stately  ediiice  of  the 
Theory  of  Functions  has,  during  the  latter  part  of  the  century  which  has  expired, 
been  slowly  rising  from  its  foundations  on  the  continent  of  Europe.  It  had  reached 
a  considerable  height  and  presented  an  imposing  appearance  before  it  attracted 
more  than  superficial  notice  in  this  country  and  in  America.  It  is  satisfactory  to 
note  that  during  recent  years  much  of  the  leeway  has  been  made  up.  English- 
speaking  mathematicians  have  introduced  the  first  notions  into  elementary  text- 
books;  theyha\e  written  advanced  treatises  on  the  whole  subject;  they  have 
encouraged  the  younger  men  to  attend  courses  of  lectures  in  foreign  universities; 
so  that  to-day  the  best  students  in  our  universities  can  attend  courses  at  home 
given  by  competent  persons,  and  have  the  opportunity  of  acquiring  adequate  know- 
ledge, and  of  themselves  contributing  to  the  general  advance.  The  Theory  of 
Functions,  being  concerned  with  the  functions  that  satisfy  differential  equations, 
has  attracted  particularly  the  attention  of  those  whose  bent  seemed  to  be  towards 
applied  mathematics  and  mathematical  physics,  and  there  is  no  doubt,  in  analogy 
with  the  work  of  Poincaro"  in  celestial  dynamics,  those  sciences  will  ultimately 
derive  great  benefit  from  the  new  study.  If,  on  the  other  hand,  one  were  asked 
to  specify  a  department  of  pure  mathematics  which  has  been  treated  somewhat 
coldly  in  this  country  during  the  last  quarter  of  the  last  century,  one  could  point 
to  geometry  in  general,  and  to  pure  geometry,  descriptive  geometry,  and  lha 
theory  of  surfaces  in  particular.  This  may  doubtless  be  explained  by  the  cir- 
cumstance that,  at  the  present  time,  the  theory  of  differential  equations  and  the 
problems  that  present  themselves  in  their  discussion  are  of  such  commanding 
importance  from  the  point  of  view  of  the  general  advance  of  mathematical  science 
that  those  subjects  naturally  prove  to  be  most  attractive. 

AS  regards  organisation  and  co-operation  in  mathematics,  Germany,  I  believe. 


stands  first.  The  custom  of  offering  prizes  for  the  solutions  of  definite  problems 
which  are  necessary  to  the  general  advance  obtains  more  in  Germany  and  in 
France  than  here,  where,  I  believe,  the  Adams  Prize  stands  alone.  The  idea 
has  an  indirect  value  in  pointing  out  some  of  the  more  pressing  desiderata  to 
young  and  enthusiastic  students,  and  a  direct  importance  in  frequently,  as  it 
proves,  producing  remarkable  dissertations  on  the  proposed  questions.  The  field 
is  so  vast  that  any  comprehensive  scheme  of  co-operation  is  scarcely  possible, 
though  much  more  might  be  dune  with  advantage. 

If  we  turn  our  eyes  to  the  world  of  astronomy  \ve  find  there  a  grand  scheme  of 
co-operation  which  other  departments  may  indeed  envy.  The  gravitation  formula  lias 
been  recognised  from  the  time  of  Newton  as  ruling  the  dynamics  of  the  heavens, 
and  the  exact  agreement  of  the  facts  derived  from  observation  with  the  .simple 
theory  has  established  astronomy  as  the  most  exact  of  all  the  departments  of 
applied  science.  Men  who  devote  themselves  to  science  are  actuated  either  by  a 
pure  love  of  truth  or  because  they  desire  to  apply  natural  knowledge  to  the  bene- 
fit of  mankind.  Astronomers  belong,  as  a  rule,  to  the  first  category,  which,  it 
must  be  admitted,  is  the  more  purely  scientific.  We  not  only  find  international 
co-operation  in  systematically  mapping  the  universe  of  stars  and  keeping  all  por- 
tions of  the  universe  under  constant  observation,  but  also  when  a  particular  object 
in  the  heavens  presents  itself  under  circumstances  of  peculiar  interest  or  importance, 
the  observatories  of  the  world  combine  to  ascertain  the  facts  in  a  manner  which  is 
truly  remarkable.  As  an  illustration,  I  will  instance  the  tiny  planet  Eros  dis- 
covered a  few  years  ago  by  l)e  Witt,  liecently  the  planet  was  in  opposition  and 
more  favourably  situated  for  observation  than  it  wTili  be  again  for  thirty  A  ears.  It 
was  determined,  at  a  conference  held  in  Paris  in  July  11)00,  that  combined  work 
should  be  undertaken  by  no  fewer  than  lifty  observatories  in  nil  parts  of  the  world. 
Beyond  the  fixing  of  the  elements  of  the  mean  motion  and  of  the  perturbations  of 
orbit  due  to  the  major  planets,  the  principal  object  in  view  is  the  more  accurate 
determination  of  solar  parallax.  To  my  mind  this  concert  of  the  world,  this  cos- 
mopolitan association  of  line  intellects,  fine  instruments,  and  the  best  known 
methods,  is  a  deeply  impressive  spectacle  and  a  grand  example  of  an  ideal  scientific 
spirit.  Other  sciences  are  not  so  favourably  circumstanced  as  is  astronomy  for 
work  of  a  similar  kind  undertaken  in  a  similar  spirit.  If  in  comparison  they 
appear  to  be  in  a  chaotic  state,  the  reason  in  part  must  be  sought  for  in  condition's 
inherent  to  their  study,  which  make  combined  work  more  dillicult,  and  the  results 
of  such  combined  work  as  there  is,  less  striking  to  spectators.  Still,  the  illustra- 
tion I  have  given  is  a  useful  object-lesson  to  all  men  of  science,  and  may  encourage 
those  who  have  the  ability  and  the  opportunity  to  make  strenuous  efforts  to 
further  progress  by  bringing  the  work  of  many  to  a  single  focu*. 

In  pure  science  we  look  for  a  free  interchange  of  ideas,  but  in  applied  physics  the 
case  is  different,  owing  to  the  fact  that  the  commercial  spirit  largely  enters  into  them. 
In  a  recent  address,  Professor  Perry  has  stated  that  the  standard  of  knowledge  in 
electrical  engineering  in  this  country  is  not  as  high  us  it  is  elsewhere,  and  all  men 
of  science  and  many  men  in  the  street  know  him  to  be  ri^ht.  This  is  a  serious 
state  of  affairs,  to  which  the  members  of  this  Section  cannot  be  in  any  sense 
indifferent.  We  cannot  urge  that  it  is  a  matter  with  which  another  Section  of 
the  Association  is  concerned  to  a  larger  degree.  It  is  our  duty  to  take  an  active, 
and  not  merely  passive  attitude  towards  this  serious  blot  on  the  page  of  applied 
science  in  England.  For  this  many  reasons  might  be  given,  but  it  is  sufficient  to 
instance  one,  and  to  state  that  neglect  of  electrical  engineering  has  a  baneful 
effect  upon  research  in  pure  science  in  this  country.  It  hinders  investigations  in 
pure  physics  by  veiling  from  observation  new  phenomena  which  arise  naturally, 
and  by  putting  out  of  our  reach  means  of  experimenting  with  new  combinations 
on  a  large  scale.  Professor  Perry  has  assigned  several  reasons  for  the  present 
impasse,  viz.,  a  want  of  knowledge  of  mathematics  on  the  part  of  the  rising 
generation  of  engineers  ;  the  bad  teaching  of  mathematics  ;  the  antiquated  methods 
of  education  generally ;  and  want  of  recognition  of  the  fact  that  - :./  •  • -  ":.-•  is  not 
on  stereotyped  lines,  but,  in  its  electrical  aspect,  is  advancing  at  a  |irrd:ki-r,.«  rate; 
municipal  procrastination,  and  so  on.  He  confesses,  moreover,  that  he  does  not 
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see  his  way  out  of  the  difficulty,  and  is  evidently  in  a  condition  of  gloomy  appre- 
hension. 

It  is,  I  think,  undoubted  that  science  has  been  neglected  in  this  country,  and 
that  we  are  reaping  as  we  have  sowed.  The  importance  of  science  teaching  in 
secondary  schools  has  been  overlooked.  Those  concerned  in  our  industries  have 
not  seen  the  advantage  of  treating  their  workshops  and  manufactories  as  labora- 
tori  «?  of  research.  The  Government  has  given  too  meagre  an  endowment  to 
scientific  institutions,  and  has  failed  to  adequately  encourage  scientific  men  and  V> 
attract  a  satisfactory  quota  of  the  best  intellects  of  the  country  to  the  study  of 
science.  Moreover,  private  benefactors  have  not  been  so  numerous  as  in  some 
other  countries  in  respect  of  those  departments  of  scientific  work  which  are  either 
non-utilitarian  or  not  immediately  and  obviously  so.  AVe  have  been  lacking  alike 
in  science  organisation  and  in  effective  co-operation  in  work. 

It  has  been  attempted  to  overcome  defects  in  training  for  scientific  pursuits  by 
the  construction  of  royal  roads  to  scientific  knowledge.  Engineering  students 
have  been  urged  to  forego  the  study  of  Euclid,  and,  as  a  substitute,  to  practise 
drawing  triangles  and  squares;  it  has  been  pointed  out  to  them  that  mathematical 
study  has  but  one  object,  viz.,  the  practical  carrying  out  of  mathematical  opera- 
tions; that  a  collection  of  mathematical  rules  of  thumb  is  what  they  should  aim 
at ;  that  a  knowledge  of  the  meaning  of  processes  may  be  left  out  of  account  so 
long  as  a  sufficient  grasp  of  the  application  of  the  resulting  rules  is  acquired.  In 
particular,  it  has  been  stated  that  the  study  of  the  fundamental  principles  of  the 
infinitesimal  calculus  may  profitably  be  deferred  indefinitely  so  long  as  the  student 
is  able  to  differentiate  and  integrate  a  few  of  the  simplest  functions  tbat  are  met 
with  in  pure  and  applied  physics.  The  advocates  of  these  views  are,  to  my  mind, 
urging  a  process  of  '  cramming  '  for  the  work  of  life  which  compares  unfavourably 
with  that  adopted  by  the  so-called  *  crammers'  for  examinations;  the  latter  I 
believe  to  )>e,  as  a  rule,  much  maligned  individuals,  who  succeed  by  good  organi- 
sation, hard  work,  and  personal  influence,  where  the  majority  of  public  and  private 
schools  fail ;  the  examinations  for  which  their  students  compete  encourage  them 
to  teach  their  pupils  to  think,  and  not  to  rely  principally  upon  remembering  rules. 
The  best  objects  of  education,  I  believe,  are  the  habits  of  thought  and  observation, 
the  teaching  of  how  to  think,  and  the  cultivation  of  the  memory  ;  and  examiners 
of  experience  are  able  to  a  considerable  extent  to  influence  the  teaching  in  these . 
respecte ;  they  show  the  teachers  the  direction  in  which  they  should  look  for 
success.  The  result  has  been  that  the  *  crammer '  for  examinations,  if  he  ever 
existed,  has  disappeared.  But  what  can  be  said  for  the  principle  of  cramming  for 
the  work  of  one's  life  ?  Here  an  examination  would  be  no  check,  for  examiners 
imbued  with  the  same  notion  would  be  a  necessary  part  of  the  system  ;  the 
awakening  of  the  student  would  come,  perhaps  slowly,  but  none  the  less 
inevitably  ;  he  might  exist  for  a  while  on  his  formulae  and  his  methods,  but  with 
the  march  of  events,  resulting  in  new  ideas,  new  apparatus,  new  designs,  new 
inventions,  now  materials  requiring  the  utmost  development  of  the  powers  of  the 
mind,  be  will  certainly  find  himself  hopelessly  at  sea  and  in  constant  danger  of 
discovering  that  he  is  not  alone  in  thinking  himself  an  impostor.  And  an  impostor 
he  will  be  if  he  does  not  by  bis  own  assiduity  cancel  the  pernicious  effects  of  the 
system  upon  which  he  has  been  educated.  *I  do  not,  I  repeat,  believe  in  royal 
roads,  though  I  appreciate  the  advantage  of  <msy  coaches  in  kindred  sciences.  In 
the  science  to  which  a  man  expects  to  devote  his  life,  the  progress  of  which  he 
hopes  to  further,  and  in  which  he  looks  for  his  life's  success,  there  is  no  royal  road. 
The  neglect  of  science  is  not  to  be  remedied  by  any  method  so  repugnant  to  the 
scientific  spirit ;  we  must  take  the  greater,  knowing  that  it  includes  the  less,  not 
the  less,  hoping  that  in  some  happy-go-lucky  way  the  greater  will  follow. 

At  the  beginning  of  the  nineteenth  century  it  was  possible  for  most  workers  to 
be  well  acquainted  with  nearly  all  important  theories  in  any  division  of  science  ; 
the  number  of  workers  was  not  great,  and  the  results  of  their  labours  were  for  the 
most  part  concentrated  in  treatises  and  in  a  few  publications  especially  devoted  to 
science ;  it  was  comparatively  easy  to  follow  what  was  being  done.  At  the 
present  time  the  state  of  aftairs  js  clifferent,  The  number  of  workers  is  very  large  \ 
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the  treatises  and  periodical  scientific  journals  are  very  numerous ;  the  ramifications 
of  investigation  are  so  complicated  that  it  is  scarcely  possible  to  acquire  a  com- 
petent knowledge  of  the  progress  that  is  being  made  in  more  than  a  few  of  the  sub- 
divisions of  any  branch  of  science.  Hence  the  so-called  specialist  has  come 
into  being. 

Evident  though  it  be  that  this  is  necessarily  an  age  of  specialists,  it  is  curious 
to  note  that  the  word  '  specialist '  is  often  used  as  a  term  of  opprobrium,  or  as 
a  symbol  of  narrowmindedness,  It  has  been  stated  that  most  specialists  run 
after  scientific  truth  in  intellectual  blinkers;  that  they  wilfully  restrain  them- 
selves from  observing  the  work  of  others  who  may  be  even  in  the  immediate 
neighbourhood  ;  that  even  when  the  line  of  pursuit  intersects  obviously  other 
lines,  such  intersection  is  passed  by  without  remark ;  that  no  attention  is  paid 
to  the  existence  or  the  construction  of  connecting  lines ;  that  the  necessity  for 
collaboration  is  overlooked;  that  the  general  advance  of  the  body  of  scientific 
truth  is  treated  as  of  no  concern  ;  that  absolute  independence  of  aim  is  the  thing 
most  to  be  desired.  I  propose  to  inquire  into  the  possibility  of  such  an  individual 
existing  as  a  scientific  man. 

I  take  as  a  provisional  definition  of  a  specialist  in  science  one  who  devotes 
a  very  large  proportion  of  his  energies  to  original  research  in  a  particular 
subdivision  of  his  subject.  It  will  be  sufficient  to  consider  the  subjects  that 
come  under  the  purview  of  Section  A,  though  it  will  be  obvious  that  a  similar 
train  of  reasoning  would  have  equal  validity  in  connection  with  the  subjects 
included  in  any  of  the  other  sections.  I  take  the  word  'specialist'  to  denote  a 
man  who  makes  original  discoveries  in  some  branch  of  science,  and  I  deny  that 
any  other  man  has  the  right,  in  the  modern  meaning  of  the  word,  to  be  called 
by  others,  or  to  call  himself,  a  specialist.  1  would  not  wish  to  be  understood  to 
imply  a  belief  that  a  truly  scientific  man  is  necessarily  a  specialist ;  I  do  believe 
that  a  scientific  man  of  high  type  is  almost  invariably  an  original  discoverer  in  one 
or  more  special  branches  of  science ;  but  I  can  conceive  that  a  man  may  study  the 
mutual  relations  of  different  sciences  and  of  different  branches  of  the  same  .science 
and  may  throw  suoh  an  amount  of  light  upon  the  underlying  principles  as  to  be 
in  the  highest  degree  scientific.  I  will  now  advance  the  proposition  that,  with 
this  exception,  all  scientific  workers  are  specialists;  it  is  merely  a  question  of 
degree.  An  extreme  specialist  is  that  man  who  makes  discoveries  in  only  one 
branch,  perhaps  a  very  narrow  branch,  of  his  subject.  I  shall  consider  that  in 
defending  him  I  am  d  fortiori  defending  the  man  who  is  a  specialist,  but  not  of  this 
extreme  character. 

A  subject  of  study  may  acquire  the  reputation  of  being  narrow  either 
because  it  has  for  some  reason  or  other  not  attracted  workers,  and  is  in  reality 
virgin  soil  only  awaiting  the  arrival  of  a  husbandman  with  the  necessary  skill ; 
or  because  it  is  an  extremely  difficult  subject  which  has  resisted  previous 
attempts  to  elucidate  it.  In  the  latter  case,  it  is  not  likely  that  a  scientific 
man  will  obstinately  persist  in  trying  to  force  an  entrance  through  a  bare  blank- 
wall.  Either  from  weariness  in  striving,  or  from  the  exercise  of  his  judgment,  he 
will  turn  to  some  other  subdivision  which  appears  to  give  greater  promise  of 
success.  When  the  subject  is  narrow  merely  because  it  has  been  overlooked,  the 
specialist  has  a  grand  opportunity  for  widening  and  freeing  it  from  the  reproach 
of  being  narrow;  when  it  is  narrow  from  its  inherent  difficulty  he  has  the  oppor- 
tunity of  exerting  his  full  strength  to  pierce  the  barriers  which  close  the  way  to 
discoveries.  In  either  case  the  specialist,  before  he  can  determine  the  particular 
subject  which  is  to  engage  his  thoughts,  must  have  a  fairly  wide  Irvr-wl-.  d.ro  of  the 
whole  of  his  subject.  If  he  does  not  possess  this  he  will  most  likely  make  a 
bad  choice  of  particular  subjects,  or,  having  made  a  wise  selection,  will  lack  an 
essential  part  of  the  mental  equipment  necessary  for  a  successful  investigation. 
Again,  though  the  subject  may  be  a  narrow  one,  it  by  no  means  follows  that  the 
appropriate  or  possible  methods  of  research  are  prescribed  within  narrow  limits.  1 
will  instance  the  Theory  of  Numbers  which,  in  comparatively  recent  times,  was  a 
•ubject  of  small  extent  and  of  restricted  application  to  other  branches  of  science, 
fhe  problems  that  presented  themselves  naturally,  or  were  brought  into  promi- 
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nence  by  the  imaginations  of  great  intellects,  were  fraught  with  difficulty.  There 
seemed  to  be  an  absence,  partial  or  complete,  of  the  law  and  order  that  investi- 
gators had  been  accustomed  to  find  in  the  wide  realm  of  continuous  quantity. 
The  country  as  explored  was  found  to  be  full  of  pitfalls  for  the  unwary.  Many 
a  lesson  concerning  the  danger  of  hasty  generalisation  had  to  be  learnt  and 
taken  to  heart.  Many  a  false  step  had  to  bo  retraced.  Many  a  road  which  a 
first  reconnaissance  had  shown  to  bo  straight  for  a  short  distance,  was  found  on 
further  exploration,  to  suddenly  change,  its  direction  and  to  break  up  into  a 
number  of  paths  which  wandered  in  a  fitful  manner  in  country  of  increasing 
natural  difficulty.  There  were  few  vanishing  points  in  the,  perspective.  Few, 
also,  and  insignificant  were,  the  peaks  from  which  a  general  view  could  be 
gathered  of  any  considerable  portion  of  the  country.  The  surveying  instruments 
wore  inadequate  to  cope  with  the  physical  characters  of  the  land.  The  province 
of  the  Theory  of  Numbers  was  forbidding.  Many  a  man  returned  empty-handed 
and  bafHed  from  the  pursuit,  or  else  was  drawn  into  the  vortex  of  a  kind  of 
Maelstrom  and  had  his  heart  crushed  out  of  him.  ]>ut  early  in  the  last  century 
the  dawn  of  a  brighter  day  was  breaking.  A  combination  of  great  intellects— 
Legendre,  Gauss,  Kiseustein,  Stephen  Smith,  &c.~  succeeded  in  adapting  some 
of  the  existing  instruments  of  research  in  continuous  quantity  to  effective  use 
in  discontinuous  quantity.  These  adaptations  are  of  so  difficult  and  ingenious 
a  nature  that  they  are  to-day,  at  the  commencement  of  a  new  century,  the 
wonder  and,  I  may  add,  the  delight  of  beholders.  True  it  is  that  the  beholders 
are  few.  To  attain  to  the  point  of  vantage  is  an  arduous  task  i?-mii::d:n;r  alike 
devotion  and  courage.  1  am  reminded,  1o  take  a  geographical  analogy,  of  the 
Hamilton  Falls,  near  Hamilton  Inlet,  in  Labrador.  I  have  been  informed  that 
to  obtain  a  view  of  this  wonderful  natural  feature  demands  so  much  time  and 
intrepidity,  aiul  necessitates  so  many  collateral  :!:>:iu>i'fiii>>ii!«.  that  a  few  years 
ago  only  nine  white  men  had  feasted  their  eyes  on  falls  which  are  finer  than 
tliosu  of  Niagara.  The  labours  of  the  mathematicians  named  have  resulted 
in  the  formation  of  a  large  body  of  doctrine  in  the  Theory  of  Numbers.  Much 
that,  to  the  superficial  observer,  appears  to  lie  on  the  threshold  of  the  subject 
is  found  to  be  deeply  set  in  it  and  to  be  only  capable  of  attack  after  problems 
at  first  sight  much  more  complicated  have  been  solved.  The  mirasro  that 
distorted  the  scenery  and  obscured  the  perspective  has  been  to  some  extent 
dissipated ;  certain  vanishing  points  have  been  ascertained ;  certain  elevated 
spots  giving  extensive  views  have,  been  either  found  or  constructed.  The  point 
1  wish  to  urge  is,  that  these  specialists  in  the  Theory  of  Numbers  were  successful 
for  the  reason  that  they  were  not  specialists  at  all  in  any  narrow  meaning  of  the 
word.  Success  was  only  possible  because  of  the  wide  learning  of  the  investigator  ; 
because  of  his  accurate  knowledge  of  the  instruments  that  had  been  made  effective  in 
other  branches  ;  and  because  he  had  grasped  the  underlying  principles  which  caused 
those  instruments  to  be  effective  in  particular  cases,  t  am  confident  that  many  a 
worker  who,  from  the  supposed  extremely  special  character  of  his  researches 
has  been  the  murk  of  sneer  and  of  sarcasm,  would  be  found  to  have  devoted  the 
larger  portion  of  his  time  to  the  study  of  methods  which  had  been  available  in 
other  branches,  perhaps  remote  from  the  one  which  was  particularly  attracting 
his  attention.  lie  would  be  found  to  have  realised  that  analogy  is  often  the 
linger-post  that  points  the  way  to  useful  advance;  that  his  mind  had  been  trained, 
and  his  work  assisted,  by  studying  exhaustively  the  successes  and  failures  of  his 
fellow- workers.  But  it  is  not  only  existing  methods  that  maybe  available  in  a 
special  research. 

Furthermore,  a  special  study  frequently  creates  new  methods  which  may  be 
subsequently  found  applicable  to  other  branches.  Of  this  the  Theory  of  Numbers 
furnishes  several  beautiful  illustrations.  Generally,  the  method  is  more  important 
than  the  immediate  result.  Though  the  result  is  the  offspring  of  the  method,  the 
method  is  the  offspring  of  the  search  after  the  result.  The  Law  of  Qaudratic 
Reciprocity,  a  corner-stone  of  the  edifice,  stands  out  not  only  for  the  influence  it  has 
exerted  in  many  branches,  but  also  for  the  number  of  new  methods  to  which  it 
has  given  birth,  which  are  now  a  portion  of  the  stock-in-trade  of  a  mathematician. 
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Euler,  Legeudre,  Gauss,  Eisenstein,  Jacobi,  Kronecker,  Poincare",  and  Klein  are 
great  names  that  will  be  for  ever  associated  with  it.  Who  can  forget  the  work  of 
H.  J.  S.  Smith  on  homogeneous  forms  and  on  the  five-square  theorem,  work  which 
gave  rise  to  processes  that  have  proved  invaluable  over  a  wide  field,  and  which 
supplied  many  connecting  links  between  departments  which  were  previously  in 
more  or  less  complete  isolation  ? 

In  this  connection  1  will  further  mention  two  branches  with  which  I 
have  a  more  special  acquaintance — the  theory  of  invariants,  and  the  com- 
binatorial analysis.  The  theory  of  invariants  was  evolved  by  the  combined 
efforts  of  Boole,  Cay  ley,  Sylvester,  and  Salmon,  and  has  progressed  during 
the  last  sixty  years  with  the  co-operation,  .rr.ov  »-{  others,  of  Aronhold, 
Clebsch,  Gordan,  lirioscki,  Lie,  Klein,  Poincart,  1-r-iii.,  Hilbert,  Elliott,  and 
Young.  It  involves  a  principle  which  is  of  wide  significance  in  all  the  subject- 
matters  of  inorganic  science,  of  organic  science,  and  of  mental,  moral  and 
political  philosophy.  In.  any  subject  of  inquiry  there  are  certain  entities,  the 
mutual  relations  of  which  under  various  conditions  it  is  desirable  to  ascertain. 
A  certain  combination  of  these  entities  may  be  found  to  have  an  unalterable  value 
when  the  entities  are  submitted  to  certain  processes  or  are  made  the  subjects  of 
certain  operations.  The  theory  of  invariants  in  its  widest  scientific  meaning 
determines  these  combinations,  elucidates  their  properties,  and  expresses  results 
when  possible  in  terms  of  them.  Many  of  the  general  principles  of  political 
science  and  economics  can  be  expressed  by  means  of  invariantive  relations  connect- 
ing the  factors  which  enter  as  entities  into  the  special  problems.  The  great 
principle  of  chemical  science  which  asserts  that  when  elementary  or  compound 
bodies  combine  with  one  another  the  total  weight  of  the,  materials  is  unchanged, 
is  another  case  in  point.  Again,  in  physics,  a  given  mass  of  gas  under  the 
operation  of  \{ir\ii!'.r  pressure  and  temperature  has  the  well-known  invariant, 
pressure  m> ill i p'.it  <!  by  volume  and  divided  by  absolute  temperature.  Examples 
might  be  multiplied.  In  mathematics  the  entities  under  examination  may  be 
arithmetic,  algebraic,  or  geometric ;  the  processes  to  which  they  are,  sub- 
jected may  be  any  of  those  which  are  met  with  in  mathematical  work.  It  is 
the  principle  which  is  so  valuable.  It  is  the  idea  of  invariant  that  pervades 
to-day  all  branches  of  mathematics.  It  is  found  that  in  investigation*  the 
invariantive  fractions  are  those  which  persist  in  presenting  themselves,  even  when 
the  processes  involved  are  not  such  as  to  ensure  the  invarianre  of  those  functions. 
Guided  by  analogy  may  we  not  anticipate  similar  phenomena  in  other  fields  of 
work  ? 

The  combinatorial  analysis  may  be  described  as  occupying  an  extensive  region 
between  the  algebras  of  discontinuous  and  continuou-  -.-iv  ''.!•. .  It  '.-  to  a  certain 
extent  a  science  of  enumeration,  of  measurement-  by  iii-  .1..  •  •''  .1  '•  /•  :-.  as  opposed 
to  measurement  of  quantities  which  vary  by  infinitesimal  increments.  It  is  also 
concerned  with  arrangements  in  which  differences  of  quality  and  relative  position 
in  one,  two,  or  three  dimensions,  are  factors.  Its  chief  problem  is  the  formation  of 
connecting  roads  between  the  sciences  of  discontinuous  and  continuous  quantity. 
To  enable,  on  the  one  hand,  the  treatment,  of  quantities  which  vary  per 
saltum,  either  in  magnitude  or  position,  by  the  methods  of  the  science 
of  continuously  varying  quantity  and  position,  and  on  the  other  hand 
to  reduce  problems  of  continuit}'  to  the  resources  available  for  the  manage- 
ment of  discontinuity.  These  two  roads  of  research  should  be  regarded  as  pene- 
trating deeply  into  the  domains  which  they  connect. 

In  the  early  days  of  the  revival  of  mathematical  learning  in  Europe  the  subject 
of  f  combinations '  cannot  be  said  to  ha\  e  rested  upon  a  scientific  basis.  It  was 
brought  forward  in  the  shape  of  a  number  of  isolated  questions  of  arrangement, 
which  were  solved  by  mere  counting.  Their  solutions  did  not  further  the  general 
progress,  but  were  merely  valuable  in  connection  with  the  special  problems.  Life 
and  form,  however,  were  infused  when  it  was  recognised  by  Do  Moivre,  Bernoulli, 
and  others  that  it  was  possible  to  create  a  science  of  probability  on  the  basis  of 
enumeration  and  arrangement.  Jacob  Bernoulli,  in  his  '  Ars  r~:  *. ,-'  "*!.'  1713, 
established  the  fundamental  principles  of  the  Calculus  of  Probabilities.  A 
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systematic  advance  in  certain  questions  which  depend  upon  the  partitions  of 
numbers  was  only  possible  when  Euler  showed  that  the  identity  a."  ^*=»aia+b 
reduced  arithmetical  addition  to  algebraical  multiplication  and  vice  versa.  Starting 
with  this  notion,  Euler  developed  a  theory  of  generating  functions  on  the  expan- 
sion of  which  depended  the  formal  solutions  of  many  problems.  The  subsequent 
work  of  Cayley  and  Sylvester  rested  on  the  same  idea,  and  gave  rise  to  many  im- 
provements. The  combinations  under  enumeration  had  all  to  do  with  what  may 
be  termed  arrangements  on  a  lino  subject  to  certain  laws.  The  results  were  im- 
portant algebraically  as  throwing  light  on  the  theory  o  "  \ ' ,  '  '  •  •  *  - .  but  another 
large  class  of  problems  remained  untouched,  and  was  considered  ap  being  both 
outside  the  scope  and  beyond  the  power  of  the  method.  I  propose  to  give  some 
account  of  these  problems,  and  to  add  a  short  history  of  the  way  in  which  a 
method  of  solution  has  been  reached.  It  will  be  gathered  from  remarks  made 
above  that  I  regard  any  department  of  scientitic  work,  which  seems  to  be  narrow 
or  isolated,  as  a  proper  subject  for  research.  I  do  not  believe  in  any  branch 
of  science,  or  subject  of  scientitic  work,  being  destitute  of  connection  with  other 
branches.  If  it  appears  to  be  so,  it  is  especially  marked  out  for  investigation  by 
the  very  unity  of  science.  There  is  no  necessarily  pathless  dtsert  separating 
different  regions.  Now  a  department  of  pure  mathematics  which  appeared  to  IK* 
somewhat  in  this  forlorn  condition  a  few  years  ago,  was  that  which  included  prob- 
lems of  the  nature  of  the  magic  square  of  the  ancients.  Conceive  a  rectangular 
lattice  or  generalised  chess  board  (of.  '  Hitter,'  Klein),  whose  compartments  are 
situations  for  given  numbers  or  quantities,  so  that  there  is  a  rectangular  array  of 
certain  entities.  The  general  problem  is  the.  enumeration  of  the  arrays  when  both 
the  rows  and  the  columns  of  the  lattice  satisfy  certain  conditions.  With  the 
simplest  of  such  problems  certain  progress  had  undoubtedly  been  made.  The 
article  on  Magic  Squares  in  the.  'Encyclopaedia  Britannica,  and  others  on  the 
same  subject  in  various  scientific  publications,  are  examples  of  such  progress,  but 
the  position  of  isolation  was  not  sensibly  amelioiated.  Again  the  well-known 
1  problerae  des  rencontre>  '  is  an  instance  in  point.  Here  the  problem  is  to  place 
a  number  of  different  entities  in  an  aligned  order  in  a  line  and  beneath  them  the 
same  entities  in  a  different  order  subject  to  the  condition  that  the  entities  in  the 
same  vertical  line  are  to  ha  different.  This  easy  question  has  been  solved  by 
generating  function*-,  finite  differences,  and  in  many  other  ways.  In  fact  when  the 
number  ot  rows  is  restricted  to  t\vo,  the  ditlieulties*  inherent  in  the  pioblem  when 
more  than  two  row^  are  in  question  do  not  present  themsihes.  The  problem  of 
the  Latin  Square  is  concerned  with  a  square  of  order  n  and  //  different  quantities 
which  have  to  ho  placed  one  in  each  of  tho  /r  compartments  in  such  wise  that 
each  row  and  each  column  contains  each  of  the  quantities.  The  enumeration  of 
such  arrangements  was  studied  by  mathematicians  from  Kuler  to  Cayley  without 
any  real  progress  being  made,  lii  reply  to  tho  remark  k  Cui  bono  I' '  I  s'hould  say 
that  such  arrangements  ha\e  piesenied  themselves  for  investigation  in  other 
branches  of  mot  hematics.  Symbolical  algebras,  and  in  particular  the  theory  of 
discontinuous  groups  of  operations,  have  their  laws  defined  by  what  Cayley  has 
termed  a  multiplication  table.  Such  multiplication  tables  are*  necessarily  Latin 
Squares,  though  it  is  not  conversely  true  that  every  Latin  Square  corresponds  to  a 
multiplication  table.  One  of  the  most  important,  questions  awaiting  solution  in 
connection  with  the  theory  of  finite  discontinuous  groups  is  the  enumeration  of 
the  types  of  groups  of  given  order,  or  of  Latin  Squares  which  satisfy  additional 
conditions.  It  thus  comes  about  that  the  subject  of  Latin  Squares  is  important  in 
mathematics,  and  some  new  method  of  dealing  with  them  seems  imperative. 

A  fundamental  idea  was  that  it  might,  be  possible  to  find  some  mathematical 
operation  of  which  a  particular  Latin  Square  might  be  the  diagrammatic  repre- 
sentative. If,  then,  a  one-to-one  correspondence  could  be  established  between  such 
mathematical  operations  nnd  the  Latin  Squares,  the  enumeration  might  conceivably 
follow.  Bearing  this  notion  iu  mind,  consider  the  differentiation  of  .1*  with 
regard  to  .r.  Noticing  that  the  result  is  /i.t*-1  (/*  an  integer),  let  us  inquire 
whether  we  can  break  up  the  operation  of  differentiation  into  n  elementary  por- 
tions, each  of  which  will  contribute  a  unit  to  the  resulting  coefficient  n.  If  we 
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write  down  .rn  as  the  product  of  n  letters,  viz.,  x\i\i\v  .  .  .,  it  is  obvious  that  if  we 
substitute  unity  in  place  of  a  single  x  in  all  possible  ways,  and  add  together  the 
results,  we  shall  obtain  w,r"~J.  We  have,  therefore,  n  different  elementary  opera- 
tions, each  of  which  consists  in  MilwtitntiiiLr  unity  for  .r.  We  may  denote  these 
diagrammatically  by 

LTJ  :i  ~u-:-    LTELZTI- 


and  from  this  point  of  view  -(     is  a  combinatorial  svmbol,  and  denotes  by  the 

(Lv 
coefficient  n  the  number  of  ways  of  selecting  one  out  of  n  different  things. 

Similarly,  the  higher  differentiations  give  rise  to  diagrams  of  two  or  more 
rows,  the  numbers  of  which  are  given  by  the  coefficients  which  result  from  such 
differentiations.  Following  up  this  clue  much  progress  has  been  made.  For  a 
particular  problem  success  depends  upon  the  design,  on  the  one  hand,  of  a  func- 
tion, on  the  other  hand,  of  an  operation  such  that  diagrams  make  their  uppearauco 
which  have  a  one-to-one  correspondence  with  the  entities  whose  enumeration  is 
sought.  For  a  general  investigation,  however,  it  is  more  scientific  to  start  by 
designing  functions  and  operations,  and  then  to  ascertain  the  problems  of  which 
the  solution  is  furnished.  The  difficulties  connected  with  the  Latin  Square  and 
with  other  more  general  questions  have  in  this  way  been  completely  overcome. 

The  second  new  method  in  analysis  that  I  desire  to  bring  before  the  Section 
had  its  origin  in  the  theory  of  partition.  Diophantus  was  accustomed  to  consider 
algebraical  questions  in  which  the  symbols  of  quantity  were  subject  to  certaiu  con- 
ditions,  such,  for  instance,  that  they  must  denote  positive  numbers  or  integer 
numbers.  A  usual  condition  with  him  was  that  the  quantities  must  denote  posi- 
tive integers.  All  such  problems  and  particularly  those  last  specified  are  qualified 
by  the  adjective  Diophantine.  The  partition  of  numbers  is  then  on  all  fours  with 
the  Diophantine  equation 

a-f/3  +  y-f   ...  +v  -H, 

a  further  condition  being  that  one  solution  only  is  given  by  a  group  of  numbers 
a,  /?,  y  .  .  .  satisfying  the  equation;  that  in  fact  permutations  among>t  the  quanti- 
ties a,  3,  y  .  .  .  are  not  to  be  taken  into  account.  This  further  condition  is  brought 
in  analytically  by  adding  the  Diophantine  inequalities 

a^p=zy2it  .  .^v^O 

v  in  number.  The  importation  of  this  idea  leads  to  valuable  results  in  the  theory 
of  the  subject  which  suggested  it.  A  generating  Junction  can  be  formed  which 
involves  in  its  construction  the  Diophantine  equation  and  inequalities,  and  leads 
after  treatment  to  a  representative,  as  well  as  enumerative,  solution  of  the  problem. 
It  enables  further  the  establishment  of  a  group  of  fundamental  parts  of  the  parti- 
tions from  which  all  possible  partitions  of  numbers  can  be  formed  by  addition  with 
repetition.  In  the  case  of  simple  unrestricted  partition  it  given  directly  the  com- 
position by  rows  of  units  which  is  in  fact  carried  out  by  the  Ferrers- Sylvester 
graphical  representation,  and  led  in  the  hands  of  the  latter  to  important  results 
connection  with  algebraical  series  which  present  themselves  in  elliptic  functions 
and  in  other  departments  of  mathematics.  Other  branches  of  analysis  and  geometry 
supply  instances  of  the  value  of  extreme  specialisation. 

What  we  require  is  not  the  disparagement  of  the  specialist,  but  the  stamping  out 
of  narrow-mindedness  and  of  ignorance  of  the  nature  of  the  scientific  spirit  and  of 
the  life-work  of  those  who  devote  their  lives  to  scientific  research.  The  specialist 
who  wishes  to  accomplish  work  of  the  highest  excellence  must  be  learned  in  the 
resources  of  science  and  have  constantly  in  mind  its  unity  and  its  grandeur. 
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The  following  Papers  were  read:— 

1 .  On  Elastic  Fatiyne,  as  shown  by  Metals  and  Woods. 
By  Professor  A.  GIIAY,  F.R.8.,  J.  S.  DUNLOP,  and  A.  WOOD. 


2,  The  Cleamny  of  Turbid  tiolatitm*,  and  the  Moveitwnt  of  Small  Sus- 
pended Partieks  by  the  Influence  of  Light.    By  Professor  G.  QUINCKE, 
of  JEeidelbery.  —  See  Reports,  p.  (50. 

3.  On  the  Mclalivtt  between  Temporal  iiwatu.1  JnterncJ,  Visivstiivs  of  Solids* 

Jly  Professor  A.  GRAY,  F.K.S. 


4.  Noli-,  ini  Hydrostatic 
Ilij  W.  RAMSAY,  F.R.S.,  ami  CJ.  &KNTEII,  /;.,&. 

The  problem  of  hydrostatic  pressure  Las  usually  been  treated  as  if  the 
liquid,  in  which  the  floating  >olid  is  immersed,  were  a  ctwtuntum.  According 
to  the  molecular  theory  ,  however,  all  liquids  inu^t  be  regarded  as  consisting  of 
discrete  particles,  moving  among  each  other  freely.  Accepting  this  view,  hydro- 
static pressure  niiibt  be  attributed  to  the  bombardment  of  the  immersed  body  by 
molecules,  or  perhaps  by  congeries  of  molecules  ;  and  tlie  kinetic  energy  of  the 
molecules  must  be  capable  of  transmission  from  those  parts  of  the  Quid  which  are 
not  in  contact  with  the.  solid  to  those  which  are  in  contact,  in  such  a  manner  that 
the  lower  portions  of  the  immersed  solid  are  exposed  to  greater  pressure  than  the 
upper,  due  to  the  kinetic  energy  of  all  portions  of  fluid  at  a  higher  level  than  the 
lower  portions,  and  at  a  lower  level  than  the  upper  portions. 

Pit-ton  and  Linder,  working  in  the  laboratory  of  University  College,  showed 
that  colloidal  solutions  can  be  prepared  of  various  degrees  of  fineness  of  the  sus- 
pended particles;  some  solutions  were  prepared  in  which  the  particles  were 
distinctly  visible  with  high  microscopic  magnification,  while  others  contained 
particles  in  such  a  minute  state  of  subdivision  that  even  under  the  highest  power 
of  it  microscope,  the  colloidal  solution  appeared  homogeneous,  and  the  particles 
were  too  line  to  polarise  a  beam  of  light  by  reflection.  Between  these  two 
extremes  intermediate  grades  were  successfully  made;  while  the  particles  of 
solid  in  such  'solutions'  as  contained  visible  solid  were  in  rapid  pedetic 
(Brownian)  motion,  a  particular  grade  of  *  solution'  was  prepared,  in  which, 
although  the  particle.*  were  too  small  to  be  visible,  they  re  veiled  their  presence  by 
polarising  light;  and  under  th<»  microscope  an  appearance  of  confused  motion 
impressed  itself  on  the  eye  ;  it  seemed  as  though  the  particles  were  in  such  rapid 
motion  that  they  did  not  stay  in  focus  long  enough  to  create  a  permanent  visual 
impression. 

The,  questions  arose  :  do  such  particles  produce  hydru*tatic  pressure  ?  is  that 
pressure  equal  to  the  thenietical  pressure  which  would  be  produced  by  a  solution 
of  the  same  density;'  at  \\hat  stage  of  subdi\iskm  of  the  solid  does  such  hydro- 
btalk?  pressure  Income  apparent  •* 

An  attempt  has  been  made  to  answer  the  lirM  two  of  these  questions,  and  with 
fair  success.  The  investigation  will  be  continued  in  the  hope  of  finding  an  answer 
to  the  third  question. 

The  colloidal  solution  selected  was  one  of  arsenious  sulphide  in  pure  water. 
Such  a  solution  is  easily  prepared  by  passing  a  current  of  sulphuretted  hydrogen 
through  an  aqueous  solution  of  arsenious  acid  to  saturation,  and  then  expelling 
excess  of  hydrogen  sulDhido  by  a  current  of  hydrogen  for  several  hours.  The 
density  of  such  a  solution  was  determined  in  two  ways:  first  by  means  of  a 
Sprenffel's  pyknometer  ;  and  second  by  weighing  in  the  solution  a  large  cylinder  of 
class  (65  c.c.),  weighted  with  mercury,  so  as  to  make  it  sink.  Corrections  were 
introduced  for  reduction  to  weighing  in  vacuo,  and  for  temperature, 
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Before  commencing  operations  with  the  colloidal  solution,  experiments  were 
made  with  a  solution  of  barium  chloride,  so  as  to  obtain  a  check  on  the  results  ; 
the  agreement  is  satisfactory. 


Q  *  Pyknometer 

I       gg  1-02677  JJ  J3JJ  }mean,  1-08683 


IT  -- 

u'        20-67°  ~~  20-47°          1-02930 


The  difference  in  the  first  case  is  G  in  102,000;  and  in  the  second,  2  of  3  in 
100,000. 

With  colloidal  solution  of  arsenious  sulphide,  the  data  were  :  — 


m          Hydrostatic  rp  Pykno- 

method  meter 

21-2°  i.ni  iR7  21'2°  1'01192 

2F2°~  10118T  21-2°  1-01193 

20'7°  -  20'7°  1-02330 


n-nnnnr 
20r7°  20-7^  1-02321)  000006 

In  20-75°  -03™  20-67°  1-0227K            Q 

IIL  20-75°  10227^  20-67°  1'02277            000006 

IV  20-80°  1§()lloq  20-80°  1-01135 

IV-  20:8()°  °  20-80°  1-01134 

The  solution  IV.  was  prepared  by  diluting  III.  ;  thtj  others  were  all  specially 
prepared  ;  they  contained  arsenious  sulphide  of  such  a  degree  of  subdivision  that 
the  particles  polarised  light,  but  weru  invisible  under  a  magnification  of  1,000 
diameters. 

The  influence  of  terror  in  weighing  is  such  that  an  error  of  1  mgr.  in  the  weight 
of  the  body  in  air  or  in  solution  would  have  caused  an  error  of  2  units  in  the  fifth 
decimal  placo  :  and  1°  in  reading  temperature  would  have  made  an  error  of  the 
same  magnitude. 

It  will  be  noticed  that  the  apparent  density  with  the  pyknometer  always 
exceeds  that  with  the  float  by  3  to  0  units  in  the  fifth  place  of  decimals;  Lc^  by 
•3  to  6  parts  in  100,000.  It  is  probable  that  this  id  due  to  some  unapplied  correc- 
tion ;  but  it  is  not  easy  to  allow  for  Jt.  It  may,  we  think,  be  taken  as  proved 
that  colloidal  arsenious  sulphide  of  the  stale  of  subdivision  used,  exerts  hydro* 
static  pressure  as  if  it  were  a  liquid  ;  at  any  rate,  it  behaves  as  it'  it  were  in  true 
solution  like  barium  chloride. 

It  has  long  been  the  custom  to  determine  the  density  of  milk,  which  contains 
suspended  fat  globules,  by  means  of  a  lactometer,  which  involves  a  hydrostatic 
method.  The  experiments  cited  show  that  this  custom  is  justifiable. 

5.  The  Freexinr/  Points  of  certain  Dilute  Solutions. 
By  E.  H.  GRIFFITHS,  F.R.ti. 


6.  The  Buildings  of  the  National  Physical  Laboratory. 
By  Dr.  R.  T.  GLAZEBKOOK,  F.R.8. 


I'lUDAY,  SEPTEMBER  13. 
The  Section  was  divided  into  two  Departments. 
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DEPARTMENT  I. — PHYSICS* 

The  following  Report  and  Papers  were  read : — 

1.  Report  on  Electrical  Standards. — See  Reports,  p.  31. 


2.  Note  on  a  Comparison  of  the  Deposits  in  Silver  Voltameters  with 
different  Solvents.     By  S.  SKINNER,  M.A. — See  Reports,  p.  32. 

3.   The  Discharge  of  Electricity  through  Mercury  Vapour. 
By  ARTHUR  SCHUSTER,  F.R.8. 

The  experimental  investigation  of  the  passage  of  electricity  through  mercury 
vapour  is  of  interest  on  account  of  the  metallic  nature  of  the  element,  tho 
naonatomic  character  of  the  vapour,  and  the  purity  with  which  it  can  be 
obtained.  Previous  results  of  the  author  had  led  to  the  conclusion  that  the 
discharge  of  electricity  through  mercury  vapour  diilered  fundamentally  i'roni  that 
taking  place  through  other  gases,  but  these  results  have  been  called  in  question  by 
other  experimenters. 

The  work  now  described  has  extended  over  two  years,  but  did  not  lead  to 
results  which  may  be  said  to  be  decisive  on  the  account  of  the  extreme  difficulty 
of  excluding  small  traces  of  moisture.  Though  the  mercury  vapour  experimented 
upon  no  doubt  was  much  purer  than  that  obtained  by  any  previous  observers,  it 
was  not  absolutely  free  from  some  other  gas,  which,  probably,  was  aqueous 
vapour.  The  width  of  the  well-known  dark  space  round  the  kathode  observed 
was  ten  times  larger  than  in  air.  This  dark  space,  however,  may  possibly  be  due 
to  tho  small  remnant  oi'  impurity  which,  as  has  been  pointed  out,  could  not  be 
excluded. 

4.  Sur  les  Effcts  magnetique  de  la  Convection  ttcctrique. 
Par  Dr.  Y.  CRKMIEU. 


5.  Photoelectric  Cells.     By  Professor  G.  M,  MINCHIN,  M.A.,  F.R.S. 

During  the  past  summer  I  have  been  engaged  on  the  stud^v  of  the  photoelectric 
cells  with  which  I  had  measured  the  voltage  produced  by  the  light  of  the  stars. 
The  object  of  this  investigation  was  to  discover  whether  the  life  of  a  cell  could  be 
in  any  way  prolonged  or  not,  and  also  to  find  the  best  liquid  that  could  be 
employed. 

In  these  cells  the  surface,  -which  is  sensitive  to  light,  is  a  thin  layer  of  selenium 
spread  on  the  end  of  an  aluminium  wire,  the  selenium  layer  being  heated  gradually 
after  it  has  been  spread  as  a  black  viscous  liquid  on  the  end  of  the  wire  until  it 
assumes  the  brownish  grey  colour  which  characterises  the  state  ill  which  it  is 
sensitive  to  light.  The  aluminium  wire  is  contained  in  a  glass  tube,  which  the 
wire  should  so  completely  lit  as  to  prevent  the  ascent  of  a  liquid  into  the  tube — 
a  condition  which  it  is  impossible  to  fulfil,  as  tho  aluminium  wire  cannot  be 
sealed  into  a  glass  tube.  It  is  essential  for  complete  success  that  only  the 
selenium  layer  on  the  end  of  the  wire  should  come  into  contact  with  the  liquid. 
Let  us  imagine  two  such  selenium-coated  aluminium  wires  immersed  in  a  small 
glass  tube  containing  a  liquid,  one,  of  the  wires  being  completely  screened  from 
light,  while  the  selenium  on  the  end  of  the  other  can  Jje  exposed  to  light.  In  the 
dark  there  should  be  no  voltage  exhibited  by  this  cell  when  its  two  wires  are 
connected  with  an  electrometer.  If  the  wire  to  be  exposed  is  left  completely 
naked — ?>.,  in  free  contact  with  the  surrounding  liquid — no  voltage  (or  almost 
none)  will  be  developed  when  its  selenium  end  is  exposed  to  light.  This  result  is 
undoubtedly  due  to  short-circuiting  in  the  cell  itself  when  the  light  acts ;  but  if 


532 


REPORT — 1901. 


this  wire  is  surrounded  by  a  tightly  fitting  glass  tube  a  very  great  voltage  id 
produced  by  light. 

The  accompanying  figure  represents  the  two  aluminium  wires,  A  and  B,  con- 
tained in  a  cork  which  fits  tightly  into  a  glass  cell,  0,  containing  a  liquid ;  the 
wires  are  each  contained  in  a  tightly  fitting  glass  tube  and  are  connected  with  the 
poles  of  a  quadrant  electrometer,  E.  The  ends  of  the  wires  are  exactly  flush  with 
the  ends  of  the  glass  tubes,  which  dip  into  the  liquid,  and  these  ends  are  coated 
with  the  selenium  layers.  We  shall  suppose  that  the  wire  B  is  screened  from  the 
incident  light  L.  Each  aluminium  wire  is  about  J  mm.  or  $  mm.  thick,  nothing 
depending  on  the  diameter  of  the  wire — i.e.,  on  the  area  of  the  sensitive  selenium 
surface — provided  that  the  whole  of  this  surface  is  illuminated  by  the  incident  light. 

Now  the  question  will  naturally  occur,  Why  do  we  use  aluminium  and  not 
some  other  metal,  ?.//.,  platinum,  as  the  base  for  the  selenium  P  The]answer  is  that 
many  other  metals  have  been  tried,  and  none  of  them  gives*  results  approaching 
those  given  by  aluminium.  Platinum  develops  only  about  half  the  voltage  which, 
under  the  same  circumstances,  will  be  given  by  aluminium.  Metals  with  which 
selenium  combines  readily  are  useless :  copper,  silver,  and  tin  are  very  poor.  Now 
as  regards  the  liquids  which  are  most  effective,  I  have  found  the  following  to  be 
extremely  good:  oenanthol,  acetone,  succinate  of  ethyl,  malonic  ether,  methyl- 


hexylketone,  ethyl  and  methyl  benzoate,  methyl  carbonate,  lactic  acid,  lactate  of 
ethyl,  and  lactate  of  methyl. 

'Cyanide  of  ethyl  is  somewhat  effective ;  but  such  liquids  as  anisol,  mustard  oil, 
ethyl  acetate,  valerate  of  ethyl,  and  valerate  of  methyl  are  not  sensitive  at  all. 

Within  the  last  few  weeks,  however,  I  discovered  a  fact  which  will  certainly 
modify  some  of  my  statements  about  the  want  of  sensitiveness  of  liquids — the  fact, 
namely,  that  nearly  all  of  the  little  glass  tubes  which  surrounded  the  aluminium, 
wires/and  on  which  I  had  relied  for  insulating  these  wires  from  the  liquid,  were 
very  good  conductors  !  1  found  that  if  the  electrometer  was  charged  by  a  Daniell 
cell,  which  was  then  withdrawn,  so  that  the  poles  of  the  electrometer  were 
insulated,  one  of  my  glass  tubes  laid  across  from  one  pole  to  the  other  rapidly 
discharged  the  electrometer ;  and  drying  the  glass  tube  did  not  much  improve  its 
insulation.  Asa  result  of  this,  I  have  recently  used  a  compound  glass  tube — 
one  tube  inside  another  with  a  layer  of  air  between  them,  except  at  a  common 
extremity  where  they  are  sealed  together,  thus : 

The  inner  tube  is  P,  sealed  to  the  outer,  (JQ, 

^ 9      at  tho  end  h>,  where  the  selenium  surface  of  the 

S  -«^        — n^m^inmz:  P   wire  contained  in  the  inner  tube  comes  into 
Q      contact  with  the  liquid. 

Except  in  the   neighbourhood    of    S,  thia 

interposes  a  layer  of  air  between  the  tube  P  and  the  liquid,  and  the  result  is  a 
great  improvement. 

A  more  effective  way  still  is  to  coat  the  aluminium  wire  with  an  insulating 
varnish;  but  this  varnish  must  be  such  as  not  to  bo  dissolved  by  the  liquid  which 
we  employ. 

I  am  now  engaged  on  this  part  of  the  problem,  and  it  is  mainly  this  which  has 
compelled  me  to  delay  the  star  measurements  which  I  wab  to  have  resumed  at  Sir 
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Robert  Ball's  observatory  at  Cambridge  in  continuation  of  the  results  which  the 
late  Professor  FitzGerald,  Mr.  W.  E.  Wilson,  and  I  obtained  in  Mr.  Wilson's 
observatory  in  Westmeath. 

It  is  desirable  that  I  should  give  a  notion  of  the  magnitudes  of  the  voltages 
developed  in  these  cells  by  lights  of  various  intensities. 

(1)  An  ordinary  paraffin  candle,  held  at  a  distance  of  2  feet  from  a  cell  in 
which  the  liquid  was  malonic  ether,  was  found  to  give  slightly  more  than  '26  of 
a  volt. 

(2)  For  small  intensities  of  the  incident  light  the  voltage  will  be  proportional 
to  the  square  root  of  the  intensity ;  that  is  to  say,  the  voltage  varies  inversely 
as  the  distance  of  the  luminous  source  from  the  cell. 

(3)  A  paraffin  candle,  at  a  distance  of  8  feet  from  the  cell,  gives  a  voltage 
almost  exactly  equal  to  that  given  by  the  light  of  Yoga  when  this  is  concentrated 
by  a  reflecting  telescope  whose  aperture  is  2  feet. 

(4)  For  strong  lights  the  law  that  the  square  of  the  voltage  developed  in  the 
cell  is  proportional  to  the  intensity  of  the  incident  light  does  not  hold,  as  is  shown 
by  the  following  observation  recently  made :  — 

Room  darkened  and  cell  in  the  dark,  except  that  the  light  of  the  paraffin  lamp 
of  the  electrometer  was,  to  some  extent,  reflected  from  the  walls  of  the  room :  this 
very  feeble  light  gave  a  deflection  of  11  divisions  on  the  scale.  One  candle  held  at 
2  feet  from  the  cell  gave  (not  allowing  for  the  above  11  divisions)  76  divisions. 
Two  candles  held  close  together  at  2  feet  from  cell  gave  (not  allowing  for  the 
11  divisions)  99  divisions.  (One  volt  was  represented  by  275  divisions.) 

Let  i  be  the  energy  incident  on  the  sensitive  plate  when  nothing  but  the 
reflected  lamplight  falls  on  it;  let  I  be  the  incident  energy  due  to  one  candle  at 
2  feet,  and  1'  that  due  to  two  candles  at  2  feet ;  then  we  have 

/  =  #  x  11- 

T  +  i ;  =  k  x  76- 

r  +  i  =  &  x  «)9- 

These  give 

I'     992-ll2     -  ., 

_   r= ~  1 '  /  1 

I     762-ll2 

but  V  should  be  21,  so  that  the  law  cannot  hold.  Indeed,  diffused  daylight  itself 
develops  only  about  '5  volt  in  the  cell. 

These  cells  are  sensitive  to  all  parts  of  the  spectrum,  the  voltage  developed 
by  the  yellow  being  slightly  greater  than  that  due  to  the  other  parts. 

As  to  the  nature  of  the  action  of  light  in  a  selenium  cell,  1  may  quote  the 
following  interesting  experiment  which  was  made  by  Mr.  Shelford  Bidwell,  and 
communicated  to  me  in  a  letter  recently. 

Mr.  Bidwell  took  a  piece  of  platinum  foil  and  coated  it  by  electrolysis  with  a 
very  thin  layer  of  selenium  by  making  it  the  cathode  in  a  solution  of  selenious 
oxide,  or  of  Se  dissolved  in  HNOa.  The  platinum  foil,  thus  covered  with  red  Se, 
was  gradually  heated  on  a  brass  plate  and  thus  brought  into  the  well-known  con- 
dition in  which  it  is  sensitive  to  light. 

When  this  coated  strip  was  immersed  in  a  beaker  of  tap  water  in  presence  of  a 
clean  platinum  strip,  there  was  little  (if  any)  voltage  in  the  dark ;  but  when 
diffused  daylight  was  allowed  to  fall  on  the  coated  strip  a  voltage  of  '101  was 
developed.  (This  was  very  much  less  than  the  voltage  which  would  have  been 
developed  in  the  cells  which  I  have  just  described ;  but  the  reasons  for  this  are 
obvious.) 

In  this  cell,  as  in  all  other  forms  of  selenium  cells,  the  selenium  plate  was  to 
the  inactive  plate  as  copper  to  zinc,  and  from  this  Mr.  Bidwell  concludes  that, 
just  as  Zn  tends  to  combine  with  oxygen  in  H3O,  so  Se  in  the  light  tends  to 
combine  with  hydrogen  and  form  II2Se. 

In  order  to  test  this,  Mr.  Bidwell  took  two  small  test  tubes,  and  into  each  he 
put  some  acetone  and  a  strip  of  platinum  coated  with  selenium ;  each  tube  was 
closed  by  a  vaselined  cork,  and  from  each  cork  was  suspended  in  the  tube  a  clean 
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strip  of  silver.  One  of  these  tubes  was  put  into  a  box  in  a  dark  room,  and  the 
other  was  exposed  to  light  in  a  conservatory.  Here  they  were  left  for  five  years — 
forgotten,  I  presume — and  when  examined  at  the  end  of  that  time  it  was  found 
that  the  silver  strip  in  the  tube  exposed  in  the  conservatory  was  very  much 
blackened,  while  that  in  the  tube  kept  in  the  dark  was  scarcely  discoloured  at  all. 


f>.  On  the  Necessity  Jor  Postulating  cm  Ether .     R  HOPKINHOX. 

The  difference  between  those  who  say  that  there  must  be  a  medium  to  transmit 
gravitation  and  those  who  deny  its  necessity  is  a  purely  metaphysical  one.  All  the 
facts  of  gravitation  can  be  described  or  expressed  without  any  reference  to  a 
medium.  In  like  manner  it  would  appear  so  far  as  terrestrial  phenomena  go  that 
the  facts  of  light  transmission  can  be  so  described,  in  which  case  the  necessity  of  an 
ether  for  conveying  light  is  again  purely  metaphysical.  We  may  say  that  a 
luminous  body  A  causes  a  disturbance  at  P  in  its  neighbourhood ;  the  disturbance 
is  properly  represented  by  a  vector  at  right  angles  to  the  line  joining  A  to  P,  and 

its  amount  is     ^'—^      -,  where  t  is  the  time,  ;•  the  distance  AP,  and  V  a  velo- 

r~ 

city.  Aberration  is  expressed  by  saying  that  if  A  be  in  motion  relative  to  P,  in  a 
direction  at  right  angles  to  AP,  the  disturbance  experienced  at  P  is  the  same  as 
that  which  would  be  produced  by  a  similar  luminous  body  at  A'  at  rest  relative  to 
P,  where  AA'  ^  velocity  ot  A  ftnd  AA/  .fl  -n  the  direcfcion  of  motion  of  A>  Tkere 

is  here  no  mention  at  all  of  a  medium,  but  a  complete  account  is  given  of  the 
cardinal  optical  phenomena. 

This  mode  of  expressing  the  facts,  however,  fails  to  cover  the  phenomena  of 
spectroscopic  double  stars.  The  periodic  doubling  of  lines  in  their  spectra  shows 
these  stars  (apparently  single  as  seen  in  a  telescope)  to  consist  of  two  components 
moving  one  about  the  other  with  an  orbital  velocity  which  can  be  computed  from 
the  displacement  of  the  lines.  When  the  two  components  are  in  the  line  joining 
the  star  to  the  earth,  there  is  no  doubling  of  the  lines,  but  one  component  is 
moving  to  the  right  and  the  other  to  the  left  with  this  orbital  velocity.  Now 
according  to  the  above-stated  expression  for  aberration,  or  any  expression  which 
only  involves  the  motion  of  source  and  receiver  relative  to  each  other,  the  two 
components  should,  when  in  the  line  of  sight,  be  nppir--ntly  separated  owing  to 
the  difference  of  their  motions  relative  to  the  earth.  The  angular  amount  of  the 

.    _  11,1         twice  orbital  velocity 

separation  of  the  two  components  would  be  equal  to  ,  ~ ."",.,.         v  an 

velocity  ol  light 

amount  sufficient  in  some  cases  to  be  visible  to  the  naked  eye.  The  star  would  in 
fact  appear  periodically  to  be  double,  the  doubling  occurring  alternately  with  the 
displacement  of  the  lines  in  the  spectroscope.  Since  no  such  doubling  takes  place 
we  infer  either  that  aberration  cannot  be  completely  expressed  in  terms  of 
relative  motion  of  source  and  receiver,  or  that  the  accepted  theory  of  these  ^stars 
is  wrong.  The  former  alternative,  which  seems  the  more  probable,  forces  one  to 
recognise  a  something  other  than  matter  to  which  the  motion  of  matter  can  be 
referred.  In  fact,  it  may  almost  bo  said  that  in  this  way  the  ether  is  made 
manifest  to  our  senses  as  having  position.  This  reason  for  postulating  an  ether 
differs  in  kind  from  the  metaphysical  reasons  usually  advanced;  it  may  be 
described  as  furnishing  a  logical  necessity  for  an  ether. 


7.  On  the  Change  of  Conductivity  of  Metallic  Particles  under  Cyclic 
Electro -motive  Variation.  P>y  Professor  JAGADIS  CHUNDKR  BOSE, 
M.A.,  D.Sc. 

(1)  "Under  the   action  of  electric  radiation  the  conductivity  of  metallic  par- 
ticles exhibits  variation.    In  the  positive   class,  like  iron,  there  is  an  increase, 
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and  in  the  negative,  like  K,  &c.,  a  diminution  of  conductivity.  Each  class 
again  falls  into  two  sub-classes — (a)  sensitive  substances  which  undergo  self* 
recovery,  and  (&)  sensitive  substances  which  do  not.  In  the  case  of  self-recovering 
substances  the  conductivity  distortion  varies  with  the  intensity  of  radiation. 
Under  the  continued  action  of  radiation  the  distortion  attains  a  maximum, 
balanced  by  force  of  restitution,  and  on  the  cessation  of  radiation  there  is  an. 
elastic  self-recovery. 

(2)  The  three  classes  of  substances,  positive,  negative,  and  neutral,  may  be 
distinguished  by  their  peculiar  characteristic  curves. 

(3)  The  change  produced  iu  the  sensitive  substance  by  the  action  of  radiation 
is  not,  normally  speaking,  chemical. 

(4)  The  conductivity  change  is  produced,  not  only  by  very  rapid,  but  also  by 
comparatively  slow  electric  variation.     Generally  speaking,  all  the  conductivity 
variation  effects  produced  by  electric  radiation  can  be  reproduced  by  compara- 
tively slow  cyclic  electro-motive  variation. 

(5)  Electric  conduction  in  metallic  particles  sensitive  to  electric  radiation  does 
not  obey  Ohm's  law.    The  conductivity  is  not  constant  and  independent  of  the 
electro-motive  force,  but  varies  with  it.    In  the  positive  class  the  characteristic 
curve — in  which  the  ordinates  represent  the  currents,  and  the  abscissro  the 
electro -motive  force — is  concave  to  the  axis  of  the  current.    The  conductivity 
increases  contiimuush/  with  increasing  electro-motive  force.    The  variation  of 
conductivity  in  the  lower  portion  of  the  curve  is  small,  but  increases  with  great 
rapidity  in  the  upper  portion. 

(6)  The  curve  obtained  with  strong  is  steeper  than  that  with  feeble  initial 
current. 

(7)  There  is  found,   especially  when  the  initial  current  is  feeble,  a  critical 
electro-motive  force,  at  which  the  conductivity  change  becomes  so  rapid  as  to 
produce  an  almost  abrupt  bend  in  the  curve.    Stronger  initial  current  appears, 
not  only  to  lower  the  critical  point,  but  also  to  mitigate  the  abruptness  of  this 
change. 

(8)  The  effect  of  electro-motive  force  in  modifying  the  conduct.! vity  of  the 
conducting  layer  is  well  seen  in  self-recovering  substances.    There  is  a  definite 
conductivity  corresponding  to  a  definite  electro-motive  force.     As  the  electro- 
motive force  is  increased,  the  sensitive  molecular  layer  is  strained,  and  a  definite 
increase  of  conductivity  produced.      Whon  the  increased  stress  is  removed  the 
corresponding  strain  also  disappears,  and  there  is  an  elastic  recovery  of  its  former 
molecular  and  conductive  state.     Hence  when  it  is  carried  through  a  complete 
cycle  of  electro-motive  variation,  with  moderate  speed,  the  forward  and  return 
curves  coincide,  and  tho  substance  remains,  at  the  end  of  the  cycle,  in  itb  original 
molecular  condition. 

(9)  This  is  the  case  where  there  is  complete  recovery  on  the  removal  of  the 
stress.     With 'i  .•-:••*•  •-.  •:':!•*    substances  we  iiud  an  outstanding  residual  effect. 
In  a  curve  taii-n  \\\\\.  <'\,  Sir  electro-motive  variation  the  forward  and  return 
curves  do  not  coincide,  but  enclose  an  area.    Then*  is  a  hysteresis.    The  larger 
the  range  of  tho   electro-motive   variation,  the  greater  is  the  area  enclosed. 
There  is  a  residual  conductivity  variation  at  the  end  of  the  cycle  which  may  be 
dissipated  by  vibration. 


FRIDAY,  SEPTEMBER  13. 

DEPARTMENT  II. — ASTRONOMY. 
CHAIRMAN:  Professor  PI.  II.  TURNEB,  D.Sc.,  F.R.8. 
The  Chairman  delivered  the  following  Address: — 

IT  was  hoped,  as  you  are  doubtless  nil  aware,  that  this  Chair  would  be  taken 
by  the  Astronomer  Royal  for  Scotland,  Dr.  Copeland ;  but  unfortunately,  illness 
has  prevented  him  coming  to  the  Meeting.  Iu  doing  what  I  can  to  fill  his  place 
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at  very  short  notice,  I  shall  not  attempt,  nor  would  you  expect,  a  formal  address 
such  as  we  hoped  to  hear  from  him ;  but  I  will  venture  to  put  before  you  one 
or  two  reflections  on  a  topic  which  has  been  much  before  my  attention  during  the 
last  few  years  becausa  directly  connected  with  my  own  work,  and  which  has  a 
special  interest  for  us  from  the  allusions  made  to  it  yesterday  morning  by  the 
President  of  our  Section,  viz.,  the  question  of  scientific  co-operation.  It  is  a 
matter  of  considerable  importance  to  astronomers,  who  have  to  deal  with 
numerous  observations  and  calculations ;  indeed,  the  millions  and  billions  which 
express  the  distances,  sizes,  or  ages  of  the  heavenly  bodies,  and  which  are  used 
to  such  good  purpose  by  some  lecturers  for  startling  the  imaginations  of  their 
audiences,  scarcely  surpass  the  numbers  which  must  be  used  to  express  the  work 
to  be  done  by  an  astronomer.  The  enterprise  on  which  we  are  engaged  at  the 
Oxford  University  Observatory  at  the  present  moment  is  the  measurement  of  a 
quarter  of  a  million  star-places,  which  will  take  us  about  seven  years ;  and  we 
are  only  one  of  eighteen  observatories  co-operating  in  a  scheme  of  work.  The 
product  of  eighteen  by  a  quarter  of  a  million  does  not  bring  us  near  the 
billions;  but  if  we  are  minded  to  produce  big  numbers  we  might  remember 
that  in  the  determination  of  each  individual  star-place  a  good  many  figures 
are  required.  At  Oxford  we  try  to  keep  the  number  to  the  irreducible  minimum, 
but  it  certainly  exceeds  thirty  even  there ;  while  at  other  observatories  it 
reaches  800  or  400.  Thus  we  can  with  ease  secure  a  creditable  position  in  the 
thousands  of  millions  in  respect  of  this  one  piece  of  work,  and  the  lapse  of  a  century 
or  two  is  all  that  is  necessary  to  produce  billions  of  figures  in  the  ordinary  course 
of  astronomical  observation.  It  is  clear  that  in  such  work  co-operation  is  an  all- 
important  factor,  and  the  study  of  the  best  means  for  securing  it  and  for  using  it 
when  secured  may  well  claim  a  share  of  our  attention. 

I  may  pause  for  a  moment  to  consider  the  possibility  that  our  experience  may 
be  of  value  to  the  devotees  of  other  sciences.  *  Other  sciences/  said  Major  Mac- 
Mahon  yesterday, '  are  not  so  favourably  circumstanced  as  is  Astronomy  for  work 
of  a  similar  kind  undertaken  in  a  similar  spirit/  But  what  may  be  true  to-day 
may  not  be  true  to-morrow.  It  was  not  astronomers,  but  mathematicians,  who 
first  showed  the  value  of  a  certain  kind  of  co-operation.  Major  MacMahon 
reminded  us  that  the  Spitalfields  weavers  founded  a  mathematical  society  in  1717, 
and  thus  anticipated  by  more  than  a  century  the  formation  of  the  Astronomical 
Society  in  1821,  which  ultimately  absorbed  its  prototype.  Possibly  in  the  future 
mathematicians  will  find  the  need  of  co-operation  of  this  other  kind,  which  consists 
in  sharing  a  great  piece  of  work  among  several  workers  for  the  sake  of  comfort  and 
rapiditv,  and  so  may  profit  by  our  example,  as  we  formerly  profited  by  that  of 
the  Sp'italfields  weavers.  And  there  are  indications  that  in  another  science, 
that  of  Zoology,  the  time  may  be  close  at  hand  when  co-operation  between 
workers,  of  a  type  very  similar  to  that  in  full  swing  in  Astronomy,  will  be  a 
boon,  if  not  a  necessity.  Professor  Karl  Pearson,  Professor  Weldon,  and  others 
are  introducing  into  zoology  numerical  operations  on  a  large  scale,  which 
promise  further  and  further  increase;  and  they  would  no  doubt  be  ready  to 
indicate  even  now  enterprises  of  a  valuable  kind  which  they  are  only  deterred 
from  undertaking  by  their  magnitude,  and  which  a  suitable  scheme  of  co-operation 
might  bring  within  the  range  of  practical  politics.  1  Eence  we  should  look  to  our 
methods  of  work  in  Astronomy  with  the  responsibility  attaching  to  those  who  are 
leading  where  others  may  follow;  and  above  all  things  take  care  to  make  clear 
any  mistakes  we  have  made,  so  that  others  may  perhaps  profit  by  our  experience. 

If  it  seems  invidious  thus  to  emphasise  our  mistakes,  I  would  remind  you  that 
astronomical  co-operation  has  not  always  been  successful ;  indeed,  it  has  very 
often  ended  in  failure.  I  do  not  mean  simply  failure  to  attain  its  object.  The 
band  of  astronomers  who  divided  the  sky  between  them  at  the  end  of  the  eighteenth 
century  to  look  for  a  minor  planet  met  with  this  kind  of  failure,  for  the  first  dis- 
covery fell  by  the  irony  of  Fate  to  another,  who  was  not  engaged  in  any  special 
search  of  the  kind.  This  unlucky  accident  must  not,  however,  make  us  forget  that 
the  co-operators  worked  diligently  side  by  side  for  several  years.  Failure  of  a 
more  real  kind  has  overtaken  enterprises  to  chart  the  stars  or  to  map  the  Moon, 
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-rtrhich  have  proceeded  very  little  further  than  the  preliminary  organisation.  Some 
workers  have  dropped  out  early  in  the  history  of  the  gcheine,  some  have  not  even 
started,  and  the  blanks  have  not  been  filled  up  ;  sooner  or  later — generally  sooner — 
the  scheme  has  been  abandoned.  The  curious  may  read  of  some  of  these  schemes  in 
back  numbers  of  the  t  Monthly  Notices/  though  some  of  them  never  got  into  print, 
and  are  only  to  be  traced  in  the  Minutes  of  the  Royal  Astronomical  Society.  And 
yet  of  many  of  them,  if  not  all,  it  may  safely  be  said  that  a  little  more  energy  on  the 
part  of  Homebody  would  have  produced  an  assured  success ;  somebody  to  see  that 
the  gaps  were  lilled  up,  and  dilatory  workers  hastened  or  superseded ;  somebody  to 
be  a  sort  of  foreman  of  the  works.  It  does  not  seem  unlikely  that  this  general 
supervision  is  best  performed  by  one  not  actually  engaged  in  the  work  himself — a 
man  of  affairs.  One  of  our  great  London  schoolmasters  declares  that  a  nominally 
idle  man  should  be  at  the  head  of  all  enterprises  ;  that  he  never  knew  any  good 
come  of  any  work  where  there  was  not  *  a  man  with  his  hands  in  his  pockets 
looking  after  it.'  We  have  scarcely  found  this  to  be  a  necessity  in  Astronomy  ; 
for  the  men  who  have  looked  after  the  eighteen  observatories,  taking  part  in  the 
Astrographic  Chart,  have  been  Directors  of  the  Paris  Observatory — men  with  many 
things  to  claim  their  attention.  To  the  individual  energy  of  the  late  Admiral 
Mouchex  and  his  successors  the  work  owes  a  great  deal.  It  fell  to  their  lot  to 
overcome  the  diiliculties  I  have  indicated  ;  to  undertake  the  voluminous  corre- 
spondence necessary  at  the  start ;  and  to  fill  up  gaps  in  the  ranks  of  workers. 
Last  July  it  was  found  that  of  the  eighteen  observatories  which  had  promised  to 
take  part,  three  had  made  no  start ;  and  M.  Loewy  forthwith  superseded  them  and 
found  three  others.  Thus  the  risk  of  incompleteness  has  been  removed  ;  and  we  may 
hope  that  one  danger  which  threatens  such  schemes  has  been  successfully  averted. 

But  the  removal  of  this  danger  draws  our  attention  immediately  to  another — 
that  of  taking  far  too  long  in  finishing  the  work.  The  project  for  making  the 
Chart  was  originally  discussed  fourteen  years  ago,  in  1887  ;  and  it  was  urged  by 
many  of  thosR  then  present  that  a  reasonable  time,  say  ten  years,  should  be  fixed 
for  the  completion  of  the  whole.  In  spite  of  the  representations  of  this  prudent 
minority,  the  programme  was  made  an  ambitious  instead  of  a  modest  one,  and 
some  stretching  has  been  done  since,  with  the  result  that  after  fourteen  years  only 
one  or  two  observatories  are  within  sight  of  the  goal,  the  majority  seeing  from  ten 
to  twenty  years'  work  ahead  of  them ;  and,  as  above  remarked,  there  are  three 
which  have  not  yet  started.  With  this  experience  we  may  well  ask  whether  the 
limit  proposed  even  by  the  prudent  minority  wan  not  too  high;  and  whether  it 
would  not  be  well  to  \\\  iive  years  as  a  limit  to  any  scheme  of  co-operation  which 
is  as  vet  on  paper  only. 

The  danger  of  attempting  too  much  is  illustrated  in  a  somewhat  different  way 
by  the  Eros  campaign.  It  will  be  clear  from  what  has  been  already  said  that 
the  eighteen  observatories  responsible  for  the  Chart  have  their  hands  quite  full ; 
and  now  comes  a  special  occasion  -an  opportunity  that,  will  not  occur  again  for 
thirty  years — to  determine  the  Solar  parallax.  Last  winter  the  newly-discovered 
planet  Eros  was  known  to  be  coming  close  to  us,  and  we  had  an  occasion  of  more 
value  than  the  Transits  of  Venus.  What  were  the  eighteen  observatories  to  do  ? 
They  could  not  at  any  rate  refuse,  to  take  photographs,  and  this  has  been  done ; 
even  this  meant  a  great  deal  of  additional  work  for  some  people  for  a  few  months  ; 
but  it  is  a  mere  tritle  compared  with  the  work  that  is  still  to  come  in  measuring 
and  reducing  the  plates,  which  will  be  a  sensible  fraction  of  the  work  already 
jjrojected  for  the  Chart.  Which  is  to  be  done  first  ?  Prudence  suggests 
finishing  one  enterprise  before  beginning  another,  putting  aside  the  Eros  plates 
until  the  Chart  work  is  finished.  On  the  other  hand  there  are  thirty  other  observa- 
tories sharing  the  Eros  work  with  the  original  eighteen,  and  they  will  be  more  or 
less  impatient  for  our  results.  Tn  this  dilemma  some  rather  unsatisfactory 
compromise  will  no  doubt  be  adopted,  but  we  may  heave  another  sigh  that  the 
advice  of  the  prudent  minority  in  1887  was  not  taken,  for  in  that  case  not  one 
or  two  but  many  of  the  eighteen  observatories  might  have  completed  the  Chart 
work  before  Eros  came. 

1  now  pass  to  a  different  kind  of  danger  to  which  co-operation  renders  us 
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liable.  To  secure  homogeneity  in  the  work  it  is  necessary  to  bind  the  associating 
individuals  by  certain  rules,  and  we  run  some  risk  of  checking  that  originality 
which  is  almost  vital  in  scientific  work.  There  is  scarcely  any  scientific  operation 
so  mechanical  that  it  may  be  safely  left  in  entire  charge  of  those  without  originality 
and  the  liberty  to  use  it.  Quite  recently  a  scheme  of  co-operation  has  been 
adopted  in  the  preparation  of  the  nautical  almanacs  of  the  different  nations.  It 
is  thought  that  certain  calculations  to  be  performed  are  so  well  settled  that  inde- 
pendent calculation  is  a  needless  waste  of  labour,  and  thus  certain  sections  of,  say, 
the  American  Nautical  Almanac  and  our  own  will  be  henceforth  identically  the 
same,  printed  from  the  same  manuscript  computations.  I  cannot  but  regard  the 
project  with  some  alarm.  The  risks  against  which  we  are  guarded  by  independent 
computation  may  be  small,  but  I  cannot  believe  them  to  be  evanescent,  and  I 
attach  some  value  to  the  healthy  stimulus  of  comparison  (or  we  may  perhaps  say 
competition)  even  for  nautical  almanacs.  Differences  revealed  by  such  com- 
parisons in  the  past  have  often  been  traced  to  causes  which  were  by  no  means 
obvious  or  unworthy  of  attention. 

But  without  laying  too  much  stress  on  this  case,  which  is  obviously  an 
extreme  one,  we  can,  I  think,  well  understand  how  the  taking  part  in  a  co-operative 
scheme  mav  lower  the  tone  of  scientific  work.  There  is  a  very  real  possibility  of 
replacing  the  alert  spirit  of  investigation  by  a  mere  mechanical  regularity ;  nay, 
even  of  making  one  who  should  be  an  astronomer  into  a  mere  drudge.  This  has 
at  times  been  the  declared  method  of  great  astronomers  with  their  subordinates  ; 
they  have  professed  themselves  quite  able  to  do  all  the  thinking  required,  and 
looked  for  the  help,  not  of  intelligent  assistants,  but  of  mere  drudges.  This  was 
Pond's  view,  and  more  or  less  that  of  Airy  in  his  early  years  at  Greenwich  :  and  I 
need  not  stop  to  point  out  the  errors  into  which  it  led  them,  and  from  which  we 
are  still  .-trn^-jrlir,^  to  free  ourselves.  There  are,  I  am  happy  to  think,  few  who 
would  now  deliberately  advocate  it,  and  we  need  not  waste  words  in  trying  to 
convince  these.  But  if  we  acknowledge  the  crushing  out  of  intelligent  independ- 
ence in  subordinates  to  be  a  mistake,  how  much  greater  is  the  evil  if  it  spreads 
through  the  whole  staff  of  an  observatory,  including  tho  Director  himself;'  And  this 
is  at  least  a  possible  result  of  co-operation.  We  can  only  too  easily  imagine  a 
scheme  of  work  in  which  the  rules  are  laid  down  so  completely  and  ,so  stringently 
by  the  central  body  that  nothing  is  left  to  the  initiative  or  originality 
of  the  individual  observatories;  and  the  Director  of  such  a  one  might  find 
himself  with  nothing  to  do  but  see  that  the  rules  were  adhered  to.  If  the 
work  were  at  the  same  time  planned  to  extend  over  a  period  of  ten  or 
twenty  years,  as  is  quite  possible  in  Astronomy,  we  can  well  understand 
that  his  efficiency  as  an  intelligent  scientific  worker  might  become 
seriously  affected.  We  must  not  shut  our  eyes  to  this  danger.  Astronomical 
work  is  terribly  liable  to  settle  down  into  routine  as  we  all  know ;  and  the  exist- 
ence of  so  many  small  observatories  where  nothing  is  done  beyond  routine 
observations  with  the  transit  circle  is  not  a  credit  to  us.  It  is  reassuring  to  find 
that  many  of  them  are  ready  to  use  opportunities  which  present  themselves. 
For  instance,  when  tho  Eros  work  was  planned,  fifty  observatories  responded  to 
the  call  for  volunteers.  But  is  there  not  even  here  another  point  of  view  ? 
What  were  all  these  observatories  doing  before,  that  they  are  abb  so  readily  to 
take  up  a  new  project  ?  Some  of  them  we  know  had  enough  on  hand  already, 
and  only  added  the  Eros  work  with  reluctance;  but  it  is  to  be  feared  that  others 
hailed  it  as  a  welcome  opportunity  to  do  something  of  some  use,  not  having  been 
able  to  think  of  anything  lor  themselves.  This  thinking  of  what  one's  work  is  to 
be  is,  of  course,  the  hardest  part  of  ]•<-«»«  r<  1:  '!••'.  !-;!'tr  something  to  do  that  shall 
be  a  real  step  in  advance.  Some  fortunate  men  tind  it  comparatively  simple,  but 
to  the  majority  it  is  a  labour  and  toil,  and  only  through  much  tribulation  do  they 
enter  their  kingdom — their  own  domain  in  which  they  recognise  their  own  true 
work.  It  is  much  easier  for  such  to  turn  aside  and  follow  some  king  who  has 
come  to  his  crown  more  easily ;  to  take  a  share  in  a  great  piece  of  work  organised 
by  gome  master-mind.  But  is  not  this  a  -serious  loss  to  them  and  to  science  ? 
May  not  schemes  of  co-operation  kill  the  originality  of  the  humbler  workers  by 
removing  the  incentive  to  independent  thought  ? 
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Here,  however,  I  end,  for  the  present  at  any  rate,  my  list  of  the  risks  and 
dangers  which  co-operation  brings  in  its  train.  It  is  time  to  turn  to  the  other  and 
brighter  side  of  the  matter ;  for  there  is  a  brighter  side,  which  presents  itself, 
as  it  should  to  experimental  philosophers,  when  we  come  to  practical  working 
AS  opposed  to  forecasting ;  and  it  is  because  the  great  scheme  of  the  Astrographic 
Chart  illustrates  vividly  both  the  dark  side  and  the  bright,  both  the  possible  evils 
of  such  schemes  and  the  actual  benefits  which  may  replace  them  under  certain 
circumstances,  that  1  have  ventured  to  select  it  so  often  for  reference  in  these 
remarks.  Wo  have  seen  how  it  has  escaped  the  premature  decease  which  has 
befallen  other  such  schemes,  owing  in  great  measure  to  the  energy  of  the  central 
authority.  The  mistake  of  attempting  too  much  is  unfortunately  now  irreme- 
diable in  this  particular  case ;  but  it  may  serve  as  a  warning  on  future  occasions. 
It  remains  to  show  how  thu  danger  of  crippling  individuality  has  been  averted  in 
an  unexpected,  almost  a  comical,  manner. 

At  the  outset  this  danger  was  distinctly  threatening.  At  the  earlier  confer- 
ences there  was  manifest  anxiety,  chiefly  on  the  part  of  those  who  were  not  going 
to  do  the  work,  to  bind  down  the  worker*  rather  stringently  by  rulta  of  procedure. 
The  anxiety  seemed  to  be  intensified  rather  than  diminished  by  the  circumstance 
that  it  was  not  very  clear  what  these  rules  ought  to  be.  Where  several  courses 
were  open,  each  found  its  champion,  and  the  discus  si  on  was  perhaps  most 
animated  in  the  cases  where  the  teaching  of  actual  experience  was  least 
available.  On  several  occasions  a  decision  was  only  arrived  at  by  an  expedient 
which  seems  to  be  familiar  in  Continental  meetings,  but  is  little  known  in 
England ;  perhaps  it  deserves  a  wider  recognition.  When  formal  discussion 
waxes  warm,  the  President  declares  the  meeting1  dissolved,  for  ten  minutes 
of  informal  conversation.  The  meeting  forthwith  breaks  up  into  animated 
knots  of  oa^er  talkers;  opponents  who  have  been  addressing  one  another 
with  the  meeting  between  them  rush  across  the  room  to  each  other  and  put  their 
points  with  renewed  emphasis  and  unfettered  gesture,  and  for  ten  minutes  there 
is  apparent  confusion  and  some  noise.  But  when  the  President's  bell  again  rings, 
the  effect  of  the  outburst  is  manifested  in  a  restoration  of  sobriety  and  the  passing 
of  a  resolution :  and  so  the  number  of  resolutions  mounts  UD,  and  by  the  end  of  the 
Conference  a  respectable  list  of  them  is  ready  for  the  printer ;  a  list  quite  long 
enough  to  quench  any  spark  of  originality  in  the  individuals  taking  part  in  the 
work.  Hut  now  comes  the  unforeseen  feature  of  the  enterprise.  The  participating 
workers  go  off  to  their  observatories  with  a  copy  of  these  rules  in  their  pockets, 
and  do  not  observe1  them.  Such  as  they  find  convenient  they  adhere  to  closely ; 
but  when  they  iind  by  experience  that  a  rule  will  not  work,  they  do  not  hesitate 
to  prefer  their  experience,  a*  £ood  and  faithful  experimental  philosophers  should. 
And  their  individual  experiences  were  by  no  means  similar,  so  that  the  sheet  of 
rules  was  torn  across  in  all  sorts  of  directions  ;  the  original  copy  would  be  now 
barely  recognisable  by  those  who  subscribed  to  it. 

But  then  is  anything  left  ¥  Is  not  this  the  practical  failure  of  the  scheme  ? 
On  the  contrary  it  was  its  salvation.  The  diversity  of  experience  was  not  funda- 
mental, but  to  a  tfreat  extent  apparent  only.  The  rules  which  were  broken  were 
those  which  experience  proved  non-essential,  and  which  ought  never  to  have  been 
made ;  and  when  those  who  had  actually  carried  out  a  considerable  portion  of  the 
work  met  last  year,  they  found  that  they  had  arrived  at  practically  the  same  con- 
clusions by  a  diversity  of  routes.  It  was  inevitable  that  they  should,  rules  or  no 
rules,  if  they  went  to  work  honestly  and  perseveringly ;  and  if  some  went  a  longer 
way  and  some  a  shorter  to  the  same  goal  this  was,  after  all,  an  unimportant 
matter  beside  tho  fact  that  they  all  arrived  at  last.  Had  they  not  thrown  off 
the  needless  constraints  they  might  never  have  arrived  at  all. 

The  reality  of  this  happy  consummation  was  illustrated  \>y  two  minor  inci- 
dents, which  I  will  mention.  At  this  last  Conference  several  points  were  brought 
up  for  discussion  which  had  not  been  previously  considered.  Quided  by  expe- 
rience, no  attempt  was  made  in  general  to  frame  new  rules  of  procedure :  the 
object  was  tacitly  assumed  to  be  that  the  different  workers  should  compare  notes 
for  their  own  guidance.  But  there  were  some  present,  especially  among  those  not 
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participating  in  the  work,  who  had  not  profited  by  the  lessons  of  the  past ;  and  one  of 
them  read  out  a  rather  elaborate  resolution  for  deciding  one  of  the  points  in  question 
on  a  uniform  plan.  It  was  just  such  a  resolution  as  would  have  led  to  an  excited 
debate  at  the  earlier  Conferences  and  ultimately  to  a  cut-and-dried  rule.  It  was 
now  received  in  embarrassed  silence.  Then  one  who  had  gauged  the  opinion  of 
the  meeting  more  adequately  rose  to  point  out  how  retrogressive  it  was.  With 
the  utmost  courtesy  to  his  colleague  and  in  the  most  genial  manner  he  pointed  out 
that  such  a  resolution  was  both  dangerous  and  useless,  and  was  better  let  alone, 
which  was  accordingly  done. 

Again,  one  of  the  co-operating  directors  rose  to  ask  for  guidance  on  a  doubtful 
point.  There  were  certain  plates  which  might  or  might  not  be  considered  pro- 
perly falling  to  his  share,  according  to  the  definition  of  his  boundary.  In  this  case 
individual  opinion  was  deliberately  subordinated  to  the  decision  of  the  meeting. 
Would  the  meeting  please  decide  the  point?  Surely  here  the  meeting  might  give 
a  decision  without  danger.  But  the  meeting  had  been  humbled,  and  was  no  longer 
in  the  mood  to  give  decisions.  Proposals  to  direct  the  questioner  to  take  the 
doubtful  plates,  to  recommend  him  to  do  it,  and  to  encourage  him  to  do  it,  were 
successively  considered  and  rejected  as  being  too  dictatorial ;  and  it  was  finally 
decided  that  the  meeting  would  not  forbid  him  to  take  the  extra  plates  if  he  so 
wished ! 

But  the  comedy  of  this  result  has  a  very  serious  significance.  We  may  heartily 
congratulate  ourselves  that  the  time  is  not  yet  come  when  astronomers  are  pre- 
pared to  lose  their  individuality  in  a  co-operative  scheme  of  work  ;  and  still  more 
that  such  schemes  can  be  found  where  such  loss  of  individuality  is  unnecessary. 
May  it  not  be  said  that  something  very  similar  has  been  realised  in  the  case  of  the 
other  scheme  of  co-operation  referred  to  by  the  President  of  the  Association 
yesterday,  the  scheme  for  a  Catalogue  of  Scientific  Literature  !J  The  original 
proposals  were  of  a  kind  which  left  too  little  scope  for  the  individuality  of  the 
different  sciences.  Fortunately  the  mistake  was  rectified  promptly,  and  the  prevsent 
plan  leaves  much  more  to  individual  judgment.  Some  such  compromise  would 
seem  to  be  essential  (if  we  are  not  generalising  too  hastily)  to  the  success  of 
co-operative  enterprises  in  science.  We  must,  above  all  things,  take  care  nol  to 
crush  individuality.  I  would  even  go  so  far  as  to  say  that  so  much  of  the  element 
of  competition  as  can  be  preserved  without  endangering  uniformity  in  essentials 
should  be  diligently  cultivated.  Add  that  the  original  scheme  should  be  as  modest 
as  possible,  and  that  an  energetic  man  should  be  put  in  a  position  to  wake  up  the 
dilatory  and  to  ensure  that  the  pace,  which  is  necessarily  that  of  the  slowest,  be 
not  funereal,  and  I  venture  to  think  that  we  may  eliminate  failure  from  co-operative 
scientific  enterprises. 

The  following  Papers  were  read  : 

1.  On  the  Possibility  of  Systematic  Error  in  PltnhH/t-nphu  of  a  Moriuy 
Object.     By  A.  R.  HINKS,  M.A\ 

An  a  priori  objection  to  the  method  of  obtaining  the  position  of  a  planet  from 
photographs  is  the  alleged  possibility  of  systematic  error  due  to  the  fact  that  the 
images  either  of  the  stars  or  the  planet  must  be  short  trails,  and  the  ends  of 
these  trails  may  not  be  symmetrical  with  respect  to  the  mean  epoch  of 
exposure.  In  photographing  Eros  at  Cambridge  last  winter  for  the  determination 
of  the  solar  parallax  the  exposures  were  made  following  alternately  the  stars  and 
the  planet.  A  comparison  of  the  two  series  will  not  show  the  existence  of  a 
systematic  error  constant  for  stars  of  all  magnitudes,  but  it  would  show  an 
error  which  was  a  function  of  the  magnitude.  Forty  exposures  each  of  eighteen 
selected  stars  have  been  measured,  and  show  no  trace  of  such  an  error.  The 
author  concludes,  from  the  absence  of  a  differential  effect  between  stars  of 
different  magnitudes,  that  the  absolute  systematic  error  due  to  trail  is  probably 
insensible. 
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2.  TJie  Essentials  of  a  Machine  for  the  Accurate  Measurement  of  Celestial 
Photographs.     By  A.  R.  HINKS,  M.A. 

It  is  now  within  the  power  of  amateur  astronomers  to  do  work  of  the  highest 
value  by  measuring  photographs  made  by  the  existing  telescopes  of  the  public 
observatories  in  such  numbers  that  they  cannot  all  be  measured  and  discussed  at 
the  observatories  themselves.  When  this  is  more  fully  realised  there  will  be  some 
demand  for  a  suitable  measuring  machine  at  a  not  extravagant  price.  The  author 
attempts  to  define  the  essentials  of  the  simplest  machine  which  will  do  work  of 
the  highest  accuracy. 

The  machine  shall  measure  one  coordinate  at  a  time  on  plates  impressed  with 
a  standard  5  mm.  rdsnau. 

To  ensure  that  the  error  in  the  measure  due  to  the  machine  and  the  observer 
shall  not  be  a  large  part  of  the  whole  error,  the  machine  must  read  to  0*0001  of  a 
rtSseau  interval  It. 

The  object  glass  of  the  microscope  should  project  the  image  of  a  It-square  with 
magnification  unity  on  to  a  divided  glass  scale  in  the  eyepiece,  to  divide  it  into 
one  hundred  parts.  This  scale  should  have  the  spaces  numbered,  not  the  divisions. 
ll-lines  and  star  discs  are  then  referred  to  the  centre  of  the  scale  space  nearest 
each  by  a  micrometer  screw,  which  may  be  applied  (1)  to  the  plate  carriage,  (2)  to 
the  scale,  (3)  to  the  objective.  The  last  has  not  been  done,  but  it  promises  the 
advantage  over  the  others  that  it  brings  the  micrometer  head  at  a  convenient 
distance  from  the  eye ;  and  since  the  range  of  motion  required  is  small  (0*5  mm. 
is  ample)  the  objective  could  be  carried  in  the  centre  of  an  arm  pivoted  at  one  end 
and  pressed  against  the  screw  at  the  other,  which  would  be  simple  to  make. 

The  objective  must  give  a  flat  tield  over  at  least  5  mm.     The  tube  carrying 
the  eyepiece  and  scale  must  have  a  focussing  movement,  preferably  independent  of 
the  f'hi^'tixi'.  ul.ich  should  have  a  small  independent  range  of  -i"1"     '      •'   ' 
niak-il."  II-^:!.'.:--  tit  the  scale  and  reduce  errors  of  run.    This  do*  •  •    •    :•'.'• 
the  fociw  if  the  objective  is  midway  between  plate  and  scale. 

The  plate  carriage  must  move  on  two  rectangular  slides,  which  need  not  be 
really  true.  It  may  be  moved  by  hand,  but  a  quick  rack  find  pinion  motion  is 
much  better.  Clamps  are  not  necessary  if  the  carriage  is  counterpoised.  Rough 
petting  scales  with  adjustable  pointers  are  necessary.  The  plate  should  be 
brought  up  by  springs  under  thre*1  studs,  and  an  orientating  screw  at  one  corner 
is  required. 

Luiform  illumination  is  given  by  a  simple  convex  lens  below  the  plate  and  a 
concave  mirror.  It  in  most  important  that  tlie  observer  should  be  shielded  from 
direct  light  by  black  curtains  and  screens,  that  he  may  be  able  to  keep  both  eyes 
open. 

The  essentials  are :  (1)  objective  giving  a  flat  field,  and  (2)  divided  scale  in 
the  eyepiece,  good  optical  work  ;  (3)  micrometer  screw  motion  to  subdivide  the 
scale  "spaces,  the  only  part  whicli  wants  really  good  mechanical  work ;  (4)  simple 
focussing  movement ;  and  (o)  orientating  screw  for  the  plate. 

Semi-essentials,  which  quickly  pay  for  themselves  in  time  saved  and  fatigue 
avoided,  are : — 

(0)  The  adjustment  of  objective  independent  of  microscope  tube  by  a  divided 
head ;  (7)  rack  and  pinion  motion  for  the  plate  carriage ;  (8)  lens  and  concave 
mirror  illumination  ;  (0)  light  screens. 

For  a  discussion  ot  most  ot  these  points  reference  is  made  to  a  paper  by  the 
author, '  Monthly  Notices  of  tho  Jloyal  Astronomical  Society/  1901  May. 


3.  Note  on  the  Singktp  Commutator.     By  DAVID  P.  Tool*. 

At  last  year's  meeting  of  the  Association  I  described  the  Tripoli  commutator, 
a  mechanical  device  which  I  employed  at  that  station  on  May  28,  1900,  for 
operating  the  eclipse  instruments  automatically.  The  fortunate  accident  of 
locating  the  instruments  on  the  roof  or  terrace  of  the  British  Consulate  made  it 
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possible  to  drive  the  cords  from  the  commutator  barrel  by  gravity.  The  method 
could  not  be  conveniently  used  except  under  like  circumstances  of  elevation. 

To  operate  the  instruments  at  Singkep,  Netherlands  Indies,  was  a  very  different 
problem,  and  led  to  the  devising  of  two  improvements  in  this  type  of  mechanical 
commutator  which  make  it  universally  adaptable  to  the  needs  of  both  astronomers 
and  physicists  :  — 

(a)  Instead  of  a  single  barrel  or  drum  I  used  as  many  drums  as  there  were 
instruments  to  be  operated.  Each  drum  was  provided  with  a  collar  and  set-screw, 
so  that  the  process  of  adjusting  one  instrument  and  its  automatic  movements  did 
not  disturb  the  adjustments  of  others  already  made. 

(£)  Instead  of  gravity  as  a  power  to  turn  the  drums,  they  were  turned  by 
hand,  timed  accurately  to  the  motion  of  a  pendulum  ;  and  the  commutator  cords, 
after  unwinding  from  the  several  drums  and  doing  their  work  in  tripping  the 
escapements,  were  returned  over  pulleys,  each  to  its  individual  drum,  where  they 
wound  up  on  one  side  just  as  fast  as  they  unreeled  from  the  other.  This  simple 
arrangement  easily  gave  accommodation  for  the  80  feet  of  cord  required  by  the 
6m.  20s.  duration  of  totality.  _ 

4.  The  Drift  in  Longitude  of  Groups  of  Facnhu  on  the  Xurfs  Surface. 
By  the  Rev.  A.  L.  COUTIK,  X./.,  F.R.A.ti. 


From  a  discussion  of  tho  Potsdam  photographs  for  the  year  1M4,  \Vilsing  con- 
cluded that  faculse  did  not  show  the  drift  in  longitude  with  decrease  in  latitude 
exhibited  by  sun-spots.  An  opposite  conclusion  was  derived  from  plates  covering 
the  period  1891-94  at  Pulkowa,  by  Statonoft".  On  these  plates  no  facula  was 
followed  for  more  than  three  days,  and  the  measures  were  made  on  selected  points 
in  the  faculous  groups.  From  the  study  of  selected  groups  of  facula)  in  the  year 
1889,  Father  Sidprreavrs  showed  that  groups  considered  as  a  whole  during  long 
periods  of  time  drifted  with  the  spots.  The  present  paper  is  supplementary  to 
that  of  Father  S".  ]..:•  ••  -?  and  while  trn\-r»is  j  the  same  ground,  gives  a  more. 
detailed  discussion  ol'  the  observations.  -Moreover,  it  is  illustrated  oy  diagrams 
which  show  the  drift  in  a  very  convincing  way.  The  periods  of  time  during  which 
the  faculae  were  followed  ranged  from  It)  to  120  days.  The  year  18H9  wafl 
selected  as  being  a  minimum  year  of  solar  activity,  and  "therefore  present  injr  less 
dilliculty  for  the  identification  and  following  of  the  several  groups  of  faculce  than 
in  a  maximum  year.  Moreover,  to  make  identification  certain,  of  121  groups 
drawn  and  measured  during  thnt  year,  all  but  thirteen  wore  excluded.  The.su 
latter  groups  were  all  connected  with  sun-spots,  and  passed  through  the  various 
phases  of  growth  which  characterise,  such  groups.  In  the  study  of  the  drift, 
Carrington's  method,  set  forth  in  his  'Observations  of  Solar  Spots/  was  exactly 
followed.  A  centre  of  each  group  was  chosen  which  appeared  to  jzive  the  most 
trustworthy  result  for  diurnal  motion.  Hut  every  member  of  each  group  had  pre- 
viously been  put  down  in  its  true  heliographic  position  on  a  set  of  charts,  one  to 
each  solar  rotation.  The.  positions  were  determined  from  the,  original  drawings  by 
means  of  a  series  of  accurate  heliographic  projections.  The  Table  gives  tho 
results  from  the  measurements. 
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The  Table  shows  that,  at  least  in  the  cases  discussed,  there  is  a  real  drift  in 
longitude  with  reduction  of  latitude.  This  is  especially  noticeable  in  the  cases 
between  —  20°  and  —  8°.  The  diagrams  in  which  the  facuice  are  set  down  in  position 
at  successive  periods  show  tho  drift  in  a  most  striking  and  convincing  manner. 
An  apparent  lagging  of  faculaj  behind  the  leading  spot  of  a  group  is  accounted 
for  by  the  disappearance  of  the  following  members  of  the  spot  groups,  and  not  by 
a  retrograde  drift  of  the  faculft. 

5.  On  an  Exceptional  Cane  in  tlie  determination  of  the  Cowttantx  of  a 
Photographic  Plate  from  known  fitar*.  By  Professor  li.  H.  TUUNEK, 
/'.#.#. 

At  the  Uimersity  Observatory,  Oxford,  the  places  of  stars  on  about  800 
photographic  plates,  each  2°  x  2°,  have  already  been  measured ;  the  whole  number 
of  plates  to  be  measured  as  the  share  of  this  observatory  in  the  International 
Astrographic  Survey  being  1,180.  Each  plate  contains  on  an  average  about  1550 
stars,  but  the  number  varies  considerably  (from  100  to  2,000).  Of  these  a  certain 
number  (from  10  to  30  per  cent.)  have  already  been  observed  on  the  meridian,  so 
that  their  places  are  known ;  and  from  these  known  places  the  *  plate  constants' 
are  determined  (scale  value,  orientation,  £c.),  so  that  tho  places  of  the  remaining 
stars  in  the  sky  can  be  inferred  from  the  measures  of  the  plate.  The  constants 
are  found  by  two  sets  of  linear  equations,  one  set  from  measures  of  the  A 
coordinates,  another  from  //:  and  the  correctness  of  the  solution  is  checked  (a)  by 
the  agreement  of  the  results  from  the  two  sets,  which  are  solved  independently ; 
(/>)  by  the  accordance  of  the  residuals  for  the  known  stars  with  those  found  from 
other  plates. 

The  equations  are  solved,  not  by  the  method  of  least  squares,  but  by  a 
process  in  many  ways  equivalent  to  it.  To  avoid  the  hea\y  work  of  s-quarhur  and 
multiplying  numerous  eoeih'cients,  the  stars  are  grouped  so  that  by  mere  addition 
wo  can  form  thre*1  equations  presenting  the  chief  features  of  the  normal  equations 
which  arise  in  tho  work  by  least  sjuares,  viz.,  that  the  coefficient  of  each 
unknown  quantity  should  be  relatively  large  in  one  equation.  In  almost  all  cases 
hitherto  this  process,  which  is  comparatively  simple  and  expeditious  has  been 
found  quite  satisfactory. 

A  plat?  with  centre  13"  0"',  +  27°,  taken  on  18W  May  5,  present*  a  curiou- 
exception.  There  are  only  fifteen  *  known'  stars  on  it,  and  these  are  >o  arranged 
(nil  near  the  line  .*•--  //>  that.  tho  usual  method  •  "  •  '•  .:  failed  to  give  a  solution 
at  all.  A  deliberate  regrouping  wa.s  then  •  w  •  special  attention  to  the 
characteristics  of  the  plate,  hut  the  solution  obtained  was  unsatisfactory  when 
judged  by  either  of  the  criterions  (<r)  and  (b)  above  mentioned. 

The.  machinery  of  *  least  squares'  wii*  then  set  in  motion,  with  the  result  that  a 
satisfactory  solution  was  obtained.  It  seems  worthy  of  note  that  this  machinery 
does  practically  give  satisfactory  results  in  cases  where  simpler  methods  fail. 
This  instance  is  of  some  importance  as  representing  an  extreme  case  out  of  SOO 
tried. 

(>.  On  the  Position  of  a  JVawt  beyond  Afyf/w.     7J>/  G.  FoRisiR,  F.B.S. 


flATlWDAY,  &KPTEMIIKR  11. 

The  Section  >NMS  divided  into  two  Departments. 

DKPAUTMKNT  I. — MATHKMATICS. 

A  joint  Di»ci<8*ioH  nith  faction  L  on  thr  Teaching  of  Mathematics,  opened 
by  Professor  JOHN  PKRRY,  F.JR.S. 
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DEPARTMENT  II. — PHYSICS. 

The  following  Report  and  Papers  were  read : — 

1.  Report  on  Radiation  in  a  Magnetic  Fie/d.—See  Reports,  p.  39. 

2.  Note  on  a  Method  of  determining  Specific  Heats  of  Metals  at  Low 
Temperatures.     By  T.  G.  BEDFORD,  M.A.,  and  C.  F.  URKEN,  M.A. 

The  specific  heats  of  solids  at  temperatures  below  0°  C.  have  hitherto  generally 
been  determined  by  an  obvious  slight  modification  of  the  method  of  mixtures  as 
generally  used  for  temperatures  between  0°  and  100°  ('. 

It  was  suggested  to  us  by  Mr.  E.  II.  Griffiths  that  better  results  might  be 
obtained  by  adopting  a  method  which  can  be  regarded  as  analogous  with  one 
which  has  already  been  used  with  success  for  the  0°  0.  to  100°  C.  range,  viz.,  that 
of  Joly's  steam  calorimeter.  The  metal,  whose  specific  heat  is  required,  having 
been  previously  weighed  in  water  kept  at  0°  C.,  is  cooled  to  a  low  temperature  and 
then  again  immersed  in  the  ice-cold  water.  The  metal,  with  the  coating  of  ice 
thus  formed  on  it,  is  again  weighed  in  the  water.  From  the  difference  in  the  two 
weights  the  mass  of  ice  formed  is  calculated,  the  density  of  ice  being  known,  and 
thence  the  specific  heat  of  the  metal  is  obtained  in  terms  of  the  latent  heat  of 
ice. 

The  experiments  have  been  merely  of  a  preliminary  character,  but  they  have 
served  to  suggest  the  following  as  an  appropriate  form  of  apparatus. 

The  metal  to  be  i;:\e-!  L-n!-  ,1  should  be  enclosed  in  a  cylindrical  box,  and 
experiments  performed  tirst  with  the  box  empty  and  then  when  it  contains  the 
metal.  Then  if  the  walls  of  the  box  be  of  sufficient  thickness,  this  differential 
method  would  eliminate  to  a  great  extent  corrections  for  the  suspension  wire, 
for  the  gain  of  heat  by  the  metal  and  the  deposition  of  hoar-frost  upon  it  during  its 
transit  through  the  air,  £e.  The  essential  feature  of  such  a  box  is  that  its  volume 
should  not  be  altered  by  opening  and  closing  it. 

The  l cooler'  used  by  us  consisted  of  three  coaxial  cylinders.  The  metal 
experimented  upon  was  suspended  in  the  inner  of  the  three  chambers  thus  formed, 
the  middle  chamber  contained  the  cooling  agent  and  the  outer  chamber  formed  an 
air-jacket. 

It  appeared  that  the  best  method  of  determining  the  temperature  of  the  box 
would  be  to  bring  it  into  direct  metallic  connexion  with  the  thick  walls  of  the 
inner  part  of  the  cooler  and  to  insert  a  platinum  resistance  thermometer  in  the 
walls. 

In  the  method  briefly  sketched  above,  the  accurate  determination  of  the  rise  in 
temperature  of  the  water  in  a  calorimeter  in  experiments  by  the  method  of 
mixtures  is  replaced  by  two  weighings.  These  weighings  must,  however,  be 
performed  with  great  accuracy,  since  the  difference  in  the  observed  weights  caused 
by  the  formation  of  ice  is  only  i^th  of  the  weight  of  ice  formed. 

The  chief  difficulties  of  the  method  are  : — 

(1)  Uncertainty  as  to  the  density  of  the  ice  owing  to  the  presence  of  air  in  the 
water. 

(2)  The  fact  that  the  water  cannot  be  stirred  during  the  process  of  weighing, 
and  that  therefore  its  temperature  begins  to  rise  above  0°  (.-.  and  the  ice  gradually 
melts. 

3.  A  New  Gauge  for  timall  Pressnrrx. 
fty  Professor  EDWARD  W    MOHLKY  and  CHARLES  F.  BRUSH. 

*The  paper  describes  two  forms  of  gauge  for  the  measurement  of  small  pressures 
of  a  gas.  It  was  especially  devised  in  order  to  measure  the  pressure  of  aqueous 
vapour.  For  this  purpose  McLeod's  gauge  cannot  easily  be  employed,  owing 
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chiefly  to  the  fact  that  the  amount  of  absorption  by  the  walls  of  the  gauge 
changes  slowly  when  the  volume  of  the  vapour  is  changed  by  the  compression 
utilised  in  that  instrument. 

In  both  forms  of  our  gauges,  a  mercurial  siphon  gauge,  having  tubes  of  five 
centimetres  diameter,  is  mounted  on  an  instrument  like  a  level-trier,  and  differ- 
ences of  level  in  the  two  sides  are,  measured  by  determining  (he  inclination  of  the 
whole  gauge  which  is  required  to  bring  the  two  surfaces  to  coincide  with  two 
fiducial  points  in  the  axes  of  the  two  arms  of  the  gauge.  From  the  measured 
inclination,  together  with  the  known  linear  distance  of  the  two  fiducial  points,  is 
computed  the  difference  of  level  of  the  two  surfaces  of  mercury. 

This  principle  (due  to  M.)  has  been  carried  out  in  t  wo  ways.  In  the  first,  the 
siphon  gauge  is  carried  on  a  kind  of  bridge,  supported  at  one  end  by  two  points 
which  rest  on  a  horizontal  plate  on  a  solid  pier ;  and,  at  the  other,  by  the  point  of 
a  micrometer  screw,  which  itself  ivsts  on  the  same  horizontal  plate.  "  In  the  axes 
of  the  two  limbs  of  this  gauge  are  two  platinum  points,  at  the  same  level.  The 
amount  of  mercury  in  the  gauge  can  be  changed  by  a  fine  adjustment. 

When  the  pressures  in  the  two  arms  of  tin*  gauge  are  the  same,  we  determine 
the  zero  reading.  The  amount  of  mercury  in  the  gauge  i*  altered  till  one  fiducial 
point  barely  touches  the  mercury,  while  the  other  creates  a  depression.  Then  the 
inclination  of  the  bridge  is  changed  till  the  two  depressions  become  equal.  Mer- 
cury is  now  removed  from  the  gauge,  when  one  depression  will  commonly  disap- 
pear before  the  other.  The  adjustment  is  repeated  till  both  depressions  disappear 
together,  or  till  both  ar«»  apparently  equal  when  made  ns  small  as  can  be  seen.  The 
reading  of  the  micrometer  screw  now  is  the  xero  reading*,  and  marks  when  the  two 
points  are  in  the  same  horizontal  plane. 

If  now  the  pressures  in  the  two  parts  of  the  gauge  become  unequal,  their 
difference  can  be  measured  by  determining  what  new  inclination  must  be  given 
to  the  bridge  and  gauge  in  order  to  bring  the  two  fiducial  points  into  coincidence 
with  the  mercury  surfaces  again.  Knowing  the  linear  distance  between  the 
fiducial  points,  we  can  compute  their  difference  of  level  in  their  new  position,  and 
so  measure  the  difference  of  pressure  between  the  two  sides  of  the  gauge. 

No  optical  appliances  are  needed  in  the  use  of  this  form  of  gauge.  The  ob- 
server, moving  his  eye  up  and  down,  causes  the  image  of  a  window  bar  to  move 
across  the  depression  in  the  mercury  made  by  the  fiducial  points.  From  the  ap- 
pearance ot'  this  image,  he  can,  even  without  the  {iid  of  a  magnifying  glass,  equalise 
the  depressions  with  a  mean  error  less  than  the  live-thousandth  part  of  a  milli- 
metre ;  after  some  practice,  of  course.  lUit  an  observation  requires  two,  three,  or 
four  minutes. 

We,  have  therefore  constructed  two  gauge?  of  a  second  form,  employing  the 
same  general  principle,  but  also  utilising  an  optical  appliance  (due  to  R)  by  which 
a  reading  is  made  as  speedily  as  is  an  ordinary  micrnmetric  reading,  while  the 
accuracy  attained  is  even  increased.  Between  the  two  arms  of  the  siphon  gauge 
with  its  wide  t  ubes  is  placed  a  pair  of  mirrors,  so  adjusted  that  the  two  fiducial 
points,  as  well  as  the  two  images  of  these  in  the  mercury,  are  seen  side  by  side  in 
the  field  of  a  microscope  carried  on  the  apparatus  and  moving  with  the  tubes  and 
mirrors.  The  surface  of  the  mercury  is  not  seen;  the  two  pairs  of  images  of  the 
points,  one  belonging  to  the  right  ami  of  the  gauge,  and  one  to  the  left,  are  par- 
tially superposed,  so  that  the  extreme  ends  of  the  points  are  perhaps  a  tenth  of  a 
millimetre  apart.  If  now  the  two  real  points  are  equidistant  from  the  surfaces  of 
the  mercury,  the  two  pairs  of  images  Avill  seem  equidistant  ;  if  not,  the  inclination 
of  the  whole  system  of  gauge,  mirrors,  and  microscope  is  changed  till  the  distance 
between  the  left-hand  pair  seems  equal  to  that  between  the  right-hand  pair.  This 
is  as  easy  as  the  bisection  of  a  point  with  the  wire  of  a  micrometer. 

Menclele'ef  found  it  necessary  to  grind  and  polish  the  external  and  internal  sur- 
faces of  the  glass  tubes  of  his  gauges,  in  order  to  eliminate  errors  due  to  irregular 
refraction  through  irregular  surfaces.  In  our  apparatus  the  points  of  the  tube 
through  which  the  fiducial  points  are  viewed  are  always  rigorously  the  same.  We 
therefore  need  only  to  secure  an  area  in  each  tube  through  which  we  can  get  suffi- 
ciently good  definition  ;  it  is  easy  to  select  such  an  area  in  the  tube  which  is  about 
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to  be  worked  at  the  lamp,  and  then  to  secure  that  the  selected  area  shall  occupy 
the  desired  position  in  the  completed  apparatus. 

To  secure  precision  many  precaution  A  were  taken.  The  construction  and 
mounting  of  the  instrument  is  much  like  that  of  an  astronomical  instrument.  A 
massive  cast-iron  standard,  designed  so  as  not  to  be  distorted  by  changes  of  tem- 
perature, rests  on  an  isolated  stone  pier;  on  it,  moving  on  trunnions  in  V-shaped 
supports  like  those  of  a  transit  instrument,  is  carried  the  plate  on  which  siphon 
gauge,  mirrors,  and  microscope  are  fixed.  The  free  surface  of  the  mercury  in  each 
arm  of  the  gauge  is  five  centimetres  in  diameter.  The  tube  connecting  them  is  two 
centimetres  in  diameter,  and  is  but  two  centimetres  bolow  the  free  surface  ;  so  that 
the  temperature  of  the  two  columns  of  mercury  shall  be  equalised  rapidly.  Good 
illumination  is  provided,  with  care  to  minimise  the  access  of  heat  to  the  mercury. 
The  pair  of  mirrors  is  provided  with  every  motion  required  to  bring  the  two  fidu- 
cial points  into  focus  at  once,  and  to  give  the  images  of  the  points  any  desirable 
position  in  the  field  of  the  microscope.  The  ends  of  the  points  are  wrought  into 
small  hemispheres.  With  all  these  precautions,  as  well  as  many  others,  we  have 
been  able  to  make  measurements  in  which  the  mean  error  of  a  single  reading  is  not 
very  much  greater  than  a  ten-thousandth  of  a  millimetre. 

4.  The  Transmission  of  Heat  through  Water  Vapour. 
Ity  CHARLES  F.  BRUSH  and  Professor  UPWARD  W.  MOULEY. 

In  the  discussion  which  was  elicited  by  the  paper  of  Mr.  Brush  on  a  new  gas 
whose  power  of  transmitting  heat  is  vastly  greater  than  that  of  hydrogen,  Sir 
William  Crookes  suggested  that  the  observed  phenomena  might  perhaps  be  due  to 
water  vapour,  and  described  experiments  which  seemed  to  '  show  that,  at  high 
vacua,  water-gas  is  a  better  conductor  of  heat  than  either  air  or  hydrogen  at  similar 
pressures/ 

Being  able  now  to  measure  small  pressures  directly,  we  have  determined  the 
rate  of  transmission  of  heat  through  water  ^apour  at  pressures  from  that  of  satura- 
tion at  0°  to  less  than  a  millionth  of  an  atmosphere.  The  three  gauges  described 
before  have  been  used  in  three  series  of  experiments  with  three  different  apparatus. 

At  low  pressures,  water  vapour  transmits  heat  more  rapidly  than  air,  but  not 
so  rapidly  as  hydrogen.  The  superiority  over  air  is  a  maximum*  at  twenty  or  thirty 
millionths  of  an  atmosphere,  and  is  not  far  from  30  per  cent.  At  sixty  oV 
eighty  millionths,  air  and  water  vapour  transmit  heat  at  the  same  rate  ;  at  higher 
pressures,  water  vapour  transmits  heut  less  rapidly  than  air  at  the  same  pressures. 
Statements  more  precise  than  these  cannot  now  be  made,  because  the  form  and 
dimensions  of  the  apparatus  used  modify  slightly  the  curves  which  represent  the 
relations  between  pressure  and  rate  of  transmitting  heat,  and  the  place  of  intersec- 
tion of  the  curves  is  therefore  uncertain. 


5.  Comparison  of  the  Constant  Volume,  mid  Constant  Pressure  Srafatt  for 
Hydroyen  between  0°  C.  and  —  1 90°  C.  Jit/  MORRIS  W.  TRAVERS,  D.Xc., 
and  GEORGE  SENTER,  B.Sc. 

The  authors  describe  a  modified  form  of  constant  volume  gas  thermometer  in 
which  the  average  temperature  of  the  stem — the  part  connecting  the  bulb  with 
the  so-called  l  dead  space ' — is  determined  from  the  readings  of  a  secondary  gas 
thermometer  the  bulb  of  which  lies  side  by  side  with  the  stem  of  the " main 
thermometer.  The  relation  between  the  two  scales  was  deduced  from  the  expan- 
sion of  hydrogen  at  constant  pressure  between  —190°  0.  and  0°  0.  The  arrange- 
ments used  to  determine  this  expansion  were  as  follows: — The  bulb  of  the 
constant  volume  thermometer  was  immersed  in  liquid  air  side  by  side  with 
another  bulb,  which  we  may  call  the  constant  pressure  bulb,  filled  with  hydrogen 
at  a  known  pressure,  the  temperature  being  deduced  from  the  readings  of  the 
constant  volume  thermometer.  The  gas  in  the  constant  pressure  bulb  was  then 
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pumped  off  and  measured  in  a  constant  volume  burette  at  a  known  temperature 
near  that  of  the  atmosphere,  the  relative  volumes  of  bulb  and  burette  being  such 
that  the  pressure  on  the  gas  in  the  constant  volume  burette  was  as  nearly  as 
possible  that  under  which  the  gas  was  confined  in  the  constant  pressure  bulb  at 
the  lower  temperature.  By  the  above  arrangement  errors  due  to  uncertainty  in 
the  temperature  of  connections,  £c.,  are  eliminated. 
The  results  are  as  follows  :  — 


Temperatures  from  constant 
volume  thermometer 


H  scalo 

83-50 
83-l<> 
H3°00 
83-07 

80-85 


Out.  scale 

-18!)-54 
-180'Sl) 
-190-01 
-  1^9-97 
-180-19 


constant  pros 
Huro  apparatus 
in 


(>42-8o 
<J8:!-70 
719-70 
790-85 
7IM-5." 


Volllm«  °f  bulb  Volnrao  coefficient  • 

of  ('(>nst:lnt  of  H  between 

|     l»r^"«;  ««-!>-  -3»0'C.and 

lwirat"8  m  *'*•  (l°  *'• 


1G-140 
1JJ-9W) 
12-990 
Hi-  140 
13-JH)8 


-0080710 
-0036714 
-003C730 
-0030730 


These  results  indicate  that  the  volume  coefficient  varies  with  the  pressure  on 
the  gas  at  the  lower  temperature,  and  if  these  values  are  plotted  it  will  be  seen 
that  the  value  of  the  coefficient  approaches  -003060  when  the  pressure  becomes 
small.  This  result  is  in  agreement  with  theory.  The  value  of  the  coefficient  at 
normal  pressure  is  -003GH7,  and  if  we  apply  this  result  to  the  calculation  of 
corresponding  temperatures  on  the  two  scales  we  find  :  — 


Temperature  on  constant-  volume  scale 
Temperature  on  constant  pressure  scale 


-  100°  C. 


6.  Note  on  the.  Variation  of  the,  Specific  Heat  of  Water.     Jly  Professor 
H.  L.  CALLEXDAK,  FJi.R.—tiw  Reports,  p.  ;'»!. 


7.   The.    Lan'fi  of  Eleetmlyxis  of  Alkali  Xalt 
WILSON,    i>,iSV.,    J/./SV,,    />,/!., 
University. 


11  y   HAIIOLD    A. 
lfnf,     Cuntbridye. 


The  method  employed  in  the  experiments  described  in  this  paper  was  the 
following:  —  A  current  of  air,  containing  a  small  amount  of  salt  solution  in 
suspension  in  the  form  of  spray,  was  passed  between  two  concentric  cylinders  of 

Slatinum  heated  in  a  gas  furnace.  These  cylinders  were  maintained  "at  a  large 
i  (Terence  of  potential  by  means  of  a  storage  battery,  and  the  current  between 
them  through  the  stream  of  air  and  salt  vapour  was  measured  at  various  tempera- 
tures and  with  different  K.M.K's. 

It  was  found  that  above  loOO°  0.  and  with  more  than  800  volts  F.D.  the 
current  through  the  salt,  vapour  became  *  saturated/  that  is,  it  was  not  increased 
appreciably  either  by  raising  the  temperature  or  increasing  the  E.M.F.  applied. 

This  saturation  current  was  measured  for  a  number  of  different  alkali  metal 
salts.  The  table  on  the  next  page  contains  the  results  obtained. 

It  will  be  seen  from  the  above  results  that  the  product  EC  is  approximately  a 
constant  for  solutions  of  the  same  concentration.  Also  EC  is  ten  times  greater 
with  solutions  of  10  grains  in  a  litre  than  with  solutions  of  1  gram  in  a  litre. 

It  follows  therefore  that  the  saturation  current  through  an  alkali  salt  vapour 
is  (1)  proportional  to  the  amount  of  any  one  salt  passing  between  the  electrodes, 
and  (2)  inversely  proportional  to  the  electrochemical  equivalent  of  the  salt 
sprayed. 

these  results  are  exactly  analogous  to  Faraday's  Laws  of  Electrolysis  for 
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Liquid  Electrolytes,  and  consequently  they  establish  the  analogy  between  con- 
duction of  electricity  by  salt  solutions  and  that  by  salt  vapours. 


Salt  in  the 
Solution 
sprayed 

Cone,  of 
Solution 
(Grms.  per 
litre) 

Electro- 
chemical 
Equivalent 
of  Salt 

(E) 

Saturation 
Current 
observed 
(C) 

EC 

CsCl 

10 

J68 

15-1    xlO~4 

2-54  x  10""  ' 

Rbl 

10 

212 

13  5       „ 

2-HG    „ 

KI 

10 

1(56 

1G-4      „ 

2-72    „ 

Nal 

10 

150 

1G-4      „ 

2-1G    „ 

CsCl 

1 

168 

1-Gi     „ 

2-70  xlO~2 

08,00, 

1 

163 

1-61     „ 

2G2    „ 

Rbl 

1 

212 

1-25    „ 

2-65    „ 

RbCl 

1 

121 

2-2  1    „ 

2-71    „ 

Rb,C03 

1 

115 

244    „ 

2-80    „ 

KI" 

1 

16G 

HHJ    „ 

2-75    „ 

KBr 

1 

119 

2-13    „ 

2-53    „ 

KF 

1 

58 

442    „ 

2-57    , 

K,CO, 

1 

09 

4-00    „ 

2-76    , 

Nal 

1 

150 

1-82    „ 

2-73    , 

NaBr 

1 

103 

2-44    „ 

2-52    , 

NaCl 

1 

59 

4-73    „ 

2-79    , 

Na2C03 

1 

53 

4-73    „ 

2-51    , 

Lil 

1 

134 

2-03    „ 

2-72    , 

LiBr 

1 

87 

3-12    „ 

2-72    , 

LiCl 

1 

43 

li-25    „ 

2-G9    , 

U,C03 

1 

37 

7-18    „ 

2-77    , 

Mean     . 

2-67 

8.  Preliminary  Note  on  the  Theory  of  the  Lippmann  Electrometer  and 
related  Phenomena.     By  F.  G.  COTTRELL. 

In  the  paper  it  is  pointed  out  that  in  the  determinations  of  single  potential 
differences  between  metals  and  solutions  of  their  salts  by  means  of  either  the 
capillary  electrometer  or  dropping  electrodes  the  assumption  has  up  to  the 
present  been  made  that  the  presence  of  a  large  amount  of  '  indifferent '  and  gooc 
conducting  electrolyte  in  uniform  concentration  throughout  effectually  prevents 
the  differences  of  concentration  of  the  metallic  ions  within  the  solution  from 
producing  any  measurable  electromotive  forces.  This  is  shown  to  be  the  case 
only— 

(1)  When  the  total  quantity  of  depolarising  agent  (usually  a  mercury  salt)  in 
the  dilute  portion  of  the  solution  (layer  next  the  mercury  in  the  capillary)  is  large 
in  comparison  to  that  used  up  at  the  electrode  during  the  measurements ;  or 
(2)  when  the  depolarising  agent  can  diffuse  from  the  concentrated  to  the  dilute 
portion  in  a  practically  undissociated  state. 

In  none  of  the  forma  of  capillary  electrometer  or  dropping  electrode  as  yet 
employed  for  quantitative  measurement  is  the  first  of  these  alternatives  satisfied 
for  such  electrolytes  as  dilute  sulphuric  or  hydrochloric  acids  or  potassium 
chloride.  It  is,  however,  for  those  (such  as  certain  strengths  of  alkaline  sulphide 
or  cyanide  solutions)  in  which  the  unpolarised  mercury  is  already  at  its  maximum 
surface  tension.  The  second  alternative  is  also  not  satisfied  by  solutions  of  the 
strong  mineral  acids  or  their  salts,  but  probably  is  by  cyanides,  and  to  Borne 
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extent  by  iodides,  Whether  the  sulphides  also  belong  here  is  harder  to  say,  but 
is  not  unlikely. 

It  has  long  been  admitted  as  one  of  the  most  vulnerable  points  in  the  theories 
of  dissociation  and  the  capillary  electric  phenomena  that  the  values  computed  for 
such  cells  as  Ilg  |  KC1  |  Na»S  |  Kg  bv  the  use  of  these  methods  for  the  terminal 
E.M.F.'s  and  Planck's  equations  for  the  liquid  contact  (KOI  |  Na.28)  do  not  agree 
with  the  values  obtained  by  direct  measurement  of  the  cell  as  a  whole.  The 
tendency  seems  to  have  been  to  regard  the  contact  Na,>S  |  Hg  as  the  disturb- 
ing element ;  but  the  views  here  presented  point  to  the  discrepancy  really  lying 
in  the  determination  of  the  value  for  Jig  |  KOI.  This,  of  course,  lias  a  direct  and 
important  bearing  on  the  value  for  the  standard  electrodes  now  in  common  use. 

The  same  considerations  serve  to  clear  up  some  of  the  discrepancies  between 
theory  and  experiment  in  the  phenomena  of  galvanic  polarisation  in  general. 

The  present  paper  is  merely  intended  to  indicate  the  line  of  reasoning  which 
has  led  up  to,  and  act  as  a  preliminary  notice  for,  a  series  of  experiments  aimed  at 
a  clearer  separation  and  measurement  of  the  individual  components  of  these 
phenomena  which  the  author  has  at  present  in  hand,  and  expects  soon  to  bring 
forward  as  basis  for  a  more  thorough  and  conclusive  treatment  of  the  whole 
subject. 

9.  Effect  of  Non- Electrolytes  on  the  Lippmann  Electrometer  Curve. 
By  J.  A.  CRAW. 


10.   Determination  of  the  Surface  Tension  of  Mercury  by  the 
Method  of  Ripples.     By  J.  A.  CRAW. 


11.   The  Potential  Differences  of  Allot rojnc  Silver. 
By  J.  A.  CRAW. 


r,   SEPTEMBER  16. 

Tho  Section  wns  divided  into  two  Departments. 

DEPARTMENT  T. — MATHEMATICS. 
The  following  Report  and  Papers  were  read  : — 

1.  Report  on  Tables  of  certain  Mathematical  Functions. 
See  Reports,  p.  54. 

2.  A  Criterion  for  the  Recognition  of  the  Irrcanlar  Points  of  Analytic 
Functions.     By  Professor  MITTAG-LEFFLER,  Foreign  Member  R.S. 

Let  c0  +  ct(>  —  0)  +  c.2(.r —  «)•+...  be  a  lower  series,  and  let  us  make  the 
analytical  continuation  of  this  series  along  the  line  L,  which  starts  from  «.  The 
paper  dealt  with  the  problem  of  finding  a  criterion  which  will  determine  the 
first  singular  point  a:  upon  L,  which  is  found  on  proceeding  from  a  towards 
infinity. 

The  condition  found  was  as  follows : — 

Denote  by  c  and  6"  two  positive  quantities  less  than  unity,  and  by 
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constants  defined  by  the  formula 


Then  the  necessary  and  sufficient  condition  that  .r  be  the  first  singular  point  on 
L  as  we  go  from  a  to  infinity  is  that  the  inequality 


holds  independently  of  a,  however  small  f  may  be,  for  an  infinite  number  of  values 
of  n  ;  while  the  inequality 


holds  for  all  sufficiently  large  values  of  n  where  we  take  a  first  and  then   c 
sufficiently  small. 

3.  Poincare's  Pear-shaped  Figure  oj  Equilibrium  of  Rotating  Liquid. 
hy  G.  H.  DARWIN,  F.R.S. 

Ellipsoidal  harmonic  analysis  has  usually  been  presented  in  such  a  form  as  to 
make  numerical  calculation  almost  impossible,  but  the  author  believes  that  he  has 
succeeded  in  removing  this  defect  in  a  paper  for  the  '  Philosophical  Transactions,' 
now  in  the  press.  By  aid  of  the  methods  of  that  paper  the  limit  of  stability 
of  Jacobi's  ellipsoid  becomes  calculable.  According  to  the  principles  established 
by  M.  Poincare*,  stability  ceases  when  we  arrive  at  a  stage  where  a  coefficient  of 
stability  vanishes,  and  where  there  is  interchange  of  stabilities  between  two 
coalescent  series  of  figures.  The  figure  which  coalesces  with  the  Jacobian  at 
this  point  is  the  pear-shaped  figure  sketched  by  Poincaro*.  No  attempt  it*  mude 
in  this  paper  to  indicate  the  methods  pursued,  but  results  will  merely  be  given.1 

If  G>  denotes  the  angular  velocity  of  an  ellipsoid  of  liquid,  and  p  the  density,  it 

is  well  known  that  bifurcation  of  the  Maclaurin  ellipsoid  occurs  when  °*-~  =  -1871, 

2rrp 

and  when  a  number  p.  to  which  the  moment  of  momentum  is  proportional  is 
•30375.2 

One  of  the  equatorial  axes  then  begins  to  elongate,  and  the  other  to  shorten,  as 
the  angular  velocity  diminishes  and  the  moment  of  momentum  increases.  These 
ellipsoidal  figures  with  three  unequal  axes  are  the  Jacobian  ellipsoids. 

The  problem  to  be  solved  is  to  find  when  a  coefficient  of  stability  in  the 
Jacobian  series  first  vanishes,  and  to  determine  the  nature  of  the  figure  which 
coalesces  with  the  Jacobian, 

If  the  phraseology  of  spherical  harmonic  analysis  be  adopted,  it  is  found  con- 
venient to  take  as  the  principal  axis  of  quasi-syinmetry  for  the  ellipsoidal 
harmonics  the  longest  axis  of  the  Jacobian  ellipsoid.  Then  it  appears  that  the 
first  to  vanish  of  the  coefficients  of  stability  is  that  corresponding  to  the  third 
zonal  harmonic. 

The  following  short  table  gives  the  leading  facts  concerning  the  Jacobian 
ellipsoids  as  far  as  just  beyond  their  instability.  The  last  line  in  the  table  gives 
the  corresponding  facts  as  to  the  critical  Jacobian,  which  is  a  figure  of  bifurcation. 
The  axes  of  the  ellipsoids  a,  b,  c  are  given  in  such  a  form  that  their  product  ale  is 

1  A  paper  giving  the  details  of  the  investigation  was  presented  to  the  Royal 
Society  in  October  1901. 

*  See  Proc,  fi.S.,  vol.  xli.  p.  319. 
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equal  to  unity.    The  function  /*  was  referred  to  above,  and  exhibits  the  increase  of 
moment  of  momentum,  whilst  the  angular  velocity  falls. 


a 

& 

|        . 

i 

1             2irp 

i                A* 

•6977 
•696 
•0916 
•6765 
•6494 

1-1972 
1-123 
1-0454 
•9235 
•8111 

1-1972 
1-279 
1-3831 
i         1-6007 
1-899 

!          -1K71 
•1S6 
•1812 
I          -1(559 
i          -1409 

•30375 
•306 

•;ii;u 
•3407 
•3920 

•65066 


•K1498 


1-88583 


•14200 


•3S957 


In  the  figure  the  dotted  line  shows  the  three  principal  sectiona  of  the  critical 
Jacob  i  an  and  the  full  line  shows  the  pear-shaped  figure,  the  amount  of  departure 
from  the  ellipsoid  being,  of  course,  drawn  on  an  arbitrary  scale. 

The  reader  who  compares  the  figure  of  the  critical  Jacob! an  defined  in  the 
last  line  of  the  table  and  shown  in  the  iijyure  with  Poincaro's  sketch  will  perceive 
that  it  is  considerably  longer  than  he  had  supposed.  The  resemblance  of  the  new 
figure  to  a  pear  is  also  much  less  remarkable  than  in  the  conjectural  sketch. 


OA  «  -00000,  OB  -  -81498,  GO  -  1-88583 ; 
»*-. 75806,  «g-788l» 


M  C 

14l>00 


4.  The  Simple  Pendtdum  without  Approximation. 
By  Professor  A.  G.  GKEKNTULL,  F.ft.tf. 


5.  Spherical  Trigonometry. 
By  Professor  A.  G.  GRRKNIIILL,  F.I\\8.9  and  C.  VERNON  BOYS,  F.R.S. 


6.   On  the  Partition  of  Series  each  Term  of  wh  ich  is  a  Product  oj 
Quantics.     By  Major  P.  A.  MACMAHON,  F.R.S. 

002 
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7.  On  Idoneal  Numbers. 
By  Lt.-Col.  ALLAN  CUNNINGHAM,  R.E.,  and  the  Rev.  J.  CULLEN,  S.J. 

About  the  year  1778  Euler  discovered  the  existence  of  a  class  of  positive 
numbers  (mri)9  such  that  if  an  odd  number  N  be  expressible  in  only  one  way  in  the 
form  (mx*  *  ny*)  [with  m.r  prime  to  ny]  or  (.r  •*•  mny'1)  [with  ,t§  prime  to  mny"]9 
then  N  is  either  a  prime  or  the  square  of  a  primp.  These  numbers  he  styled  numeri 
idonei  from  their  special  fitness  to  aid  in  the  detection  of  high  primes.  lie  gave 
rules  fov  their  discovery,  and  actually  discovered  sixty-five  of  them,  the  largest 
being  1848,  and  stated  that  there  are  no  more  >  1,848  but  <  10,000.  The  joint 
authors  have  recently  extended  their  search  up  to  101, '220  by  a  sort  of  graphic 
process  of  solving  simultaneous  linear  congruences  (invented  by  the  Hev.  J.  Cullen), 
with  the  result  that  no  more  such  numbers  exist  >  1,848,  but  <  101,^0.  (The 
whole  of  the  work  ending  in  this  result,  has  been  done  independently  by  each  of 
the  joint  authors.) 

As  to  the  forms  (»i.v3  ^  ny**),  (.r3  <^mny°)  mere  automorphs  of  the  same  form, 
i.e.,  products  of  the  form  by  its  unit-form  r2  —  tntiv*  =  1.  are  not  to  be  considered 
as  distinct  forms.  With  this  proviso  it  is  found  that  negative  idoneals  ( -  mn) 
are  very  numerous.  Gauss's  tables  show  that,  excluding  squares,  all  but  thirty- 
five  of  the  numbers  <  #28  yield  negative  idoneals.  Also  the  authors  find  that  all 
the  known  positive  idoneals  (except  37)  are  also  npyative  idoneals. 

Several  new  theorems  on  quadratic  forms  whose  determinant  is  an  idoneal 
were  announced. 

As  an  application  all  the  odd  numbers  of  form  (.1*  +  1848?^),  wherein  .r  is 
prime  to  1 848  y,  from  10,000,000  to  10,100,000.  have  been  examined;  the  189 
numbers  shown  below  were  found  to  be  expressible  in  only  one  way  in  that  form, 
and  (squares  having  been  excluded)  are  therefore  all  Primes. 

[This  work  was  done  by  two  computers  independently  under  Colonel  Cunning- 
bams  supervision.] 
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8.  Determination  of  Successive  High  Primes.     (Second  Paper*) 
By  Lt.-Col.  ALLAN  CUNNINGHAM,  R.E.,  and  H.  J.  WOODALL,  A.K.C.Sc. 

A  general  method  was  previously  explained  of  determining,  in  a  compendious 
manner,  the  whole  of  the  primes  within  a  given  range.  Tables  have  now  been 
prepared  showing  the  lowest  factors  (>  5)  of  all  the  numbers  between  (2r>  ?  1020), 
i.e.,  between  33,553,412  and  33,555,452,  thus  bringing  them  all  within  the  power 
of  the  existing  large  factor-tables.  Hereby  are  detected  the  whole  of  the  High 
Primes  (128  in  number)  within  that  range,  and  also  the  rrhole  of  the  Secondary 
High  Primes  (45  in  number)  contained  as  factors  of  the  numbers  within  that 
range.  [The  whole  of  the  work  required  has  been  done  by  each  of  the  joint 
authors  independently.] 

There  is  a  long  sequence  of  73  composite  numbers  between  33,554,393  and 
33,554,407,  and  one  of  61  composites  between  11,181,889  and  11,184,041. 

List  o/128  Iliyh  Prime*  between  (2-'  T-  1020). 
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9.   The  Equation  of  tircular 
tty  T.  J.  1'A.  BROMWICII,  St.  John's  Colley?,  Cambridge. 

The  theory  of  the  mean  motion  of  the  perihelion  and  node  of  a  planet's  orbit 
was  proved  by  Laplace  to  depend  on  a  certain  deterniinantul  equation  of  degree 
equal  to  the  number  of  planets  considered,  A  paper  has  recently  been  published 
by  (A  V.  L.  (Miarlier  (M)fversigt  af  kongl.  Yet.-Akad.  Forhandlingar,'  Stockholm, 
1900,  p.  1083)  in  which  he  considers  the  question  of  equal  roots  in  this  equation  ; 
the  case  of  equal  roots  was  regarded  by  Laplace  as  unstable.  Charlier  remarks 
that  Weierstrass  had  proved  ('  Berliner  Monatsberichte/  1838,  p.  207,  or  'Ges. 
Werke,'  lid.  i.  p.  U33)  that  the  equation  (of  the  same  form)  which  appears  in  the 
theory  of  small  oscillations  about  a  position  of  equilibrium  does  not  lead  to 
instability  if  equal  roots  are  present ;  but  apparently  he  regards  Weierstrassfs 
investigation  as  not  sullicient  to  apply  in  the  more  general  problem  of  astronomy. 
Charlier  then  considers  the  astronomical  case,  in  Weierstrass's  way;,  supposing  that 
equal  roots  do  appear  in  Laplace's  equation ;  but  the  astronomical  case  may  be 
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considered  as  covered  by  Routh V  and  Weierstrass's 2  investigations  as  to  tlie 
stability  of  a  state  of  steady  motion. 

Amongst  other  results,  Charlier  finds  a  method  for  reducing  the  disturbing 
function  to  a  canonical  form.  As  I  have  recently  indicated 3  a  process  for  the 
reduction  in  the  more  general  case  of  any  steady  motion,  it  may  be  worth  while  to 
show  how  my  method  is  simplified  in  Charlier's  case.  Using  the  notation  of  my 
own  paper,  Charlier's  disturbing  function  is  given  by  writing  £,-,  =  (),  c  -arnj 
so  that 

II2  -  $2a,8  d'r  xt  +  J~#n,  fr  £»  (r,  s  - 1,  2,  .  .  ,,  n) 

where 

ars^a 

and  the  equations  of  motion  are 

d.r,  _ 3ll>     d£r  _  _ 3H2 

(It  "  3f ,  '     dt  "      clr,. 

Then  the  determinant  which  I  employ  is 

I  «,„  «,„,  .  ,  .,  «71M,  -  ^      0,  .  .  .,  0        -0 
\  a,     a~       .       a          0    —  u   ...    0 

I  «.„«»„  .  .  .,  «„„,  0,  0,  .  .  .,  -M] 
I  M>  0,  .  .  .,  0,  (Tn,  a,,,  .  .  .,  «,„  : 
j  0,  ft,  .  .  .,  0,  «_,„  o,,,  .  .  .,  a,  ' 

0,      0,  .  .  .,     M,    «,„    «„„  .  .  .,  am    ! 
which  is  readily  reduced  to  the  form 

!  /„+/!-•,  /,, ,/m  "0 


where  /",«  =  #,//',,  +  w,.,^,,  +  .  .  .  +  f(rHfrn<,  so  that  fn-f  •  It  follows  by  a 
theorem  due  to  Frobemus 4  that  the  values  of  /LT  are  equal  to  those  of  -X-,  where 
X  is  a  root  of  the  equation 

'     n-A,        an,  .  .  .,  rv         '-0 

//I,  "//.,    ..M    "HH  -X 

By  another  theorem  due  to  Frobenius,  the  invariant  factors  of  the  equation 
in  fj,  are  linear,  as  a  consequence  of  the  linearity  of  those  of  the  equation  in  X 
That  the  latter  are  linear  was  proved  by  Weierstrass  (/.c.)  ('  Berliner  Monats- 
berichte,' 1838,  p.  216;  1868,  p.  336).  It  follows  that  if  X-  a,,  n,,  ...,<!„  are 
the  (real)  roots  of  the  equation  in  X  ;  then  /^--  +«a,,  ±ia.2J  .  .  .,  ±ian  are  the 
roots  of  the  equation  in  p  (of  which  any  number  may  be  equal) ;  and  so  the 
method  of  §  3  of  my  paper  already  quoted  can  be  applied  to  bring  IL  to  the  form 

tea.r/f/  (r»l,2, .  .  ,,w) 

the  canonical  equations  of  motion  being  unaltered,    In  this  form  the  reality  of 

1  Adams  Prize  E^ay,  1877,  Stability  of  Motion  ;    cf.  Thomson  and  Tait,  Natural 
Philosophy,  art  343  m. 

2  Berliner  Hfonatsberichte,  1879,  p.  430. 

3  Proc.  Lond.  Math.  Soc.,  vol.  xxxii.  1900,  p.  197  (see  also  p.  325). 

1  Crelle's  Journal  f.  d.  Math.,  Bd.  Ixxxiv.  1878,  p,  1  (see  p.  11,  Sato  iii.  and  p.  25, 
Satz  v.) 


TRANSACTIONS  OP  SECTION  A.  555 

the  results  is  not  easily  seen,  and  so  we  may  use  the  equivalent  form  (given  on 
p.  216  of  my  paper) 

JSal(.i-Y-*r.O 

which  is  Charter's  form.  It  is  perhaps  worth  while  to  remark  that  Jordan's 
method  ]  can  be  applied  in  this  case,  and  without  the  use  of  imaginary  quan-* 
tities. 

10.  The  Pniseux  Diagram  and  Differential  Equation*.* 
Ry  11.  W.  H.  T.  HUDSON,  II.  A,  Fellow  of  fit.  John's  College,  Cambridge. 

The  paper  is  concerned  with  the  approximate  solution  of  ordinary  differential 
equations  in  the  neighbourhood  of  singular  points,  and  commences  with  a  brief 
description  of  the  method  of  using  a  diagram  of  unit  points  (squared  paper) 
similar  to  that  introduced  by  Puiseux  for  the  case  of  algebraic  functions.  This 
method,  which  was  first  applied  to  differential  equations  by  Briot  and  Bouquet, 
and  extended  by  Fine,  is  snown  to  be  capable  of  supplying  information  as  lo  the 
existence  of  infinitudes  of  non-regular  integrals  which  are  usually  obtained  by 
purely  analytical  processes.  The  essential  thing  to  notice  is  that  a  first  approxi- 
mation to  a  solution  may  be  obtained,  not  only  from  a  side  of  the  <  polygon/  but  also 
from  a  corner,  provided  that  the  corner  arise  as  a  marked  point  from  two  or  more 
terms  in  the  dinerertial  equation,  and  two  inequalities  be  satisfied,  expn  **in^  a  cer- 
tain geometrical  condition.  The  case  of  a  differential  equation  of  the  first  order 
and  a  point  on  the  discriminant  locus  at  which  the  integral  curves  have  not  a  cusp 
is  a  good  example,  and  shows  the  existence  of  a  nvcud  may  be  predicted  from  an 
inspection  of  the  diagram.  The  case  of  solutions  in  series  which  at  some  sta<re 
introduce  logarithms  is  shown  also  to  depend  on  corner  points  arising  from  more 
than  one  terra. 

11.   The  Fourier  Problem  of  (he  Steady  Temperatures  in  a  thin  Rod. 
By  JAMES  W.  PECK. 

The  solution  v  «  V  p\p  j  —  ,r     /^  \  is  considered  from  the  point  of  view  of  the 

isothermals  and  tubes  of  flow.  The  result  so  got  appears  to  contradict  the  initial 
hypothesis  of  lateral  radiation  ;  and  it  is  pointed  out  that  the  difficulty  cannot  be 
evaded  by  considering  the  radiation  negligible,  for  this  nullifies  the  initially  chosen 
equation  of  heat-flow.  Explanation  is  found  in  the  approximate  nature  of  the 
solution,  and  two  necessary  conditions  of  the  approximation  are  worked  out  as 
follows:  defining  the  ratio  o  :  /•*  as  the  thermal  length  modulus  (L)  —  also 
specified  physically  ---and  taking  a  as  the  radius  and  /  the  length  of  the  rod,  wo 

must  have  (i.)  the  ratio  "  :  L  small  ;  (ii.)  the  ratio     /^  :  I  small.    For  experi- 


mental purposes  the  first  ratio  should  not  exceed  ^J^,  but,  the  second  need  only 
bo  smaller  than  about  }.  Illustrations  of  the  neglect  of  these.  conditions  nre 
drawn  from  the  experiments  of  Despretz  and  of  Wiedemnnn  and  Franz.  Numerical 
values  of  L  are  givon  for  a  range  of  substances,  and  the  limits  between  which  the 
Fourier  result  is  applicable  are  pointed  out.  A  solution  having  a  higher  degree 
of  approximation  tnan  the  Fourier  result  is  then  derived  from  the  Bessel  function 
solution,  viz. 


'VF\  o 
"8LX'"€ 


X,VA  1 
"     4   JJ 


1  Liouville'rt  Journal  fc  Math.  (2),  t.  xix,  1874,  p.  :*5  (§§  5-8).  References 
to  Kronecker's  methods  of  reduction  and  to  other  methods  will  be  found  in  my  paper 
already  quoted. 

•  The  paper  is  published  in  the  Proceediiigs  of  the  London,  Mathematical  Society  ', 
vol.  xxx  iv. 
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and  it  is  shown  that  the  isothermals  may  in  certain  defined  cases  bo  taken  as  the 
axial  paraboloids  of  revolution 


ra  -  -  2  v^Lo>  +  v^  log,  4L»/(4L 
and  the  lines  of  flow  as  the  logarithmic  curves 


Drawings  of  the  curves  and  numerical  examples  are  given  in  illustration  of 
these  results. 


12.  Note  on  the  Potential  of  a  Surface  Distribution. 
By  T.  J.  FA.  BROMWICH,  St.  John's  College,  Cambridge. 

The  problem  is  the  determination  of  the  discontinuities  (at  the  surface)  of  the 
second  differential  coefficients  of  the  potential  ;  the  results  are  familiar,  but  the 
method  seems  easier  than  any  other  I  am  acquainted  with.  The  same  method 
has  been  used  by  Weingarten  ('  Acta  Mathematical  Bd.  x.  1887,  p.  303  ;  '  Archiv 
d.  Math.  u.Phys.'  (3),  Bd.  i.  1901,  p.  27)  to  iind  the  discontinuities  in  the  second 
differential  coefficients  of  the  potential  of  an  attracting  mass  at  the  boundary  of 
the  space  which  it  occupies  j  also  for  some  kinematical  conclusions  in  connection 
with  vortex  motion. 

Take  the  origin  on  the  surface  at  an  ordinary  point  of  the  surface  and  let  the 
axis  of  z  be  normal  to  the  surface.  If  the  surface  is  closed  the  positive  direction 
of  z  will  be  from  the  inside  towards  the  outside  of  the  surface  ;  if  the  surface  is 
not  closed  the  direction  of  z  can  be  taken  arbitrarily.  The  side  for  which  z  is 
positive  will  be  denoted  by  the  suffix  0,  the  other  side  by  the  suffix  1.  The 
equation  to  the  surface  then  takes  the  form  (near  the  origin) 

z  =  \  (ax"  +  2hxy  +  by~)  +    .  .  . 

Let  cr  be  the  surface  density  at  (>r,  //,  z),  supposed  to  be  finite,  continuous,  and 
differentiable,  and  let  s  be  the  value  of  o-  at  the  origin,  s^  sy,  *s  being  the  first 
differential  coefficients  there.  Then  we  may  write 


where  r*  -  x"  +  y~  +  s2 

and  €  may  be  made  as  small  as  we  please  by  sufficiently  diminishing1  r. 

The  potentials  on  the  two  sides  of  the  surface  are  denoted  by  V0,  Vi,  and  we 

write 

«"  W'-T  '  ""  -  VJ-^'  ^  -  V?'  -?T  '  &c' 

ox       ox  d.t-2      3.r-  dtvy    v.rdy 

where  the  values  of  the  differential  coefficients  are  to  be  taken  at  the  oricrin. 
Thus 

8v,    8v0 
9  1     "9a  ~  HZ  +  XUjif  +  yttty  *  Zlt*'  f  f  'r' 

where  the  quantities  «'  may  be  made  as  small  as  we  please  by  sufficiently  dimi- 
nishing /•. 

But  at  points  on  the  given  surface 


s^J(<u-*  +  2&i-y  +  fy*;  +   .  .  . 
and  so  we  may  write 

«r-» +.M  +>»  +,'v '?Yi-?y.?-tt  «,    „    "v  & 

x     y  V  j  -n-        -j\  /:      .  Uxx+yU^y      fj,),     'C. 
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Now,  by  the  theory  of  the  potential  of  a  surface  density,  as  given  in  the  ordinary 
books  on  potential, 

9v,    8V0    -    7  3v,    3v0    ,        3v,    3v0 

„    >  —       V  =  47Tcr/,    rs  '  —  -vy  -  —  'inam,  -/*--  —  -,%- 
df      dr  dy      Cy  ds       os 

where  /,  m,  n  are  the  direction  cosines  jf  the  normal  to  the  surface  (drawn  from 
the  side  s<0  towards  the  side  z 


Here  we  may  write 

/  =  —  (jax  +  hij)  4-  6^',      m  -  —  (/LV  4  fy/)  4  f  j,r,      ?i  =  1  4  f  .  r, 
and  so  we  have 

j;  -f  ^w  4-  «"/')[  ~  (a-1'  +  ty)  +  €*r 
j;  +  //^  +  e"r)[  —  (At1  4-  ^//)  4  €y 
U;  +  .f//,  .  4-  //W^;  4  e'."r  =  4?r(s  4  ,?  -^  4-  y/?y  4  f  '  V)[l  4  f  ;r  j 


As  these  hold  for  «//  values  of  a*,  y,  for  which  r  is  le&s  than  some  assignable 
Quantity,  we  have  the  results 


(a  4  />)>'      ,      ltry=  --  47T/IS 

where  the  value  of  u;:  is  determined  by  the  fact  that 

Wrr  +  Uyy  4  ?/    =  (V'^'i  "•  V  *  V  )  at  the  origin 

*  -0 

Since  a  +  b-  -    4 

Pi      P^ 

where  pp  /;^  are  the  principal  radii  of  curvature  of  the  surface,  it  follows  that 


is  independent  of  the  directions  of  the  axes  of  .r,  y,  as  might  be  expected.     A 


allowance  is  made  for  the  simplification  introduced  by  using  the  axes  selected 
above. 

13.   The  Applications  of  Fourier's  Series  to  Mathematical  Physics. 
Jly  H.  S.  CARSLAW,  D.Sc. 

In  the  problem  of  conduction  of  heat  when  the   solution  is  given  by  the 
infinite  series 


whero 

-  cir 
an   —  ~  I*  /CO  s^n  nv  djc'9 

7T  Jo 

the  presence  of  the  factor  e~Kn21   preserves  the  convergency  of  the  series  when 
diflerentiated  term  by  term. 

In    the    problems  of  transverse  vibrations  of  strings  where  the  solution  is 
given  by 
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this  convergency  factor  is  not  present.    The  paper  called  attention  to  two  matters 
connected  with  this  solution  : — 

(1)  The  series  which  are  used — when  the  string  starts  from  a  position  of  rest 
with  sharp  corners — is  not  capable  of  differentiation  twice  with  regard  to  &  and  t. 

(2)  The  equation  -— ^   -   cr(  '^,  being  obtained  on  the  assumption  that  the 

string  forms  a  curve  without  sharp  corners,  cannot  without  discussion  be  applied 
to  these  cases. 


DEPARTMENT  II. — PHYSICS. 

The  following  Reports  and  Papers  were  read : — 

L  Report  on  Underground  Temperature. — See  Reports,  p.  64, 

2.  Report  on  Seismological  Investigation. — See  Reports,  p.  40. 


3.  On  the  Seasonal  Variation  of  the  A/mosjrfm'ir  Temperature  of  the 
Jlritish  Isles  and  its  Relation  to  Wind-direction,  /it/  W.  N.  SHAW, 
M.A.,  F.JR.&,  and  R.  WALEY  COHEN,  Jt.A.1 

If  the  twenty-five-year  means  of  temperature  for  each  day  of  the  year  at  the 
four  principal  stations  of  the  British  M--t- •«»r'»li»uri<1»  1  Office  be  plotted  the  curves 
do  not  exhibit  a  smooth  run,  but  sho\\  a  MIIIIIIMT  of  im  L'iilnritio.1  -ofUiii  of  con- 
siderable magnitude.  Jt  is  thus  difficult  to  assign  any  specific  number  as  the 
normal  mean  temperature  for  a  particular  day,  and  the  immediate  object  of  the 
work  described  below  was  to  obtain  a  smooth  curve  to  which  the  actual  observed 
temperature  of  any  day  might  be  referred  and  to  study  its  characteristics.  The 
curves  of  actual  daily  means  were  first  compared  with  simple  harmonic  curves 
having  an  annual  period,  a  maximum  about  July2J,nnd  the  same  area  as  the 
irregular  curves.  The  comparison  at  once  disclosed  a  lag  of  spring  and  an 
acceleration  of  autumn,  and  a  corresponding  exaggeration  of  tho  summer 
maximum  and  moderation  of  the  winter  minimum.  These  features,  being 
essentially  characteristic  of  the  combination  of  a  h'rst  and  second  order  sine 
curve  with  a  maximum  at  the  same  epoch,  suggested  the  idea  of  combining 
two  such  curves  to  obtain  a  normal  curve;  of  reference.  These  combined  curves 
give  very  satisfactory  smoothed  curves  for  the  whole  year  for  each  station,  and 
show  that  the  periodic;  variations  of  atmospheric  temperature  at  Kew  may  be 
very  approximately  represented  by  the  summation  of  two  effects,  one  of  which 
corresponds  to  a  sine  curve  with  an  annual  period  and  an  amplitude  of  32°*04  F. 
and  the  other  to  a  sine  curve  with  a  semi-annual  period  and  an  amplitude  of 
1°'4  F.  Similar  statements  with  similar  numerical  magnitudes  are  true  of  the 
other  stations.  This  result  has  been  confirmed  analytically. 

The  curves  of  daily  mean  atmospheric  temperature  have  been  harmonically 
analysed  for  each  of  the  stations,  and  the  values  of  the  harmonic  coefficients 
have  been  determined  in  the  Meteorological  Office  by  means  of  Sir  R.  Strachey'fi 
formula.-  In  each  case  there  is  a  second  order  curve  whose  amplitude  is  about 
one-eighth  of  that  of  the  first  order,  and  the  amplitudes  of  the  curves  of  higher 
order  are  so  small  as  to  be  negligible.  The  first  order  curve  has  a  maximum  at  a 
date  which  varies  at  the  four  stations  from  July  23  to  August  1,  and  the  second 
order  curve  has  maxima  which  vary  from  January  28  to  February  3,  and  July  30 

1  See  Proc.  Royal  Soc. 

2  Proc.  Royal  Soc.,  vol.  xlii.  pp.  61-79. 
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to  August  6  respectively,  and  minima  about  the  end  of  April  and  October 
respectively. 

Assuming  the  first  order  curve  to  represent  the  primary  solar  effect,  the 
purpose  of  this  investigation  has  been  to  ascertain  the  nature  and  cause  of  the 
second  order  effect. 

Analysis  of  the  temperature  at  Vienna  shows  that  it  does  not  exist  there  either 
to  the  same  extent  or  at  the  same  epoch.  At  Agra  there  is  a  second  order  effect 
of  considerable  magnitude,  but  at  an  entirely  different  epoch,  and  hence  in  no  way 
analogous  to  the  effect  in  the  British  Isles.  The  effect  is  thus  shown  to  be 
motonrolnjricnl  and  not  planetary. 

Tip1  rlfeei  was  first  studied  for  Kew.  Its  cause  was  sought  in  the  effects  and 
relative  frequency  of  occurrence  of  cyclonic  and  anticyclonic  weather.  For  this 
purpose  the  mean  temperatures  of  cyclonic  days  for  each  month  throughout  the 
year  during  the  five  years  1876- 1880,  and  of  anticyclonic  days  during  the  same 
period,  were  separately  calculated,  and  curves  were  plotted  whose  ordinates  are 
proportional  to  the  difference  between  these  values  and  the  mean  of  the  ordinates 
of  the  first  order  curve  for  each  month.  .Both  these  curves  show  the  main 
characteristics  of  the  second  order  curve,  and  the  curve  of  difference  of  tempera- 
ture between  cyclonic  and  anti cyclonic  weather  shows  no  sign  of  it.  Moreover, 
by  multiplying  the  percentage  of  difference  of  frequency  of  cyclonic  and 
anticyclonic  weather  for  each  month  by  the  difference  in  temperature,  the  total 
effect  of  type  of  weather  on  temperature  is  obtained,  and  its  curve  shows  that  it 
does  not  in  any  respect  resemble  the  second  order  effect.  It  is  concluded  that 
although  the  second  order  effect  has  a  meteorological  origin  the  type  of  the  weather 
plays  no  part  in  causing  it. 

The  effect  of  wind  direction  was  next  examined  for  the  nine-year  period 
1 870- 1884.  The  mean  temperatures  of  the  air  during  the  prevalence  of  barometric 
gradients  towards  each  of  eight  points  of  the  compa^  in  each  mouth  were 
separately  calculated,  and  curves  of  divergence  from  the  first  harmonic  component 
were  drawn  for  each  wind  (taken  as  being  at  right  angles  to  the  gradient)  in  the 
same  way  as  for  the  cyclonic  and  anticyclonic  curves.  Kach  of  these  curves  shows 
at  least  some  characteristic  of  the  second  order  curve  ;  but  on  summing  them  all 
together  a  curve  is  obtained  which  differs  somewhat  from  the  total  curve  of 
divergence  from  first  order  curve  values. 

The  effect  is  largely  accounted  for  as  the  combined  effect  of  the.  seasonal 
variations  in  temperature  of  the  several  wind-*,  and  when  this  part  is  eliminated 
the  remainder  must  be  attributed  to  the  relative  frequency  of  winds  of  different 
temperature.  To  show  this  more  clearly  the  winds  were  grouped  together.  The 
mean  temperature  divergence  of  fast  winds  is  —3°'l  F. ;  of  north-east  winds 
—  40>OF. ;  and  of  north  winds  —  tt°-5  F.  Theae  winds  were  grouped  as  'cold' 
winds.  Similarly  the  north-west,  and  south-east  winds,  whose  mean  diver- 
gences are  only  —  Ou<6  F,  and  —  0°*7  F.  respectively,  were  grouped  as  '  temperate  ' 
winds,  and  the  west,  south-west,  and  south  winds,  whose  mean  divergences  are 
+  1°'7  F.,  +  kJ°*2  F.,  and  +4J0io  F.  respectively,  were  grouped  as  *  warm  '  winds. 
Temperature  curves  were  drawn  for  each  of  these  groups  analogous  to  the  curves 
for  the  separate  winds.  Kach  curve  again  shows  a  general  resemblance  to  the 
second  order  curve,  but  it  is  noticeable  that  the  October-November  minimum  ia 
especially  prominent,  in  the  curve  for  the  temperate  winds.  The  mean  frequencies 
of  occurrence  of  these  groups  in  each  month  during  the  nine  years  were  also 
calculated  and  expressed  as  a  percentage  of  the  total  number  of  days  ;  the  results 
were  plotted  on  curves  whose  ordinates  are  proportional  to  these  percentage 
frequencies. 

The  frequency  curve  for  'cold'  winds  shows  a  very  remarkable  maximum 
frequency  in  May  and  a  small  maximum  in  November. 

The  frequency  curve  for  warm  winds  shows  minima  at  these  times  and 
maxima  in  February  and  August,  and  the  frequency  curve  for  temperate  winds, 
which  become  distinctly  colder  in  October-November,  shows  a  very  high  maximum 
at  the  end  of  October.  At  that  time  the  temperature  of  these  winds  is  much  below 
the  average  relative  value,  and  thus  the  small  maximum  of  the  curve  of  the  cold 
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winds  at  that  time  is  reinforced  by  the  seasonal  coldness  of  the  more  prevalent 
winds. 

As  an  example  of  the  results  derived  from  the  inquiry  it  may  be  mentioned 
that  the  minimum  of  the  second  order  effect  at  the  end  of  April  may  be  attributed 
to  the  relative  frequency  of  '  cold '  winds  and  the  relative  coldness  of  ail  winds  at 
that  period,  while  the  corresponding  minimum  at  the  end  of  October  must  be 
assigned  to  the  relative  frequency  of  ' temperate'  winds  and  the  comparative 
coldness  of  those  winds  at  that  time  of  the  year. 

The  second  order  etl'ect  is  apparent  in  a  single  year's  observations,  and  has,  with 
few  exceptions,  a  larger  amplitude  in  the  analysis  of  the  temperature  curve  of  a 
single  year  than  in  that  of  a  mean  curve  of  a  number  of  years.  The  amplitude  for 
a  single  year  may  be  as  much  as  3°,  or  a  quarter  of  the  amplitude  of  the  whole 
annual  variation. 

A  similar  effect  is  found  in  the  variation  of  magnitude  of  the  barometric 
gradient  between  London  and  Valencia,  and  London  and  Aberdeen.  It  is 
probable  that  this  periodic  variation  in  pressure  plays  some  part  in  causing  the 
similar  variation  in  temperature. 

A  similar  effect  is  aJM>  found  in  the  temperature  variation  of  the  sea  water  at 
stations  surrounding  these  inland?,  and  the  atmospheric  elfect  is  probably  con- 
nected with  this. 


4.   On  the  Effect  of  Sea  Temperature  upon  the  Seasonal   Variation  of  Air 
Temperature  of  the  British  Idea,     fly  W.  N.  SHAW,  M.A.,  F.H.S.1 

The  paper  describes  an  attempt  to  utilise  the  mode  of  geometrical  composition 
and  resolution  of  sine  curves  of  the  same  period  to  resolve  the  principal  seasonal 
variations  of  temperature  at  a  station  into  constituents,  which  may  be  called  the 
primary  solar  constituent,  and  the  constituent  due  to  the  surroundings  of  land 
and  sea  respectively. 

The  analysis  of  atmospheric  temperature  shows  that  there  is  a  considerable 
lag  in  the  occurrence  of  the  seasonal  variations  of  temperature  at  coast  stations  as 
compared  with  inland  stations,  and  a  still  greater  lag  in  the  variations  of 
temperature  in  the  sea  itself. 

The  variation  in  sea  temperature  i.s  regarded  as  a  periodic  cause  of  variation 
of  atmospheric  temperature  at  coast  stations,  the  effect  of  which  is  periodic  in  the 
same  period,  and  may  be  compounded  with  the  primary  solar  effect  to  give  the 
resultant  seasonal  variation. 

The  effects  of  these  curves  of  equal  period  may  be  represented  in  magnitude  by 
the  numerical  value  of  the  amplitudes  of  the  first  order  curves  of  the  respective 
temperature  variations,  and  they  may  be  compounded  geometrically  by  means  of  a 
triangle  whose  sides  are  proportional  to  these  amplitudes,  and  are  inclined  at  angles 
corresponding  to  the  relative  epochs  of  the  curves.  In  such  a  triangle  the  following 
elements  are  known : — 

1.  A  side  proportional  to  the  observed  amplitude  at  the  station. 

2.  The  difference  in  epoch  between  the  primary  solar  cause  and  the  resultant, 
t.«,,  the  angle  between  the  sides  proportional  to  the  amplitudes  of  the  primary 
solar  and  of  the  resultant  effects. 

3.  The  angle  between  the  sides  proportional  to  the  marine  and  the  primary 
solar  effect. 

By  assuming  the  primary  solar  effect  to  be  the  same  for  places  in  the  same 
latitude  it  would  thus  be  possible  to  analyse  seasonal  variation  of  temperature 
at  any  place  into  its  elements,  and  an  example  is  given  of  this  analysis  in  the  case 
of  Kew.  A  point  of  some  interest  arising  out  of  this  is  the  lag  in  the  seasons  at 
sea-coast  stations,  showing  that  not  only  the  autumn  and  winter  are  late  at  the 
sea-coast,  but  also  the  spring,  so  that  an  early  spring  is  to  be  sought  inland. 

1  See  Proc.  Itoyal  Soc. 
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Another  point  of  interest  is  the  effect  of  the  sea,  which  is  not,  as  is  generally 
supposed,  actually  to  decrease  the  amplitude  of  annual  temperature  oscillation, 
but  to  increase  it,  although  to  a  less  extent  than  a  corresponding  surrounding  area 
of  land.  Thus  at  Nertchinski-Zavod,  in  Siberia,  the  effect  (calculated  as  above)  of 
the  secondary  cause,  i.e.,  the  siirruiiii'liiiir  land,  on  annual  temperature  variation 
has  an  amplitude  of  65°  F. ;  M.  li:l.-i  at  K-\v,  in  the  same  latitude,  the  effect  of  the 
surrounding  land  and  sea  lias  only  an  amplitude  of  80<3  F.  The  figures  for  sea 
temperature  are  inadequate  for  effective  numerical  analysis,  but  they  suggest  a 
possibility  of  arriving  on  these  lines  at  a  definite  comparison  of  inland  and  marine 
climates. 


5.  A  New  Point  of  View  about  Gravitation,  and  a  y>ropowd  Experiment. 

By  Dr.  V.  CHEMIEU. 

We  know  perfectly  well  the  quantitative  law  of  gravitation,  but  we  have  no 
idea  of  the  mechanism  of  the  attraction. 

Several  attempts  have  been  made  to  explain  gravitation  by  the  presence  of  a 
medium,  but,  I  believe,  all  without  success.  Some  learned  men,  too,  had  the 
idea  of  finding  by  experiment  whether  the  propagation  of  attraction  was  in- 
stantaneous or  not ;  but,  as  far  as  I  know,  no  physical  experiment  was  ever  tried. 

Whenever  a  system  is  in  equilibrium  every  attempt  to  disturb  that  equi- 
librium will  introduce  new  forces  into  the  system,  which  will  act  against  this 
disturbance  of  equilibrium. 

There  are  many  examples:  heating  of  gases  by  compression,  increase  of 
resistance  of  metals  with  temperature,  and  consequently,  when  they  are  sub- 
mitted to  an  electromotive  force;  and,  moreover,  the  law  of  Lenz  in  induction. 

I  thought  thut  gravitation  must  very  likely  follow  that  universal  law. 

If,  for  instance,  we  consider  the  two  bodies  A  and  B  in  equilibrium,  we  can 
imagine  that  there  is  a  '  flux  of  attraction  '  between  them.  Let  us  move  A  very 
quickly  :  this  motion  will  produce  a  sudden  variation  in  that  ilux,  and  a  reaction 
will  take  place  in  the  system  at  that  moment  which  will  work  against  the  motion 
communicated  to  A. 

A  few  months  ago  I  described  in  the  €  Oomptes  Rendus'  a  new  very  sensitive 
kind  of  balance  which  gives  us  an  easy  and  direct  way  of  verifying  that  idea. 

This  balance  is  made  in  the  fnil.min,:  snanner:  a  very  light  tube  of  aluminium 
is  horizontally  sunpended  by  a  -:!K  i!ir.-a<I,  the  two  bent  parts  of  which  form  an 
angle  of  about  120°. 

At  one  end  of  this  tube  is  fixed  a  small  sphere  of  platinum  weighing  about 
three  grammes.  At  the  other  end  is  a  permanent  magnet  suspended  by  a  silk 
thread  ;  the  weight  of  this  magnet  is  three  or  four  milligrammes  lighter  than  that 
of  the  sphere. 

A  coil  is  fixed  on  the  support  of  the  apparatus,  and  the  silk  thread  bearing 
the  permanent  magnet  coincides  with  the  axis  of  that  coil. 

On  sending  a  current  through  it  in  the  proper  direction  a  repulsion  between 
the  fixed  coil  and  the  permanent  magnet,  will  be  established.  That  is  the  repulsion 
which  will  be  used  instead  of  weights. 

I  have  constructed  several  of  these  balances  for  use  as  galvanometers  or 
electrometers.  The  measured  accuracy  of  one  was  as  follows : 

It  gives,  at  a  distance  of  two  metres,  a  deviation  of  12  millimetres  for  a 
current  of  10~9  amperes,  which  corresponds  on  the  movable  magnet  to  a  force 
of  8  x  10~r>  dynes.  This  is  the  maximum  obtained  as  yet.  Hut  I  can  easily 
obtain  the  10~4  of  a  dyne :  and  I  hope,  with  the  long  arm  constructed  for 
my  gravitation  experiment,  to  each  about  the  10  ~fi  of  a  dyne. 

Now,  with  a  convenient  current,  let  us  produce  equilibrium  between  the 
magnet  and  the  sphere.  We  will  record  it  by  the  position  of  a  spot  of  light 
reflected  by  a  mirror.  If,  then,  we  bring  near  to  the  sphere  a  heavy  sphere 
of  lead,  there  will  be  an  attraction  between  them ;  we  can  equilibrate  it  by 
increasing  conveniently  the  current  in  the  coil. 
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If  now  we  drop  the  heavy  sphere  of  lead  we  shall  have  the  sudden  variation 
required  for  the  experiment. 

If  my  idea  is  right  we  shall  observe  at  that  same  moment  an  impulsion  of  the 
spot  of  light  on  the  scale  in  the  direction  of  the  motion — that  is  to  say,  in  a  direc- 
tion contrary  to  that  which  would  be  observed  if  the  assumed  effect  does  not  exist. 

The  apparatus  for  making  the  experiment  is  now  ready,  and  I  hope  to  obtain 
results  before  long. 

I  will  point  out  that  astronomical  observations  cannot  answer  this  ques- 
tion because  in  the  motions  of  the  planets  there  are  only  very  small  changes 
of  the  l  flux  of  gravitation  ' ;  and,  besides,  the  distances  are  enormous.  Moreover, 
as  these  changes  would  be  always  reversed  in  tho  course  of  a  complete 
revolution,  their  very  small  effects  would  neutralise  one  another. 

6.  A  Discussion  on  the  proposed  New  Unit  of  Pressure ,  opened  by  a  Paper 
by  Dr.  C.  E.  GUILLAUME. — For  Dr.  Guillaume's  Paper  see  Reports, 
P-  71.  

7.  The  Michehon-Morley  Effect.     By  W.  M.  HICKS,  F.R.ti. 

In  the  theory  of  this  experiment,  as  usually  presented,  no  account  is  taken  of 
the  alteration  in  wave  length  produced  by  reflection  from  a  moving  surface,  nor 
of  the  alteration  in  the  direction  of  incidence  as  the  drift  alters,  when  the  source 
of  light  is  fixed  to  the  apparatus.  When  this  is  done  it  follows  that  the  pheno- 
mena to  be  expected  are  not  precisely  the  same  as  those  usually  supposed,  and  in 
certain  cases  the  displacement  of  the  fringes  is  subject  to  a  quite  different  law. 
The  two  sets  of  interfering  waves,  when  there  is  drift,  have  not  the  same  wave 
length  in  space,  although  their  apparent  frequencies  at  any  point  moving  with  the 
apparatus  are  equal.  Consequently  interference  fringes  are  produced  on  a  screen 
which  is  fixed  to  the" apparatus,  and  these  fringes  are  displaced  a  certain  number  of 
bands  when  the  apparatus  drifts.  Usually,  however,  the  fringe  is  observed  by  an 
optical  apparatus  which  produces  an  image  on  the  retina.  Hut  the  two  inter- 
fering pencils  from  any  point  of  the  actual  fringe,  when  they  arrive  at  the  retina, 
have  a  different  phase-difference  from  that  at  the  original  point  Consequently 
the  image  of  the  central  bright  line  will  not  itself  be  a  bright  line.  The  central  bright 
band  on  the  retina  will  be  the  optical  image  of  another  point  on  the  original,  and 
the  fringe-image  shows  the  original  one  displaced  by  a  certain  amount  which 
alters  with  the  drift.  The  observed  displacement  i.s  therefore  the  resultant  of 
two  others,  one  of  which  may  in  certain  circumstances  quite  mask  the  other. 
Supposing  the  drift  of  the  apparatus  to  be  comparable  with  that  of  the  earth's 
orbital  motion — say  10~l  times  that  of  light — it  was  shown  to  be  possible  that 
in  Michelson's  actual  experiment  the  arrangements  were  such  that  the  effect  he 
expected  was  quite  masked  by  the  other. 

8.  The  Law  of  Radiation,     fty  Dr.  J.  LAUMOK,  F.R.S. 


9.  Radiation  of  Heat  and  Light  from  a  Heated  Solid  Jtody. 
%  Dr.  %J.  T.   BOTTOMLKY,  F.R.S. 

In  this  paper  an  account  is  given  of  recent  experiments  on  radiation  of 
heat  and  light  from  a  heated  solid  body  commencing  with  the  very  lowest 
temperature  at  which  a  heated  body  becomes  visible  and  proceeding  to  tem- 
peratures approaching  white  heat.  The  experiments  were  made  on  pairs  of 
platinum  strips  specially  prepared  for  the  author  by  Messrs.  Johnson  &  JVlatthey. 
The  strips  were  1£  mm.  broad,  and  extremely  thin.  One  of  each  pair  was 
highly  polished,  and  the  other  was  coated  with  lampblack,  The  pairs  of  strips 
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were  contained  in  similar  glass  tubes,  which  were  connected  together  by  end 
tubes,  one  of  which  was  connected  to  a  Sprengel  pump,  and  by  means  of  the 
Sprengel  pump  a  very  high  vacuum  was  obtained,  so  that  the  energy  lost  was 
entirely  due  to  radiation ;  the  amount  of  heat  lost  by  convection  being  negligible. 
The  lowest  temperature  at  which  the  strip  becomes  visible  in  a  darkened  chamber 
to  an  observer  who  has  remained  in  the  dark  for  some  time  in  order  that  his  eyes 
may  attain  perfect  sensitiveness  is  about  400°  C.  At  this  temperature  the 
blackened  strip  loses  nearly  seven  times  as  much  energy  as  the  polished  strip. 
As  tho  temperature  rises  the  ratio  seems  to  fall,  while  the  light  given  oft 
passes  to  dull  red,  then  to  cherry  red,  and  finally  to  bright  red  approaching  white 
heat. 

Experiments  are  also  referred  to,  of  an  older  date,  in  which  pair*  of  wires, 
one  polished  and  the  other  sooted,  were  compared  at  the  same  temperature 
(inferred  from  the  resistance  of  the  wires). 

It  is  concluded  from  all  these  experiments  that  tho  production  of  light  is 
vastly  more  economical  when  the  surface  of  the  light-giving  body  is  bright  and 
highly  polished  than  when  it  is  dull  or  coated  with  lampblack. 


TUESDAY,   SEPTEMBER  17. 
The  Section  was  divided  into  two  Departments. 

DEPARTMENT  I. — PHYSICS. 

The  following  Papers  were  read  : — 

1.  On  the  Clustering  of  Gravitational  Matter  in  am/  part  of  the  Universe. 
Jly  Lord  KELVLV,  G.C.V.O.,  F.JK.S. 

Gravitational  matter,  according  to  our  ideas  of  universal  gravitation,  would  be 
all  matter.  Now,  is  there  any  matter  which  is  not  subject  to  the  law  of  gravita- 
tion P  I  think  I  may  say  with  absolute,  decision  that  there  is.  We  are  all 
convinced,  with  our  President,  that  ether  is  matter,  but  we  are  forced  to  say  that 
the  properties  of  molar  matter  are  not  to  be  looked  for  in  ether  as  generally 
known  to  us  by  action  resulting  from  force  between  atoms  and  matter,  ether  ana 
ether,  and  atoms  of  matter  and  ether.  Here  I  am  illogical  when  I  say  bet  ween 
matter  and  ether,  as  if  ether  were  not  matter.  It  is  to  avoid  an  illogical  phraseo- 
logy that  I  use  the  title  'gravitational  matter.'  Many  years  ago  I  gu\t»  strong 
reason  to  feel  certain  that  ether  was  outside*  the  law  of  gravitation.  We  need 
not  absolutely  exclude,  as  an  idea,  the  possibility  of  there  being  a  portion  of  space 
occupied  by  ether  beyond  which  there  is  absolute  vacuum — no  ether  and  no 
matter.  We  admit  that  that  is  something  that  one  could  think  of;  but  1  do 
not  believe  any  living  scientific  man  considers  it.  in  the  slightest  degree  probable 
that  there  is  a  boundary  around  our  universe  beyond  which  there  is  no  ether 
and  no  matter.  Well,  if  ether  extends  through  all  space,  then  it  is  certain 
that  ether  cannot  be  subject  to  the  law  of  mutual  gravitation  between  its 
parts,  because,  if  it  were  subject  to  mutual  attraction  between  its  parts  its  equi- 
librium would  bo  unstable,  unless  it  were  infinitely  incompressible.  But  here, 
again,  1  am  reminded  of  the  critical  character  of  the  ground  on  whicli  wo  stand  in 
speaking  of  properties  of  matter  beyond  what  we  see  or  feel  by  experiment. 
I  am  afraid  1  must  here  express  a  view  different  from  that  whicli  Professor 
Iliicker  announced  in  his  Address,  when  he  said  that  continuity  of  mutter  implied 
absolute  resistance  to  condensation.  We  have  no  right  to  bar  condensation  as 
a  property  of  ether.  While  admitting  ether  not  to  have  any  atomic  struc- 
ture, it  is  postulated  as  a  material  which  performs  functions  of  which  we  know 
something,  and  which  may  have  properties  allowing  it  to  perform  other  functions 
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of  which  we  are  not  yet  cognisant.  If  we  consider  ether  to  be  matter,  we 
postulate  that  it  has  rigidity  enough  for  the  vibrations  of  light,  but  we  have  no 
right  to  say  that  it  is  absolutely  incompressible.  We  must  admit  that  sufficiently 
great  pressure  all  round  could  condense  the  ether  in  a  given  space,  allowing  the 
ether  in  surrounding  space  to  come  in  towards  the  ideal  shrinking  surface.  When 
I  say  that  ether  must  be  outside  the  law  of  gravitation,  I  assume  that  it  is  not 
infinitely  incompressible.  I  admit  that  if  it  were  infinitely  incompressible, 
it  might  be  subject  to  the  law  of  mutual  gravitation  between  its  parts ;  but  to 
my  mind  it  seems  infinitely  improbable  that  ether  is  infinitely  incompressible, 
and  it  appears  more  consistent  with  the  analogies  of  the  known  properties  of  molar 
matter,  which  should  be  our  guides,  to  suppose  that  ether  has  not  the  quality 
of  exerting  an  infinitely  groat  force  against  compressing  action  of  gravitation. 
Hence,  if  we  assume  that  it  extends  through  all  space,  ether  must  be  outside 
the  law  of  gravitation — that  is  to  say,  truly  imponderable.  I  remember  the 
self-complacent  compassion  with  which  sixty  years  ago — I  myself,  I  am  afraid — • 
and  most  of  the  teachers  of  that  time  looked  upon  the  ideas  of  the  elderly 
people  who  went  before  us,  who  spoke  of  '  the  imponderables.'  I  fear  that  in 
this,  as  in  a  great  many  other  things  in  science,  we  have  to  hark  back  to  the 
dark  ages  of  fifty,  sixty,  or  a  hundred  years  ago,  and  that  we  must  admit  there 
is  something  which  we  cannot  refuse  to  call  matter,  but  which  is  not  subject 
to  the  Newtonian  law  of  gravitation.  That  the  sun,  stars,  planets,  and  meteoric 
stones  are  all  of  them  ponderable  matter  is  true,  but  the  title  of  my  paper  implies 
that  there  is  something  else.  Ether  is  not  any  part  of  the  subject  of  this  paper  ; 
what  we  are  concerned  with  is  gravitational  matter,  ponderable  matter.  Ether 
we  relegate,  not  to  a  limbo  of  imponderables,  but  to  distinct  species  of  matter 
which  have  inertia,  ripri-lity.  elasticity,  compressibility,  but  not  heaviness.  In  a 
paper  I  have  already  piibli>h''<l  I  gave  strong  reasons  for  limiting  to  a  definite 
amount  the  quantity  of  matter  in  space  known  to  astronomers.  I  can  scarcely  avoid 
using  the  word  '  universe/  but  I  mean  our  universe,  which  may  be  a  very  small 
affair  after  all,  occupying  a  very  small  portion  of  all  the  space  in  which  there  is 
ponderable  matter. 

Supposing  a  sphere  of  radius  3*09. 10K>  kilometres  (being  the  distance  at  which 
a  star  must  be  to  have  parallax  O''*001)  to  have  within  it,  uniformly  distributed 
through  it,  a  quantity  of  matter  equal  to  one  thousand  million  times  the  sun's 
mass,  the  velocity  acquired  by  a  body  placed  originally  at  rest  at  the  surface 
would,  in  five  million  years,  be  about  iiO  kilometres  per  second,  and  in  twenty-five 
million  years  would  be  108  kilometres  per  second  (if  the  acceleration  remained 
sensibly  constant  for  so  long  a  time).  Hence,  if  the  thousand  million  suns  had 
been  given  at  rest  twenty-five  million  years  ago,  uniformly  distributed  *l.r-r.ijpliOijt 
the  supposed  sphere,  many  of  them  would  now  have  velocities  of  20  or  ;JO  kilo- 
metres per  second,  while  Home  would  have  less  and  some  probably  greater  velo- 
cities than  108  kilometres  per  second ;  or,  if  they  had  been  given  thousands  of 
million  years  ago  at  rest  so  distributed  that  now  they  were  equally  spaced 
throughout  the  supposed  sphere,  their  mean  velocity  would  now  be  about  50  kilo- 
metres per  second.1  This  is  not  unlike  the  measured  velocities  of  stars,  and  hence 
it  seems  probable  that  there  might  be  as  much  matter  as  one  thousand  million 
suns  within  the  distance  3*09.1016  kilometres.  The  same  reasoning  shows  that  ten 
thousand  million  suns  in  the  same  sphere  would  produce  velocities  far  greater  than 
the  known  star  velocities,  and  henco  there  is  probably  much  less  than  ten  thousand 
million  times  the  sun's  mass  in  the  sphere  considered.  A  general  theorem  dis- 
covered by  Green  seventy-three  years  ago  regarding  force  at  a  surface  of  any 
shape,  due  to  matter  (gravitational,  or  ideal  electric,  or  ideal  magnetic)  acting 
according  to  the  Newtonian  law  of  the  inverse  square  of  the  distance,  shows  that 
a  non-uniform  distribution  of  the  same  total  quantity  of  matter  would  give 
greater  velocities  than  would  the  uniform  distribution.  Hence  we  cannot,  by  any 
non-uniform  distribution  of  matter  within  the  supposed  sphere  of  3'09.101(i  kilo- 
metres radius,  escape  from  the  conclusion  limiting  the,  total  amount  of  the  matter 
within  it  to  something  like  one  thousand  million  times  the  sun's  mass. 

1  Phil.  Matj.t  August  1901,  t>p.  1G9.  170. 
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If  we  compare  the  sunlight  with  the  light  from  the  thousand  million 
stars,  each  being  supposed  to  be  of  the  same  size  and  brightness  as  our  sun,  we 
iind  that  the  ratio  of  the  apparent  briirhtne*s  of  the  star- lit  sky  to  the  bright- 
ness of  our  sun's  disc  would  bo  3-37.10  n.  This  ratio1  varies  directly  with 
the  radius  of  the  containing  sphere,  the  number  of  equal  globes  per  equal  volume 
being  supposed  constant- ;  and  hence  to  make  the  sum  of  the  apparent  area  of  discs 
3*87  per  cent,  of  the  whole  sky,  tho  radius  must  be  3-09.10-7  kilometres.  With 
this  radius  light  would  take  3^-.1011  years  to  travel  from  the  outlying  stars  to 
the  centre.  Irrefragable  dynamics  proves  that  tho  life  of  our  sun  as  a  luminary 
is  probably  between  fifty  and  100  million  years  ;  but  to  be  liberal,  suppose  each  of 
our  stars  to  have  a  life  of  100  million  years  as  a  luminary,  and  it  is  found  that 
the  time  taken  by  light  to  travel  from  the  outlying  stars  to  the  centre  of  the 
sphere  is  three  and  a  quarter  million  times  the  life  of  a  star.  Hence  it  follows 
that  to  make  the  whole  hky  aglow  with  the  light  of  all  the  stars  at  the  same  time 
the  commencements  of  the  stars  must  be  timed  earlier  and  earlier  for  the  more  and 
more  distant  ones,  so  that  the  time  of  the  arrival  of  the  light  of  every  one  of 
them  at  the  earth  may  fall  within  the  durations  of  tho  lights  of  all  the  others  at 
the  earth.  My  supposition  as  to  uniform  density  is  quite  arbitrary;  but  never- 
theless I  think  it  highly  improbable  that  there  can  be  enough  of  stars  (bright  or 
dark)  to  make  a  total  of  star-disc  area  more  than  10~Iy  or  10 ~n  of  the  whole  sky. 

To  help  to  understand  the  density  of  the  supposed  distribution  of  1,000  million 
suns  in  a  sphere  of  3*01).  10l"  kilometres  radius,  imagine  them  arranged  exactly  in 
cubic  order,  and  tho  \olume  per  sun  is  found  to  be  12.'5i5.10'J9  cubic  kilometres, 
and  the  distance  from  one  star  to  any  one  of  its  six  nearest  neighbours  would  be 
4*98.  JOU  kilometres.  Tho  sun  seen  at.  this  distance  would  probably  be  seen  as  a 
star  of  between  the  first  and  second  magnitude ;  but  supposing  our  1,000  million 
suns  to  be  all  of  sw.'!i  I-1  :.!•!•  •••»  as  to  be  stars  of  the  iirst  mviil  !!•!«•  at  distance 
corresponding  to  ]Mr:ii!  .\  i'  «•,  tho  brightness  at  distance  -"ii11. 10  kilometres 
would  be  one  one-millionth  of  this  ;  and  the  most  distant  of  our  stars  would  be 
seen  through  powerful  telescopes  as  stars  of  the  sixteenth  magnitude.  Newcomb 
estimated  Irom  thirty  to  lifty  million  as  the  number  of  stars  visible  in  modern 
telescopes.  Young  estimated  at  100  million  the  number  visible  through  the  Lick 
telescope.  This  larger  estimate  it>  only  one  tenth  of  our  assumed  1,000  million 
masses  equal  to  the,  sun,  of  which,  however,  000  million  might  be  either  non- 
luminous,  or,  though  luminous,  too  distant  to  be  seen  by  us  at  their  actual 
distances  from  the  earth,  llemark,  also,  that  it  is  only  for  facility  of  counting 
that  we  have  reckoned  our  univei>e  as  1,000  million  suns  ;  and  that  the  meaning 
of  our  reckoning  is  that  the.  total  amount  of  matter  within  a  sphere  of  3*09. 101'1 
kilometres  radius  is  1,000  million  times  the  Mill's  mass.  The  sun's  mass  is 
I'OO.IO-'7  metric  tons,  or  1 '00.10"  grammes,  llenee  our  reckoning  of  our  sup- 
posed spherical  universe  is  that  the  ponderable  part  of  it  amounts  to  T99.1013 
grammes,  or  that  its  average  density  is  Hil.10"33  of  tho  density  of  water. 

Let  us  now  return  to  the.  question  of  sum  of  apparent  areas.  The  ratio  of 
this  sum  to  4rr,  the  total  apparent  area  of  the  sky  viewed  in  all  directions,  is  given 

bv  the  formula1:  a  .--  °*    [f  ),    provided  its  amount  is  so  small  a  fraction   of 
4    M*  / 

unity  that  its  diminution  by  eclipses,  total  or  partial,  may  he  neglected.  In 
this  formula,  N  is  a  number  of  globes  of  radius  a.  uniformly  distributed  within  a 
spherical  surface  of  radius  r.  For  the  same  quantity  of  matter  in  N'  globes  of  the 
same  density,  uniformly  distributed  through  the  same  sphere  of  radius  r,  we  have 

N/  =  (/rt  Vand  therefore  rt'  =  ".  With  N-10'  /•  =  S'00,101"  kilometres;  and 
N  \<t  /  a  a 

(t  (the  sun's  radius)  -7.10'  kilometres;  -we  had  n -3*87.10-JJ.  Hence 
a1  -  7  kilometres  gives  u'«3'87.10~s;  and  a"  =  l  centimetre  gives*  a"  =  1/36-9. 
Hence  if  the  whole  mass  of  our  supposed  universe  were  reduced  to  globules  of 
density  1*4  (being  the  sun's,  mean  density),  and  of  2  centimetres  diameter,  dis- 
tributed uniformly  through  a  sphere  of  3*09,10l(1  kilometres  radius,  an  eye  at  the 

1  Phil.  Mag.,  August  1001,  p.  175. 
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centre  of  this  sphere  would  lose  only  1/30-9  of  the  light  of  a  luminary  outside  it  ! 
The  smallness  of  this  loss  is  easily  understood  when  we  consider  that  there  is  only 
one  globule  of  2  centimetres  diameter  per  360,000,000  cubic  kilometres  of  space,  in 
our  supposed  universe  reduced  to  globules  of  2  centimetres  diameter.  Contrast  with 
the  total  eclipse  of  the  sun  by  a  natural  cloud  of  water  spherules,  or  by  the  cloud 
of  smoke  from  the  funnel  of  a  steamer. 

Let  now  all  the  matter  in  our  supposed  universe  be  reduced  to  atoms  (literally 
brought  back  to  its  probable  earliest  condition).  Through  a  sphere  of  radius  r  let 
atoms  be  distributed  uniformly  in  regpect  to  gravitational  quality.  It  is  to  be 
understood  that  the  condition  '  uniformly  '  is  fulfilled  if  equivoluminal  globular  or 
cubic  portions,  small  in  comparison  with  the  whole  sphere,  but  large  enough  to 
contain  large  numbers  of  the  atoms,  contain  equal  total  masses,  reckoned  gravita- 
tionally,  whether  the  atoms  themselves  are  of  equal  or  unequal  masses,  or  of 
similar  or  dissimilar  chemical  qualities.  As  long  as  this  condition  is  fulfilled,  each 
atom  experiences  very  approximately  the  same  force  as  if  the  whole  matter  were 
infinitely  fine-grained,  that  is  to  say,  utterly  homnpencou.-. 

Let  its  therefore  begin  with  a  uniform  sphere  of  matter  of  density  p,  gravita- 
tional reckoning,  with  no  mutual  forces  except  gravitation  between  its  parts,  given 
with  every  part  at  rest  at  the  initial  instant  ;  and  let  it  be  required  to  find  the 
subsequent  motion.  Imagining  the  whole  divided  into  infinitely  thin  concentric 
spherical  shells,  we  see  that  every  one  of  them  falls  inwards,  as  if  attracted  by  the 
whole  mass  within  it  collected  at  the  centre.  Hence  our  problem  is  reduced  to 
the  well-known  students'  exercise  of  finding  the  rectilinear  motion  of  a  particle 
attracted  according  to  the  inverse  square  of  the  distance  from  a  fixed  point  .  Let 

a-0  be  the  initial  distance,  -££  xj  the  attracting  mas<,  v  and  a*  the  velocity  and 
«3 

distance  from  the  centre  at  time  t.  The  solution  of  the  problem  for  the  time 
during  which  the  particle  is  falling  towards  the  centre  5  a 


and 


where  6  denotes  the  acute  angle  who.se  sine  is  •  /  4  .      This  shows  that  the  time- 

of  falling  through  any  proportion  of  the  initial  distance  i*  the  same  whatever  be 
the  initial  distance  ;  and  that  the  time  (which  we  .shall  denote  by  T)  of  falling  to- 

the  centre  is  £TTA  /  °  .     Hence  in  our  problem  of  homogeneous  gravitational 
V   orrp 

matter  given  at  rest  within  a  spherical  surface  and  left  to  fall  inwards,  the; 
augmenting  density  remains  1ininogenroii«,  and  the  time  of  shrinkage  to  any 
stated  proportion  of  the  initial  radius  is  inversely  as  the  square  root  of  the 
density. 

To  apply  this  result  to  the  supposed  spherical  universe  of  radius  tf'OO.lO1'1 
kilometres,  and  mass  equal  to  a  thousand  million  times  the  mass  of  our  sun,  we 
find  the  gravitational  attraction  on  a  body  at  its  surface  gives  acceleration  of 
1'37.1C~1J  kilometres  per  second  per  second.  This  therefore  is  the  value  of 

^~  x^  with  one  second  as  the  unit  of  time  and  one  kilometre  as  the  unit  of 

distance  ;  and  wo  find  T  •-=  62-8.101  '  seconds  «  1(3'8  million  years.  Thus  our 
formulas  become 


giving 
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and  ^ 


whence,  when  sin  6  is  -wry  small, 


Let  now,  for  example,  .r^-.'VOO.lO1"  kilometres,  and  ''"-107;    and,    therefore* 

^110  =  0  =  3-1  6.10   4  ;        whence,      v  =  21)1,000     kilometre-,     per      second,      and 
t  «  T  —  7,080  seconds  =  T     *2  hours  approximately. 

By  these  results  it  is  most  interesting  to  know  that  our  supposed  sphere  of 
perfectly  compressible  fluid,  beginning  at  rest  with  density  l'Gl.10"-'1  of  that  of 
water,  and  of  any  magnitude  large  or  small,  and  left  unclogged  by  ether  to  shrink 
under  the  influence  of  mutual  gravitation  of  its  parts,  would  take  nearly  seventeen 
million  \ears  to  reach  '0161  ot  the  density  of  water,  and  about  two  hours  longer 
to  shrink  to  infinite  density  at  its  centre.  It  is  interesting  also  to  know  that  if 
the  initial  radius  is  tf'OU.101'1  kilometres,  the  inward  velocity  of  the  surface  is 
29  1,000  kilometres  per  second  at  the  instant  when  its  radius  i,s  3'09.10y  and  its 
density  'OlGl  of  that  of  water.  If  now,  instead  of  an  ideal  compressible  fluid,  we 
go  back  to  atoms  of  ordinary  matter  of  all  kinds  as  the  primitive  occupants  of 
our  sphere  of  iVOO.101"  kilometres  radius,  all  these  conclusions,  provided  all  the 
\elocities  are  less  than  the  velocity  of  light,  would  still  hold,  notwithstanding  the 
ether  occupying  the  space  through  which  the  atoms  move.  This  would,  I  believe,1 
exercise  no  resistance  whate\er  to  uniform  motion  of  an  atom  through  it  ;  but  it 
would  certainly  add  quasi-inertia  to  the  intrinsic  Newtonian  inertia  of  the  atom 
itself  moving  through  ideal  space  void  of  ether;  which,  according  to  the  New- 
tonian law,  would  be  exactly  in  proportion  to  the  amount  of  its  gravitational 
quality.  The  additional  quasi-inert  ia  must  be  exceedingly  small  in'  comparison 
v\ith  the  Newtonian  inertia,  as  is  demonstrated  by  the  Newtonian  proofs,  includ- 
ing that  founded  on  Kepler's  laws  for  the  groups  of  atoms  constituting  the  planets, 
and  movable  bodies  experimented  on  at  the  earth's  surface. 

In  one  thousand  seconds  of  time  after  the  density  '01(31  of  the  density  of  water 
is  reached,  the  inward  surface  Telocity  would  be  .'505,000  kilometres  per  second, 
or  greater  than  the  \elocity  of  light:  and  the  whole  surface  of  our  condensing 
plol»e  of  gas  or  vapour  or  crowd  of  atoms  would  begin  to  glow,  shedding  light. 
inwards  and  outwards.  All  this  is  absolutely  realistic,  except  the  assumption  of 
uniform  distribution  through  a  sphere  of  the  enormous  radius  of  S'OO.lO1"  kilo- 
metres, which  we  adopted  temporarily  for  illustrational  purpose.  The  enormously 
great  velocity  (201,000  kilometres  per  second)  and  rate  of  acceleration  (137  kilo- 
metres per  second  per  second)  of  the  boundary  inwards,  which  we  found  at  the 
instant  of  density  '0101  of  that  of  water,  are  due  to  greatness  of  the  primitive 
radius,  and  the  uniformity  of  density  in  the  primitive  distribution. 

To  come  to  reality,  according  to  the  most  probable  judgment  present  know- 
ledge allows  us  to  form,  suppose  at  many  millions,  or  thousands  of  millions,  or 
millions  of  millions  of  years  ago,  all  the  matter  in  the  unherse  to  ha\e  been 
atoms  very  nearly  at  rest,-  or  quite  at  rest;  more  densely  distributed  in  some 
places  than  in  others,  of  infinitely  small  average,  density  through  the  whole  of 
infinite  space.  In  regions  where  the  density  was  then  greater  than  in  neighbour- 
ing regions,  the  density  would  become  greater  still  ;  in  places  of  less  density,  the 

1  '  On  the  Motion  produced  in  an  Infinite  Elastic  Solid  by  the  Motion  through 
the  Space  occupied  by  it  of  a  Body  acting  on  it  only  by  Attraction  or  Repulsion/ 
Cong.  International  de  Physique,  Paris,  Volume  of  Reports  (PA  <7.  Mag.,  August  1UOQ). 

a  'On  Mechanical  Antecedents  of  Motion,  Heat,  and  Light/  Hrit.  Assoc.  Rep.t 
Part  2,  IS54;  Edin.  Xen>  Phil.  Jour.,  vol.  \.  1855;  Comptct  Jtcndns,  vol.  xl.  1855; 
Kelvin's  Collected  Math.  Mid  Phys.  Papcrt,  vol.  ii.  art.  Ixix. 
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density  will  become  less ;  and  large  regions  will  quickly  become  void  or  nearly 
•Void  of  atoms.  These  large  void  regions  would  extend  so  as  to  completely  sur- 
round regions  of  greater  density.  In  some  part  or  parts  of  ouch  cluster  of  atoms 
thus  isolated,  condensation  would  go  on  by  motions  in  all  directions  not  generally 
convergent  to  points,  and  with  no  perceptible  mutual  influence  between  the  atom's 
until  the  density  becomes  something  like  10 ~"  of  our  ordinary  atmospheric  density, 
when  mutual  influence  by  collisions  would  begin  to  become  practically  effective. 
Each  collision  would  give  rise  to  a  train  of  waves  in  ether.  These  waves  would 
carry  away  energy,  spreading  it  out  through  the  void  ether  of  infinite  space.  The 
loss  of  energy,  thus  taken  away  from  the  atoms,  would  reduce  large  condensing 
clusters  to  the  condition  of  gas  in  equilibrium  l  under  the  influence  of  its  own 
gravity  only,  or  rotating  like  our  sun  or  moving  at  moderate  speeds  as  in  spiral 
nebulas,  &c.  Gravitational  condensation  would  at  first  produce  rise  of  tempera- 
ture, followed  later  by  cooling  and  ultimately  freezing,  giving  solid  bodies ; 
collisions  between  which  will  produce  meteoric  stones  such  as  we  see  them.  We 
cannot  regard  as  probable  that  these  lumps  of  broken-looking  solid  matter  (some- 
thing like  the  broken  stones  used  on  our  macadamised  roads)  are  primitive  forms 
in  which  matter  was  created.  Hence  we  are  forced,  in  this  twentieth  century,  to 
views  regarding  the  atomic  origin  of  all  things  closely  resembling  those  presented 
by  Democritus,  Epicurus,  and  their  majestic  Roman  poetic  expositor,  Lucretius. 


2.  A  Discussion  on  (Mass  used  for  Scientific  Purges. 
Opened  by  a  Paper  by  Dr.  R.  T.  GLAZEBUOOK,  F.K.ti. 


3.  The  Brush  Grating  and  the  Law  of  its  Optical  Action. 
Jhj  JOHN  KERB,  LL.D.,  F.R.ti. 


in  a  unitorm  and  moderately  strong  magnetic  field  gives  the  best  known  example 
of  the  Brush  grating,  The  water  is  understood  to  be  traversed  throughout  its 
mass  by  a  set  of  invisibly  fine  filaments  of  solid  particles,  all  straight  and  parallel. 
When  this  medium  is  examined  in  the  poluriseope  the  vibrations  transmitted  are 
always  perpendicular  to  the  filaments. 

The  action  of  the  Brush  grating  comes  out  in  experiment  as  twofold:  (1)  a 
negative  double  refraction  with  filament  for  optic  axis ;  (2)  a  selective  absorption 
of  the  extraordinary  ray.  The  phenomena  are  quite  regular,  and  as  pure  as  any 
that  are  given  by  good  crystals,  but  upon  a  comparatively  small  scale  of  intensity. 
The  simplest  statement  of  the  law  of  the  action  is  that  when  light  passes  through 
the  Brush  grating  the  Frcsnul  vibrations  parallel  to  the  filaments  are  the  most 
absorbed,  and  thobe  perpendicular  to  the  filaments  the  most  retarded. 

It  is  interesting,  and  may  be  useful,  to  compare  the  new  medium  with  the 
numerous  media  known  in  optics  as  the  coloured  birefringont  crystals ;  and  also 
with  Hertz's  grating  of  parallel  wires,  used  as  a  transmitter  and  absorber  of 
electric  waves. 

4.  The  Effect  of  Errors  in  Rul.iny  on  thr.  Appearance  of  a  Diffraction, 
Gratiny.     tty  II .  S.  ALLEN,  M.A.,  B.Xc> 

If  a  spectroscope  is  adjusted  to  view  a  single  spectral  line,  and  the  eye-piece  of 
the  observing  telescope  is  removed,  the  diffraction  grating  is  seen  illuminated  by 
monochromatic  light ;  but  in  general  the  image  is  crossed  by  a  number  of  dark- 
bands  parallel  to  the  rulings  on  the  grating.  The  bands  may  be  better  studied  by 
focussing  the  observing  telescope  on  the  surface  of  the  grating  instead  of  on  the 

'  Homer  Lane,  American  Journal  of  Science,  1870,  p.  57 ;  Sir  W.  Thomson, 
Plul.  Mag.,  March  1887,  p.  287. 
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slit  of  the  coilirnator.  The  object  of  the  paper  is  to  explain  the  mode  of  formation 
of  these  bands. 

In  an  absolutely  perfect  grating  all  the  light  going  to  form  the  spectral  line 
of  any  particular  order  is  brought  to  a  single  focus  by  the  objective  of  the  telescope, 
ond  the  emergent  cone  of  light  is  bounded  by  the  image  of  the  grating  formed  oy 
the  objective  (the  distance  between  the  grating  and  the  objective  being  greater 
than  the  focal  length).  In  the  case  of  a  grating  containing  two  rulings  differing 
by  a  small  amount  the  light  from  each  portion  will  be  brought  to  its  own 
appropriate  focue,  and  the  two  emergent  cones  of  light  will  be  bounded  by  the 
corresponding  parts  of  the  image  of  the  grating.  A  screen  placed  in  the  position 
of  this  image  would  be  uniformly  illuminated,  but  if  it  were  moved  nearer  to  the 
lens  the  boundary  between  the  two  rulings  would  receive  light  from  both  the  cones 
or  from  neither  of  them,  according  to  the  relative  positions  of  the  foci.  If  the 
screen  were  moved  further  from  the  lens  the  effect  would  be  exactly  reversed,  so 
that  a  light  band  in  one  case  becomes  a  dark  band  in  the  other. 

The  theoretical  results,  which  have  been  verified  by  observation,  may  be 
summarised  as  follows  :  — 

Order*  on  the  riyht  of  the  central  imaye  (the  observer  is  supposed  to  be  facing 
the  grating).  —  Case  1.  In  passing  from  a  wide  to  a  narrow  ruling  in  going  from 
left  to  right.  Focus  in,  light  band.  Focus  out,  dark  band, 

Case  '2.  In  passing  from  a  narrow  to  a  wide  ruling  in  going  from  left  to  right, 
Focus  in,  dark  band.  Focus  out,  light  band. 

Order*  on  the  left  of  the.  central  iinaye,  —  The  results  just  given  must  be 
reversed. 

Tho  bands  disappear  when  the  telescope  is  focussed  exactly  on  the  grating. 

5.   On,  <i  new  Electromagnet  and  an  Echelon  Spectroscope  for  Magneto-optic 
P>y  Professor  A.  GRAY,  F.R.S.,  and  Dr.  W.  STEWART. 


G.   On  Resolviny  Power  in  ike  Microscope,  and  Telescope. 
l\\t  Professor  J.  1).  EVERETT,  1\R.$. 

The  author  maintains,  in  opposition  to  the  view  put  forward  in  standard  books 
on  the  microscope,  that  resolving  power,  whether  in  the  microscope  or  the  tele- 
scope, depends  simply  on  keeping  down  the  size  of  the  disc  which,  owing  to 
diffraction,  is  the  image  formed  by  the  objective  of  a  luminous  point  of  the  object. 
The  illumination  of  the  disc  diminishes  from  the  centre  outwards  according  to  a 
well-known  law,  first  worked  out  by  Airy,  becoming  zero  at  a  definite  distance; 
but  for  a  considerable  distance  within  this  limit  the  illumination  is  too  faint  to  be 
appreciable,  and  the  visible  size  of  the  disc  therefore  increases  with  the  brightness 
of  the  luminous  point  which  is  imaged.  The  radius  of  the  disc,  reckoned  up  to 
the  theoretical  limit  of  zero  illumination,  is  directly  as  the  wave-length  of  the 
light  employed,  and  inversely  as  the  sine  of  the  semi  vertical  angle  of  the  cone  of 
rays  which  emerges  from  the  objective.  The  effect  of  large  aperture  in  the  tele- 
scope, or  of  large  N.A.  in  the  microscope,  is  to  increase  the  sine  of  this  angle,  and 
in  the  same  proportion  to  increase  the  fineness  of  representation.  ^ 

Dawes'  results  for  the  closeness  of  double  stars  which  can  be  just  separated  by 
a  given  objective  lead  to  the  conclusion  that  the  two  discs,  corresponding  to  the 
two  nearly  equal  components  of  the  star,  can  be  just  recognised  as  two  when  the 
illumination  due  to  one  at  the  centre  of  the  other  is  about  BV  of  the  central 
illumination  ;  and  Abbe's  determinations  of  the  resolving  powers  of  microscopical 
objectives,  as  dependent  on  N.A.,  lead  to  exactly  the  same  conclusion  for  the 
microscope,  an  agreement  which  seems  to  have  hitherto  escaped  attention. 

Abbes  own  view,  as  stated  in  the  concluding  sentence  of  his  Paper  to  the 
Iloyal  Microscopical  Society  (vol.  i.  1881,  p.  423),  is:— 

*'  The  very  first  step  of  every  understanding  of  the  microscope  is  to  abandon 
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the  gratuitous  assumption  of  our  ancestors  that  microscopical  vision  is  an  imitation 
of  macroscopical,  and  to  become  familiar  with  the  idea  that  it  is  a  thing  sui 
generic.9 

This  view  has  since  been  somewhat  toned  down  ;  but  he  still  maintains  that, 
in  the  case  of  such  an  object  as  a  diatom,  there  is  practically  a  superposition  of 
two  images,  one  .!••;•>!!:•..:•  i1:-  coarse  outlines  and  the  other  the  fine  details.1 

It  is  of  oour*-  l-.r  •:::..  ••  to  mentally  divide  phenomena  into  two  classes  for 
convenience  of  treatment ;  but  Huy gens'  principle  applies  equally  to  the  fine  and 
the  coarse  parts  of  an  object ;  and  there  is  no  way  of  obtaining  true  representation 
of  fine  details,  except  by  giving  srnallness  to  the  discs  which  are  the  images  of 
points,  seeing  that  the  whole  image,  coarse  and  fine  parts  alike,  is  built  up  of  these 
discs. 

An  important  point,  which  is  merely  presented  as  an  empirical  fact  in  books  on 
the  microscope,  is  the  enormous  benefit  derived,  in  fine  work,  from  employing  a 
sub-stage  condenser  of  high  quality  to  throw  upon  the  object  the  sharpest  possible 
achromatic  image  of  a  limited  portion  of  the  source  of  illumination,  an  iris  dia- 
phragm, close  to  the  condenser,  being  employed  to  assist  in  the  limitation.  The 
reason  of  the  benefit  is  that  the  influence  of  large  aperture  in  reducing  the  si/e  of 
the  discs  which  build  up  the  image  depends  on  the  capability  of  mutual  inter- 
ference between  all  points  of  a  wave-surface  sent  by  a  point  of  the  object  to  the 
focus.  Two  distant  portions  of  the  surface  cannot  interfere,  if  they  are  derived 
from  distinctly  different  parts  of  the  source  of  illumination.  For  purposes  of 
resolution,  aperture  counts  only  so  far  as  it  receives  illumination  from  one  and 
the  same  source.  If  the  four  quadrants  of  an  aperture  are  illuminated  by  four 
separate  sources,  they  will  give,  instead  of  a  single  small  round  spot,  four  larger 
spots  partially  overlapping. 

A  subsidiary  benefit  conferred  by  accurate  focussing  of  the  source  on  the 
object  is  the  prevention  of  the  spurious  patterns  which  are  formed  by  the  inter- 
ference of  light  sent  from  u  single  point  of  the  source  to  different  markings  on  an 
object. 

7.   On  the  Interference  of  Light  Jrom  Independent  Hource*. 
tty  G.  JOHNKTONK  STONEY,  M.A.>  D.tir.,  F./LS. 

In  the  course  of  an  inquiry  into  the  distribution  of  li^ht  by  -visible  objects  the 
fact  has  emerged  that  lights  from  independent  sources  can  be  made  to  interfere, 
whatever  be  their  phases  and  states  of  polarisation. 

The  present  abstract  is  in  reference  to  this  point.  To  make  it  sufficiently  brief, 
it  is  limited  to  explaining  the  method  of  proof  and  giving  one  application  to  a 
case  which  is  easily  dealt  with,  and  where  the  result  can  be  verified  experimentally. 

The  investigation  starts  from  the  admitted  fact  that  in  a  transparent  isotronic 
medium  the  undulation  spreading  outwards  from  each  pimctum,  or  visible  point,  is 
a  train  of  waves  of  alternating  electro-magnetic  stresses  of  which  the  wave-fronts  are 
surfaces  that  are  nearly  spheres,  or  portions  of  spheres,  concentric  witli  the 
pnnctum,  and  enlarging  with  the  speed  of  light  in  the  medium. 

Electro-magnetic  stresses  require  an  expenditure  of  energy  to  produce  them  or 
to  alter  them,  and  in  other  respects  there  are  analogies  between  the  electrical 
events  with  which  we  shall  have  to  deal  and  dynamical  events.  Accordingly,  as 
we  have  a  fuller  nomenclature  of  dynamical  than  of  electrical  events  it  will  be 
convenient  to  speak  of  changes  of  electro-magnetic  stress  as  motions  in  the  medium, 
of  the  cause  of  an  alteration  of  the  rate  of  change  as  a  force,  and  so  on.  for  this 
purpose  employing  these  and  other  dynamical  terms  in  a  sufficiently  generalised 
sense. 

We  shall  also  have  to  assume  that  it  is  legitimate  to  apply  the  principle  of 
reversal  to  electrical  as  to  dynamical  events. 

Let  us  take  a  definite  case,  and  suppose  that  P,  a  punctum  or  small  source  of 
light,  is  situated  at  a  point /in  the  open  tether,  from  which  it  radiates  light  of  wave 

1   Carpenter  >*n  the  MicroscojM,  8th  edition,  p.  64. 
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length  X  in  some  or  in  all  directions.  P  probably  acts  somewhat  like  a  Hertzian 
vibrator ;  but  whatever  be  its  inodus  operandi  it  is  an  agent  which  makes  a  disturbance 
in  the  tether  and  sets  up  what  we  may  call  turmoil  in  its  immediate  neighbour- 
hood. This  turmoil  is  of  a  special  kind,  its  action  on  the  tether  beyond  adding 
wave  after  wave  to  an  undulation  of  regular  waves,  which  advances  outwards. 

It  is  this  undulation  of  regular  waves  beyond  the  region  of  turmoil  that  is  the 
light  radiated  from  P. 

The  aether  is  competent  to  propagate  these  waves  forward  without  external  aid 
and  by  reason  of  forces  developed  within  itself  when  strained  ;  but  the  turmoil  in 
the  vicinity  of  P  requires  that  forces  supplied  by  P  shall  co-operate  with  the  forces 
developed  in  the  medium  to  keep  it  going.  If  P  ceased  to  maintain  it,  the 
turmoil  would  quickly  disappear  alter  expending  whatever  energy  had  been  stored 
up  in  it  in  adding  a  few  additional  waves  to  the  inner  fringe  of  the  great  undula- 
tion travelling  outwards. 

Let  us  draw  round /a  tiny  sphere  with  radius  /;,  which  we  may  call  sphere  p, 
just  sufficiently  large  to  include  the  region  of  turmoil.  In  the  case  of  light,  one  or 
two  wave  lengths  is  a  sufficient  radius  for  this  sphere,  since  beyond  that  short 
distance  the  events  in  the  aether  do  not  ditler  sensibly  from  regular  wave-motion. 

P,  which  emits  the  light,  is  a  portion  of  the  non-aether.  It  is  a  i source' 
through  which  energy  is  transferred  from  the  non-aether  to  the  aether.  By  reason 
of  its  presence  the  tether  is  not  a  ;  self-contained  system '  of  the  kind  which  is 
necessary  to  justify  an  application  to  it  of  the  principle  of  reversal.  But  we  can 
bring  about  this  requisite  state  of  isolation  by  supposing  that  P,  after  having 
emitted  light  for  a  definite  time,  say  for  one  minute,  not  only  ceases  to  emit  light, 
but  ceases  to  exist.  This  total  suppression  of  P  cuts  otF  the  communication 
between  the  aether  and  the  non-aether,  and  thenceforward  the  nether  is  a  self- 
contained  system  in  which  we  may  inu-stigati'  t\w  further  progress  of  events  by 
employing  the  principle  of  reversal.  It  will  be  convenient  to  divide  time  into 
equal  intervals — &ny  into  minutes — and  the  definite  supposition  we  shall  make  is 
that  P  emits  light  of  wave  length  X  from  the  epoch  f^O  till  the  epoch  f=  one 
minute,  and  that  at  the  close  of  this  period  all  the  contents  of  the  sphere  p,  including 
1*  and  the  disturbed  aether  near  it,  are  suddenly  annihilated,  and  quiescent  aether 
put  in  their  place. 

J5y  the  end  of  the  first  minute,  when  these  events  are  supposed  to  take  place, 
the  undulation  beyond  sphere  p  has  extended  to  a  distance  from/,  which  is  about 
forty-seven  times  the  distance  from  the  earth  to  the  moon.  After  those  events 
take  place,  the  undulation  continues  to  advance  outwards ;  and  we  may  now 
employ  upon  it  the  principle  of  reversal,  with  the  advantage  of  being  at  liberty 
to  confine  the  reversal  to  the  reversal  of  motions  in  the  tether.  This  provides  us 
with  the  means  of  investigating  events  after  the  first  minute. 

We  may  also  include  the  events  of  the  tirst  minute  by  introducing  two 
reversals;  since  by  this  contrivance  we  can  succeed  in  reproducing  under  the  new 
conditions,  i.e.,  within  a  self-contained  ret  her,  precisely  the  same  undulation  as 
existed  during  the  first  minute  while  P  was  emitting  light.  To  this  end  let  us 
imagine  the  undulation  to  continue  its  outward  journey  for  any  convenient  period 
—say  for  two  minutes  after  the  annihilation  of  the  contents  of  sphere  p.  This 
brings  us  to  tho  epoch  t--  three  minutes.  At  this  instant  let  reversal  of  all 
motions  in  the  aether  take  place.  The  outflowing  waves  then  retrace  their  steps, 
so  that  after  the  reversal  the  undulation  becomes  light  converging  towards  the 
focus  f.  When  the  time  Height  minutes  arrives  the  undulation  has  not  only  con- 
verg'xl  upon  /,  but  after  passing  that  focus  it  has  become  an  undulation  of 
divergent  spherical  waves,  each  part  of  the  undulation  when  passing  the  focus 
having  crossed  to  the  opposite  side  of/.  At  the  instant  t~  eight  minutes  let  a 
second  reversal  of  all  motions  in  the  iBther  take  place.  The  light  which,  im- 
mediately before  this  second  reversal,  was  diverging  from  /  again  becomes 
convergent,  and  within  the  period  from  f  =  ten  minutes  to  t- eleven  minutes 
each  spherical  wave  for  the  second  time  passes  the  focus  and  becomes  divergent, 
and  each  of  these  divergent  waves  now  finds  itself  under  such  circumstances  that 
BO  soon  as  it  gets  beyond  little  sphere  p  it  becomes  for  all  future  time  an  exact. 
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repetition  of  what  the  corresponding  actual  wave  emitted  by  P  in  the  first 
minute  was,  and  what  it  would  have  continued  to  be  if  neither  reversal  had  taken 
place. 

Hitherto  we  have  only  dealt  with  the  undulation  as  an  undulation  of  spherical 
waves.  Let  us  now  go  again  over  the  same  ground,  and  avail  ourselves  of  its 
being  legitimate  to  resolve  the  light  into  wavelets  by  Huygens's  theorem. 

In  addition  to  little  sphere  p,  let  us  draw  round  /  two  other  spheres  with 
radii  r  and  R,  r  being  some  moderate  length  such  as  a  metre,  and  II  a  much 
greater  length,  such  as  two  or  three  metro-tens.1  We  shall  find  it  convenient  to 
imagine  other  spheres  to  be  also  described  round  /,  viz.,  the  series  with  radii 
M,  2M,  3M,  &c.,  where  M  is  the  length  of  the  journey  which  light  describes 
each  minute,  which  in  the  open  rather  is  a  distance  of  1*8  metro-tens.  Let  us 
now  make  it  our  special  aim  to  consider  in  what  way  the  process  we  are  going  to 
apply  will  resolve  the  part  of  the  undulation  of  spherical  waves  which  lies  within 
sphere  r. 

As  before,  let  P  for  the  first  minute  emit  light  of  wave  length  X.  This  light 
consists  of  the  spherical  waves  which  travel  outwards  through  the  space  beyond 
sphere  p.  At  the  close  of  the  first  minute  the  foremost  wave  has  reached 
sphere  M.  Throughout  almost  the  whole  of  this  minute  a  portion  of  the 
undulation  has  been  within  sphere  r,  which  (if  r  is  a  metre)  is  large  enough  to 
include  from  13  to  25  hundred  thousand  (according  to  the  colour)  of  the  expanding 
light  waves. 

At  the  end  of  the  minute  P  and  the  rest  of  the  contents  of  sphere*  p  are  to 
be  annihilated,  and  quiescent  nether  is  to  be  substituted  for  them  within  that 
little  sphere. 

Two  minutes  latter,  i.e.,  when  t  ~  3  minutes,  the  immense  undulation  of 
spherical  waves  has  got  beyond  the  great  sphere  II,  and  has  advanced  into  the 
spherical  shell  between  spheres  2M  and  3M,  leaving  quiescent  rcther  behind  it. 

At  this  instant — z.<?.,  when  t  —  3  minutes — the  first  reversal  is  to  take  place, 
whereupon  the  waves  that  have  been  hitherto  outward  bound  become  inflowing. 

Let  them  pursue  their  new  course  after  this  first  reversal  until  the  time 
t  —  8  minutes.  By  that  time  the  undulation  has  converged  upon  the  focus,  has 
passed  it,  and  has  again  become  divergent  light,  each  part  of  the  undulation 
having  crossed  to  the  opposite  side  of  f.  When  the  epoch  t  -  8  minutes 
arrives  the  undulation  of  spherical  waves  is  travelling  outwards,  and  has  reached 
the  space  between  spheres  2M  and  3M,  and  sphere  it  lies  in  the  quiescent  space 
withm  the  undulation. 

At  this  instant — i.e.,  when  t  «  8  minutes — let  (lie  pecond  reversal  take  place. 
The  undulation  for  the  second  time  travels  inwards,  and  on  their  inward  journey 
the  spherical  waves  come  successively  to  coincide  with  sphere  R.  Accordingly 
if  we  divide  the  surface  of  sphere  R  into  its  elements  c/o-j,  d<r<z,  <&c.,  then  by 
Huygens's  theorem  we  may  substitute  undulations  of  hemispherical  wavelets 
radiating  inwards  from  the  innumerable  centres  d(rv  dor.,,  £c.,  to  take  the  place  of 
the  further  progress  of  the  inward-bound  undulation  of  spherical  waves.  Ae 
these  innumerable  undulations  of  wavelets  advance,  they  sweep  over  the  space 
occupied  by  sphere  ?*,  which  is  two  metres  across,  and  within  the  limits  of  that 
space  the  wavelets  differ  but  very  little  from  wavelets  that  are  accurately  flat  and 
accurately  uniform.  In  this  way  the  converging  spherical  waves  within  sphere  r 
succeeded  by  the  same  waves  diverging  after  they  pass  the  centre  of  the  sphere, 
produce  identically  the  same  motion  within  sphere  r  as  would  develop  itself  if 
the  innumerable  undulations  of  nearly  plane  wavelets  described  above  were 
made  to  sweep  across  it  simultaneously.  It  can  further  be  proved  that  the 
equation  of  energy  is  fulfilled  in  this  resolution,  and  that  in  every  respect  the 
resolution  is  a  true  physical  resolution. 

The  next  step  is  an  easy  one.  It  is  legitimate  by  an  application  of  the  method 
of  limits  to  make  the  wavelets  where  they  cross  sphere  r  ami  nil  My  plim-  wavelets 

1  A  metro-ten  is  the  tenth  of  the  metros  or  decimal  multiples  of  the  rnetre. 
In  other  words,  ty  is  10ia  metres. 
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and  accurately  uniform,  and  at  the  same  time  to  increase  the  size  of  sphere  r 
to  any  desired  extent.  When  this  has  been  done  we  obtain  the  following  in> 
portant  theorem  :-— 

THEOREM  I. 

The  undulation  of  spherical  waves  omitted  by  a  luminous  punctum  P  situated 
at  a  point  f  of  a  transparent  isotropic  medium,  together  with  that  preceding 
system  of  waves  converging  upon  /,  which  would  have  been  followed  by  this 
same  radiation  from  f  if  1*  had  been  absent — i.e.,  the  complete  undulation  of 
spherical  waves  which  embraces  an  entire  past  history  as  well  as  the  entire 
future  history  of  the  undulation — can  be  completely  resolved  into  undulations 
of  plane  wavelets,  each  wavelet  being  of  unlimited  extent  in  its  own  plane,  and 
uniform  throughout  that  extent.  And  this  resolution  is  a  true  physical  resolution 
and  not  merely  kinematical. 

An  adequate  conception  of  these  plane-wavelet  components  can  perhaps  be 
best  acquired  by  making  temporary  use  of  the  hypothesis  that  the  light  omitted 
by  P  consists  of  rays,  of  the  kind  with  which  we  are  familiar  when  the  useful 
hypothesis  that  light  consists  of  rays  is  made  the  basis  of  the  science  of 
geometrical  optics.  Here,  however,  we  are  to  obliterate  these  hypothetical  rays 
and  to  substitute  for  each  hypothetical  ray  a  real  undulation  oi  plane  wavelets, 
each  wavelet  having  it:*  wave-front  perpendicular  to  the  ray,  and  being  of 
unlimited  extent  in  the  plane  of  the  wavelet  as  well  as  uniform  throughout  that 
extent.  To  complete  the  picture  the  intensity  of  each  undulation  (i.e.,  the 
square  of  the  transversal  of  each  of  its  wavelets)  is  to  be  proportional  to  the 
intensity  which  we  ha\e  to  attribute  to  the  corresponding  hypothetical  ray  of 
geometrical  optics.  As  the  number  of  rays  is  unlimited,  so  is  the  number  of  the 
undulations  of  plane  wavelets  that  take*  their  place. 

The  investigation  requires  one,  other  fundamental  thereom,  of  which,  as  it  is 
a  well-known  theorem,  we  need  only  give  the  enunciation,  premising  that  the 
direction  in  which  an  undulation  of  plane  waves  travels  is  in  an  isotropic  medium 
perpendicular  to  the  wave  fronts. 

THEOREM  Jl. 

Any  number  of  undulations  of  uniform  plane  waves,  of  wave  length  X, 
advancing  in  the  same  direction  in  an  isotropic  medium,  may  be  united  into  a 
single  resultant  undulation  of  uniform  plane  waves  travelling  in  that  direction. 
(If  the  undulations  to  be  combined  are  variously  polarised,  the  resultant  undu- 
lation will  in  general  be  elliptically  polarised.) 

From  these  fundamental  theorems  several  useful  inferences  may  bo  drawn ; 
such  as— 

THEOREM  III. 

The  whole  of  the  light,  of  wave  length  >  emitted  by  any  visible  object, 
whether  self-luminous  or  requiring  incident  light  to  render  it  visible,  may  be 
lesolved  into  undulations  of  uniform  plane  wavelets,  of  which  there  need  be  only 
one  such  undulation  provided  for  each  direction  towards  which  light  is  propa- 
gated from  the  visible  object. 

This  is  an  immediate  corollary  from  Theorems  I.  and  II. 


THEOREM  IV. 

The  light  of  wave  length  X  traversing  any  portion  of  space  may  be  resolved 
into  undulations  of  uniform  plane  wavelets  sweeping  over  that  space,  of  which 
there  needs  only  one  such  undulation  in  each  direction. 

This  also  is  a  corollary  upon  Theorems  I.  and  IT. 
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THEOREM  V. 

The  light  of  wave  length  X  which  reaches  the  image  of  an  object  formed  by 
an  optical  instrument  may  be  resolved  into  undulations  of  uniform  plane  wave- 
lets, of  which  only  one  undulation  need  be  provided  for  each  of  the  directions 
along  which  light  reaches  the  image. 

This  theorem  is  a  particular  case  of  Theorem  IV. 

Light  may  be  resolved  into  wavelets  in  innumerable  ways.  Amongst  these 
the  analysis  into  undulations  of  uniform  plane  wavelets  possesses  the  unique 
advantage  that  as  each  undulation  advances  throuyh  upace  neither  it  nor  any  of 
its  parts  undergoes  change,  Hence 

THEOREM  VI. 

To  estimate  the  effect  produced  within  a  closed  space  or  by  the  light  that  has 
reached  a  given  image,  it  will  suilice  to  draw  cylinders  enveloping  this  space  or 
image,  in  all  the  directions  from  which  light  comes  to  it,  and  to  confine  our 
attention  to  the  portion  of  each  undulation  of  uniform  plane  wavelets  which  lies 
within  that  one  of  the  cylinders  which  is  perpendicular  to  its  wave  fronts. 

From  this  group  of  theorems  others  of  much  interest  follow ;  but  to  describe 
the  method  by  which  they  are  derived  would  necessitate  entering  upon  new  ground, 
and  would  unduly  prolong  the  present  abstract.  It  must  therefore  suiU<;e  to  say 
that  by  some  of  these  further  propositions  a  beam  or  pencil  of  light  is  resolved  into 
its  plane-wavelet  components,  each  of  indefinite  extent  laterally;  and  that  this 
resolution  renders  possible  a  study  of  the  phenomena  of  diffraction  gratings  when 
the  portions  of  light  that  reach  the  individual  reflecting  strips  come  from  inde- 
pendent sources. 

SOME  OF  THE  RESULTS  OBTAINED. 

These  theorems  have  made  it  possible  to  investigate  the  distribution  of  the  light 
which  is  thrown  off  by  visible  objects,  and  they  explain  the  experimental  effects 
seen  by  Professor  Abbe  when  light  was  incident  upon  microscopical  objects  under 
various  limitations  as  to  direction.  In  the  course  of  the  inquiry  the  total  light 
incident  on  an  object,  or  else  the  total  light  which  emerges  from  it,  has  to  be 
resolved  into  its  plane-wavelet  components ;  and  it  appears  on  applying  this 
method  of  analysis,  either  to  the  incident  or  to  the  emergent  light,  that  the  por- 
tions of  light  thrown  off  by  different  parts  of  the  object  are  capable  of  interfering, 
whether  those  portions  of  light  had  reached  the  object  from  the  same  or  from 
independent  sources. 

VERIFICATION  IJY  EXPERIMENT. 

After  confirming  these  results  by  a  repetition  of  Abbe's  observations  and  by  a 
large  range  of  other  experiments  with  the  microscope,  it  appeared  to  the  writer  to 
be  desirable  to  contrive  a  test  experiment  which  could  be  carried  out  with  more 
precision  than  is  possible  when  employing  the  microscope. 

A  ruling  of  parallel  equidistant  lines  seems  from  the  theoretical  point  of  view 
to  be  the  simplest  kind  of  visible  object  with  detail  upon  it  to  be  seen.  Accord- 
ingly the  object  chosen  for  experiment  was  a  Rowland's  diffraction  grating  with 
a  ruling  a  little  more  than  4£  centimetres  long,  arid  containing  about  26,000 
reflecting  strips. 

The  theoretical  investigation  indicated  that  the  light  thrown  off  by  the  grating 
should  be  in  the  same  directions  and  have  the  same  intensities,  whether  the 
incident  light  which  has  reached  the  several  reflecting  strips  have  come  from  the 
same  or  from  different  sources,  provided  that,  if  they  come  from  different  sources, 
equal  intensity  of  light  has  reached  the  several  strips. 

To  test  this  Miss  E.  A.  Stoney  proposed  to  bring  light  from  independent  sources 
to  t}ie  various  parts  of  the  gratjng  t>y  throwing  an  image  of  the  sun  upon  it ; 
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and  the  experiment  which  resulted  has  most  satisfactorily  confirmed  the  prediction 
of  theory. 

The  light  from  the  sun  was  reflected  from  a  heliostat  furnished  with  a  4-inch 
optically  fiat  mirror,  worked  hy  Sir  Howard  Orubb,  F.R.S.  The  mirror  is  silvered 
on  the  front,  and  may  he  relied  on  to  furnish  reflected  light  capable  of  forming  a 
good  image.  The  reflected  beam  was  received  by  a  horizontal  telescope  furnished 
with  a  2-inch  objective  by  Cook  and  an  eyepiece  by  Watson.  liy  this  apparatus 
an  image  of  the  sun  was  formed  in  a  vertical  plane  at  a  distance  of  a  little  more 
than  a  metre  from  the  telescope,  and  of  a  size  somewhat  larger  than  the  Rowland 
grating.  Whenever  there  happened  to  be  minute  spots  on  the  sun  at  the  time  of 
observation,  the  image  was  good  enough  to  show  them  satisfactorily. 

The  surface  of  the  grating  was  made  to  coincide  with  this  image,  90  that  the 
light  reaching  different  parts  of  the  grating  came  from  different  parts  of  the  sun. 
At  the  same  time,  in  consequence  of'  the  arrangements  described  above,  all  light 
reached  the  grating  from  nearly  l  the  same  direction,  viz.,  from  the  direction  in 
which  the  eye-stop  of  the  telescope  was  seen  from  the  grating. 

When  the  apparatus  was  set  up  in  this  way,  the  same  full  series  of  bright 
impure  spectra  were  produced  as  are  seen  when  the  portions  of  light  reaching  the 
several  reflecting  strips  come  from  identical  sources. 

Still  further  to  test  the  predicted  result,  a  spectroscope  slit  was  placed  near 
the  telescope,  in  the  position  of  the  eye-stop  of  the  telescope*.  This  reduced  the 
light  forming  the  image  of  the  sun  and  impaired  its  definition,  but  still  left  the 
image  good  enough  to  ensure  that  the  light  reaching  reflecting  strips  of  the 
grating  which  are  somewhat  distant  from  one  another  came  from  different 
parts  of  the  sun.  The  spectrum  of  the  second  order  on  one  side  was  then 
viewed  through  the  telescope  of  the  spectrometer,  when  the  Fraunhofer  lines 
were  well  seen  in  large  numbers.  The  E  group  in  the  green  was  carefully 
examined,  and  the  definition  was  so  good  that  all  but  one  J  of  the  30  lines  in 
Rowland's  great  map  were  seen.  The  closest  doubles  that  were  observed  to  be 
resolved  were  at  52(>5*K  in  the  E  group,  and  the  corona  line  with  the  iron  line 
adjoining  it  at  5.'J10'J).  The  spacing  of  these  doubles  is  about  ,J.  of  an  Angstrom 
unit,  which  in  that  part  of  the  spectrum  would,  according  to  Lord  Kayleigh's 
formula  (X/£X^=2w),  require  a  grating  of  16,000  lines  to  resolve  them  *in  the 
second  spectrum  if  the  grating  and  the  adjustments  were  perfect. 

The  performance  as  seen  was  regarded  a*  good,  considering  the  impossibility  in 
some  respects,  and  the  difliculty  in  others,  of  getting  the  adjustments  more  than 
approximately  made :  10,000  lines  occupy  2H  mm.  on  the  grating,  which  is  more 
than  an  inch.  It  therefore  extended  over  "a  considerable  part  of  the  image  of  the 
sun  which  illuminated  the  grating.  Moreover,  having  regard  to  the  fact  that 
the  biL'htnr^  of  the  light  reaching  the  different  reflecting  strips  was  not  quite,  the 
same,  and  to  the  other  -h^vtooiv.i;-.:-  mentioned  above,  it  seems  not  unlikely  that 
the  whole  of  the  26,000  reflecting  strips  of  the  grating  were  actually  in  operation 
to  produce  such  definition  as  was  observed.  If  so,  lijrht  was  made  use  of  from 
parts  of  the  imago  of  the  sun  as  far  asunder  as  1-J  inch. 

[No ft'  adtlnf  October  1JK)1. — The  experiment  is  very  much  improved  by 
introducing  a  collimating  lens  between  the  elit  and  the  grating.  The  lens  employed 
is  a  lens  of  73  cm.  focus,  and  was  set  up  at  a  distance  of  about  12  cm.  in  front  of 
the  grating.  It  does  not  sensibly  impair  the  image  of  the  sun  formed  on  the 
prating,  and  it  enables  the  .  V  •'  •  '  •  '  >  be  fit  fly  made  which  had  to  be  left 
imperfect  before.  When  tl.»  ,-.»:_  •  ••  •  •  were  carefully  made  the  spectrum  of 
the  sun  in  the  second  spectrum  did  not  appreciably  fall  short  in  either  definition, 

1  The  light  reaches  all  parts  of  the  grating  from  exactly,  and  not  only  nearly,  tho 
same  directions  when  the  collimating  lens  described  in  A'ote  above  is  added  to  the 
apparatus. 

a  The  line  not  seen  is  the  faint  chromium  line  of  wave  length  52 75- 3  i  and  of 
intensity  00  on  Rowland's  scale.  Jt  is  between  two  stronger  lines,  the  nearer  of 
which  is  of  intensity  1  and  at  a  distance  of  about  a  fifteenth  of  an  Angstrom  unit. 
This  is  too  close  for  resolution  by  a  grating  of  26,000  lines  in  its  second  spectrum. 
Tho  pair  are,  however,  widely  separated  by  tho  grating  that  was  used  in  its  fifth 
spectrum. 
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resolving  power,  or  purity  of  the  best  spectrum  that  can  be  obtained  when  the 
spectrometer  is  employed  in  its  usual  way,  i.e.,  with  the  image  of  the  sun  thrown 
on  the  slit.  No  doubt,  the  light  being  now  derived  from  a  large  extent  of  the 
sun's  disc,  sharp  lines  must  have  been  fringed  with  faint  and  narrow  wings  owing 
to  the  rotation  of  the  sun  ;  but  the  wings  were  too  faint  and  too  narrow  to  be 
visible  in  the  second  spectrum.] 

On  the  whole,  the  verification  of  the  effect  predicted  by  the  new  analysis 
appears  to  be  satisfactory. 

A  modification  of  the  experiment  can  be  made  in  the  absence  of  sunshine  bv 
throwing  the  image  of  a  flat  sodium  flame  upon  the  grating,  when  the  D  lines  will 
be  seen  beautifully  defined,  and  may  be  reversed  if  suitable  arrangements  are  made  in 
the  flame.  But  a  sodium  flame  cannot  be  made  truly  flat  or  truly  steady  so  as  to 
furnish  an  image  the  purity  of  which  may  be  relied  on  like  that  of  the  sun.  The 
solar  arrangement  for  making  the  experiment  is  therefore  to  be  preferred  when 
sunshine  and  sufficiently  good  apparatus  are  available. 


8.  A  Long  Period  Solar  Variation.^     Jiy  WILLIAM  J,  8.  LOCKYER. 

This  paper  consists  of  a  discussion  of  the  observations  of  the  measurement  of 
sunspot  areas  made  since  the  year  1833,  this  year  being  the  epoch  when  Schwabe 
commenced  his  series  of  sunspot  observations  on  a  systematic  basis.  The  actual 
dates  of  the  epochs  of  maxima  and  minima  of  sunspot  area  used  in  this  investi- 
gation were  those  given  by  Dr.  "Wolf  and  Dr.  Wolfer.  As  a  check  on  the  work 
the  important  results  of  Mr.  William  Ellis'  discussion  of  the  Greenwich 
Observations  of  the  Magnetic  Elements  were  utilised,  as  he  has  shown  that  the 
curves  representing  the  magnetic  elements  are  in  almost  exact  accord  with  that 
representing  the  solar  spotted  area. 

In  dealing  with  the  sunspot  curve  the  first  result  of  the  investigation  was 
to  indicate  that  the  intervals  between  a  minimum  and  a  following  maximum 
varied  regularly,  the  length  of  this  period  of  variation  amounting  to  a  little  more 
than  three  eleven-year  periods,  or  about  thirty-five  years.  The  magnetic  curves 
examined  in  the  same  way  indicated  precisely  a  similar  variation. 

An  inquiry  into  the  amount  of  spotted  area  included  in  each  interval  between 
consecutive  sunspot  minima  indicated  also  a  regular  variation,  the  period  being 
similar  to  that  mentioned  above — namely,  about  thirty -five  years. 

Further,  it  was  found  that  the  interval  in  time  between  consecutive  minima 
was  not  constant  but  varied,  as  far  as  could  be  judged,  regularly,  the  length  of 
the  period  increasing  and  decreasing  in  alternate  eleven-year  periods  from  a  mean 
value. 

The  paper  then  indicated  that  as  the  sun  may  be  considered  as  a  '  variable  ' 
star,  it  may  be  likened  to  the  well-known  variable  rj  Aquila*,  the  light  of  which 
changes  rather  similarly — i.e.,  the  interval  between  a  minimum  and  a  following 
maximum  has  a  short-period  variability,  and  the  period  from  minimuui  to  minimum 
alters. 

In  conclusion  the  author  referred  to  the  important  work  of  Professor  Ed. 
Bruckner,  who  had  indicated  that  the  changes  of  climate  were  periodical,  and 
that  the  mean  length  of  the  period  was  about  thirty-live  years:  to  Mr.  Charles 
Egeson's  investigations  on  territorial  meteorology  for  South  Australia ;  and  to 
Professor  Ed.  Eichter's  results  on  his  researches  on  the  movements  of  glaciers. 

All  these  investigations  indicated  clearly  a  periodical  change  in  the  meteorology 
of  the  earth's  atmosphere,  which  were  the  result  of  this  thirty-five  yearly  solar 
period,  as  shown  by  the  correspondence  of  the  respective  epochs. 

The  paper  then  indicated  that  the  next  'great '  maximum  of  sunspots,  similar 
to  that  of  1870  and  1835,  should  occur  at  the  approaching  maximum,  and  it 
would  be  interesting  to  see  whether  all  the  solar,  meteorological,  and  magnetic 
phenomena  of  those  two  periods  were  repeated. 

1  See  Proa.  Iloyal  Soc.  vol.  Ixviii.  p,  287). 
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The  conclusions  drawn  from  the  whole  investigation  were  as  follows : — 

1.  There  is  an  alternate  increase  and  decrease  in  the  length  of  a  sunspot  period, 
reckoning-  from  minimum  to  minimum. 

2.  The  epoch  of  maximum  varies  regularly  with  respect  to  the  preceding 
minimum. 

The  amplitude  of   this  variation  about    the    mean    position    is    about 

±  O8  year. 
The  cycle  of  this  variation  is  about  thirty-five  years. 

3.  The  total  spotted  area  included   between  any  two  consecutive  minima 
varies  regularly. 

The  cycle  of  this  variation  is  about  thirty-five  years. 

4.  There  is  no  indication  of  the  fifty-five-year  period  as  suggested  by  Dr.  Wolf. 
(5.  The  climate  variations  indicated  by  Professor  Bruckner  are  generally  in 

accordance  with  the  thirty-five-year  period. 

t>.  The  frequency  of  aurora*  and  magnetic  storms  shows  indications  of  a  secular 
period  of  thirty-five  years. 


DEPARTMENT  II. — METEOROLOGY, 
The  following  Report  and  Papers  were  read : — 

1.  Report  on  Meteorological  Observations  on  Ben  Nevis* 
See  Reports,  p.  54. 

2.  The  Seismograph,  as  a  Sensitive,  fiaromefcr. 
lly  F.  NAPIER  DEXISON,  Meteorological  Office^  Victoria,  JJ.C. 

Since  the  installation  of  a  '  Milne '  Seismograph  in  connection  with  the  Meteoro- 
logical Ollice  at  Victoria,  KG.,  in  September  1898,  the  author  has  taken  up  the 
study  of  the  various  movements  of  the  horizontal  pendulum  apart  from  those 
caused  by  earthquakes. 

In  order  to  make  a  thorough  in\  estimation  of  this  phenomenon,  the  author  has 
taken  the  photographic  records  from  this  instrument  for  the  years  1800  and  1000, 
amounting  to  over  3,000  feet  of  paper,  and  with  a  millimetre  and  time  scale  has 
measured  the  amounts  andtiuios  of  occurrence  of  all  changes,  including  the  diurnal 
and  longer  period  deflections.  These  observations  have  been  entered  '  .;  -;-oiji1,l\ 
designed  register,  and  as  these  observations  are  often  ofsulKcient  :i::s: !  •;..!•»  in 
necessitate  the  resetting  of  the  boom  by  altering  the  levelling  adjustment,  it  has 
been  necessary  to  correct  the  above  readings  in  order  that  the  true  and  continuous 
movement  be  obtained  during  these  years. 

By  studying  these  corrected  observations  in  conjunction  with  the  Victoria 
Synoptic  Weather  Charts,  the  author  became  convinced  that  most  of  these  move- 
ments were  due  to  meteorological  causes.  In  order  therefore  to  be  able  to  pursue 
this  study  further,  he  has  plotted  these  observations  upon  '1  inch  squared  paper: 
the  iimo  scale  used  was  r2'4  inches  per  day,  and  -1  inch  to  equal  one  millimetre. 
Above  this  curve  for  each  mouth  was  plotted  the  Victoria  barometer  from  the  tri- 
daily  observations,  and  surmounting  this  was  entered  the  tri-daily  record  of  the 
direction  and  velocity  of  the  winds  and  precipitation. 

The  results  from  the  plottings  for  the  year  1800  when  studied  in  conjunction 
with  the  corresponding  weather  charts  proved  so  interesting  that  a  brief  paper 
upon  this  subject  was  read  before  the  last  meeting  of  the  Royal  Meteorological 
Society.  Since  then  the  author  has  completed  the  plottiugs  for  1000,  and,  in  order 
to  increase  their  value,  has  added  the  Victoria  tidal  curve  also. 
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The  following1  notes  have  been  deduced  from  these  observations:  — 

(1)  The  crust  of  the  earth  is  depressed  under  areas  of  high  barometric  pressure, 
and  elevated  under  areas  of  low  pressure. 

(2)  When  the  barometer  is  high  over  the  Pacific  slope  from  British  Columbia 
to  California  and  low  over  the  adjacent  ocean,  the  horizontal  pendulum  is  deflected 
towards  the  east. 

(3)  When  the  barometer  is  high  oft1  the  coast  and  low  over  the  Pacific  slope, 
the  horizontal  pendulum  is  deflected  towards  the  west. 

(4)  The  horizontal  pendulum  tends  to  move  east  during  the  winter  months  and 
•west  throughout  the  summer. 

(5)  The  total  westerly  movement  (»ijrnifvinr*  a  depression  of  the  coast)  ex- 
ceeds the  easterly  swing  for  the  year  i»UJJ  by  54*0  millimetres  and  by  20-7  for 
1900. 

(6)  When  an  extensive  ocean  storm  area  is  approaching  the  coast  of  Van- 
couver Island,  while  the  barometer  is  high  over  the  Pacific  slope,  the  pendulum  will 
steadily  travel  eastward  before  the  coast  barometers  begin  to  fall,  or  its  presence 
is  noticeable  upon  the  synoptic  weather  chart. 

(7)  Should  such  a  storm  be  followed  by  an  extensive  high  pressure  area,  the 
pendulum  will  turn  and  move  steadily  toward  the  westward,  sometime  before  the 
local  barometer  begins  to  rise  and  before  the  winds  have  shifted  to  the  westward. 

(8)  Should  an  important  storm  area  move  down  the  coast  from  Alaska  and 
be  followed  by  an  extensive  one  of  high  pressure  and  a  cold  wave  i>\!i»iiiliiiir  from 
the  Yukon  south-eastward,  the  pendulum  swings  to  the  westward,  u-'S'ill\  1-f.ire  the 
storm  has  reached  this  latitude.     These  are  termed  abnormal  winter  movements, 
and  cause  the  few  cold  days  experienced  in  this  vicinity. 

(0)  The  greatest  monthly  range  occurs  during  the  stormy  winter  months,  and 
the  smallest  range  takes  place  during  the  summer  type  of  almost  continuous  tine 
weather. 

(10)  The  diurnal  range  is  most  pronounced  during  the  summer  months,  when 
the  greatest  amount  of  sunshine  is  recorded,  and  the  least  amount  of  rain. 

(11)  Fine  weather  is  usually  preceded  by  a  westerly  movement  of  the  pendu- 
lum, due  to  an  approaching  ocean  high  area  which  spreads  inland  over  the  province, 
while  further  south  the  barometer  is  comparatively  low. 

(12)  A  careful  perusal  of  the  two  years'  plotting  proves  that  during  the 
normal  type  of  summer  and  winter  barometric  distribution  the  barometer  and 
pendulum  curves  tend  to  come  totretlnM'a-  areus  of  low  pressure  approach  tbo  coa&t, 
and  diverge  when  high  areas  follow  the  same  course. 

The  above  brief  and  incomplete  summary  of  deductions  derived  from  theae  two 
years'  observations  is  respectfully  submitted  with  a  strong  desire  that  this  investi- 
gation be  taken  up  by  a  special  committee,  and  if  this  study  of  the  pendulum's 
warnings  tends  to  aid  the  forecasting  of  ocean  storms  upon  this  distant  seaboard  of 
the  empire,  may  not  a  similar  study  at  homo  lead  to  the  adoption  of  simple 
seismographs  throughout  the  kingdom  to  be  used  aa  sensitive  barometers,  as  an  aid 
in  warning  the  advent  of  the  great  Atlantic  storms  before  they  reach  the  western 
coast  I" 


3.  On  Meteorological  I'lteHonwwi  in  Halation  to  Chanyes  in  the  Vertical. 
JJy  Professor  J.  MILNK,  /'#.#, 


WSDNE8DA  r,  SEPTEMBER  18. 
The  following  Report  and  Papers  were  read  :— 

1,  Report  on  the  Determination  of  Magnetic  Force  on  Board  Ship* 
See  Reports,  p.  29. 
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2,  On  a  New  Form  of  Instrument  for  Obsr,rviny  the  Magnetic  Dip  and 
Intensity  on  Hoard  Ship  at  Sea.  By  Captain  E.  W.  CREAK.  C.#., 
F.R.S.  Sec  Reports,  p.  29. 

3.  Note  on  some  Results  obtained  with  the  Self-recording  Instruments 
for  ttw  Antarctic  Expedition,     tty  Dr.  R.  T.  GLAZKUROOK,  F.R.S. 


4.  On  a  Determination  by  a  Thermal  Method  of  the,  Variation  of  the 
Critical  Velocity  of  Water  with  Temperature,  tty  H.  T.  BARNES, 
M.A.Sc.,  D.Sc.,  Lecturer  in  Phytric*,  and  E.  G.  COKEK,  M.A.,  D.Sc., 
Assistant  Professor  of  Civil  Engineering ,  McCiill  University, 
Montreal. 

The  critical  velocity,  or  point  at  which  the  How  of  water  through  a  pipe 
changes  from  stream-line  to  eddy  motion,  lias  been  the  subject  of  a  series  of 
experiments  by  Osborne  Reynolds  from  the  philo*ophical  as  well  as  the  practical 
aspect .  Two  methods,  which  are  too  well  known  to  require  description,  were 
adopted  in  his  experiments — the  method  of  colour  bands  and  the  determination  of 
the  law  of  resistance  governing  the  flow  at  velocities  above  and  below  the  critical 
velocity.  From  the  results  of  his  work  Reynolds  was  able  to  verify  certain  mathe- 
matical deductions  as  to  the  eflect  of  viscosity  and  diameter,  which  led  to  exceed- 
ingly simple  expressions  for  determining  the  change  in  the  flow.  The  effect  of 
temperature  was,  however,  less  completely  Aerified.  In  so  far  as  the  critical 
velocity  is  dependent  on  the  viscosity,  the  temperature  coefficient  of  the  viscosity 
was  taken  as  representing  this  temperature  change.  General  experimental  results 
indicated,  at  least  approximately,  that  the  law  of  Poiseuille  for  the  flow  through 
capillary  tubes  held  for  the  critical  velocity  between  4°  and  22^  C.  It  was  deemed 
desirable  by  the.  authors,  on  account  of  the  large  effect  produced  by  temperature, 
to  determine  this  coefficient  directly  by  a  new  method,  and  more  especially  as  the 
law  of  1'oiseuille  itself  was  deduced  from  experiments  ranging  only  as  "high  as 

In  the  present  paper  a  new  thermal  method  of  measurement  is  described,  and 
also  experiments  by  this  method  with  a  brass  pipe  0*4 14  inch  in  diameter  at 
different  temperatures  between  15°  and  86°  0.,  together  with  the  general  results 
so  far  as  it  is  yet  possible  to  communicate  them,  showing  the  reformation  under 
perfectly  steady  and  uniform  conditions  of  the  stream-line  flow  at  velocities  very 
much  aiiove  the  critical  point  measured  by  Reynolds. 

Thermal  Method  of  Meawing  Critical  Velocity. 

If  water  he  heated  while  flowing  through  tubes  in  stream-line  motion,  the  distri- 
bution of  heat  throughout  the  water  column  is  not  uniform.  In  the  caw  where  the 
heat  is  applied  at  the  outside  of  the  tube,  as  in  the  experiments  oi  L.  Uraetz,  only 
the  few  layers  which  are  almost  stationary  in  direct  contact  with  the  tube  will  be 
heated,  while  the  inflow  water,  which  passes  directly  through  the  central  portion 
•at  a  much  greater  velocity,  will  remain  almost  entirely  unheated.  In  the  case 
where  the  heat  is  received  from  a  central  wire,  the  beat  is  carried  off  by  the 
•quickly  moving  water  in  a  cloak  as  it  were  around  the  wire,  leaving  the  sides  of 
the.  tube  uuheated.  At  and  beyond  the  point  where  eddies  make  their  appearance 
in  the  flow,  the  entire  column  of  water  ia  mixed  and  stirred,  and  the  temperature 
•distribution  becomes  uniform.  The  point  of  change,  or  the  critical  velocity,  may- 
be, then  very  clearly  defined  by  observing  the  sudden  increase  in  the  temperature 
•of  the  flowing  water.  In  some  of  the  first  experiments  this  change  of  tempera- 
ture was  observed  by  noting  the  increase  in  resistance  of  a  platinum  wire  threaded 
through  the  centre  of  the  tube  heated  on  the  outside,  and  the  preliminary  results 
showed  that  the  presence  of  a  wire  of  6  mils9  thickness  in  a  tube  of  about  $  inch 
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in  diametrr  V-l  iivpnn  n'lvno  measurable  influence  in  causing  an  earlier  breaking 
up  of  the  i-inum-liii-  il-»-A ."  Although  the  electrothermal  method  of  measurement 
was  quite  satisfactory,  it  was  found  that  the  point  of  change  was^  determined  more 
flimply  by  placing  the  bulb  of  a  sensitive  mercury  thermometer  in  the  path  of  the 
water  as  it  emerged  from  the  tube,  and  this  had  also  the  additional  advantage  of 
showing  the  true  temperature  of  the  water.  A  glass  prolongation,  of  slightly 
greater  diameter  and  connected  carefully  to  the  brass  pipe  by  a  specially  con- 
structed cone  or  adapter,  enabled  the  reading  of  the  thermometer  to  be  observed. 
It  was  a  matter  of  considerable  surprise  to  the  authors  to  see  the  very  sudden  way  in 
which  the  reading  of  the  thermometer  indicated  the  point  of  change  in  the  character 
of  the  iiow  by  an  almost  instantaneous  change  of  reading.  That  the  change  in 
the  •  .  V"  ;  s:  1:  *V-s  the  critical  point  was  shown  by  introducing  a  colour  band  in 
the  •  " '.  -i  ••  i  *  \ .  :M  which  case  the  band  disappeared  at  the  same  moment  the  jump 
in  the  thermometer  thread  took  place. 

Since  in  the  experiments  the  tube  was  heated  on  the  outside,  it  might  at  first 
sight  appear  that  the  temperature  difference  between  the  layers  of  water  in  direct 
contact  and  the  central  column  might  produce  a  disturbing  action  on  the  flow,  but 
as  this  temperature  difference  was  always  small,  the  total  jump  in  the  thermometer 
being  seldom  over  a  few  tenths  of  a  degree,  the  disturbance,  if  any,  was  reduced 
to  a  minimum.  Moreover,  special  experiments  were  repeatedly  made  to  determine 
a  possible  disturbing  effect  by  maintaining  the  temperature  of  the  walls  of  the 
tube  at  different  points  above  and  below  the  water  in  the  tube,  but  none  could  bo 
detected. 

It  was  necessary  to  have  only  a  few  degrees  difference  in  temperature  between 
the  walls  of  the  tube  and  inflow  water  to  obtain  a  measurable  reading. 

Description  uf  the  Apparatus. 

We  were  fortunate  in  having  at  our  disposal,  through  the  kindness  of  Dean 
Bovey,  the  facilities  afforded  by  tho  hydraulic  laboratory,  where  the  largo  experi- 
mental tank,  20  leet  high  and  '25  square  feet  in  area,  served  admirably  for  a 
reservoir.  The  tank  stood  on  the  bed  rock,  and  was  therefore  free  from  vibration 
or  disturbance,  and  after  the  eddies  had  died  out,  occasioned  by  tilling,  the  water 
was  in  as  completely  quiet  a  state  as  possible.  The  water  used  for  the  experi- 
ments was  supplied  from  the  Montreal  mains,  and  was  quite  clear.  It  would  not 
have  been  possible  to  use  distilled  water  owing  to  the  large  quantity  required,  but 
every  precaution  was  taken  in  the  way  of  repeated  cleaning  to  have  the  water 
pure.  . 

The  rest  of  the  apparatus  was  designed,  and  for  the  most  part  constructed,  in 
the  laboratory,  uud  served  admirably  for  fulfilling  the  required  conditions  for 
carrying  out  the  experiments.  Subsequently  it  was  found  that  by  a  few  simpl* 
alterations  the  method  of  colour  bands  could  be  used  as  well  for  the  experiments 
with  the  large  pipes. 

Each  of  the  metal  pipes  studied  was  fitted  with  a  metal  trumpet  flare  to  direct 
tbe  flow  as  it  entered,  the  point  of  junction  being  very  carefully  smoothed  so  as  to 
produce  no  disturbing  action.  The  walls  of  these  pipes  were  maintained  at  a  con- 
stant temperature,  above  or  below  the  temperature  of  the  water  flowing  through, 
by  means  of  a  jacket,  through  which  water  was  circulated  by  a  centrifugal  pump. 
A  graduated  valvu  regulated  the  How,  which  was  caught  and  measured  in  an 
accurately  calibrated  copper  measure. 

Experimental  Results. 

Two  tables  are  given,  the  first  showing  the  effect  produced  by  increasing  the 
head  of  water  in  slightly  increasing  the  critical  velocity;  and  the  second,  the 
effect  of  temperature  between  15°  and  86°  0.  These  experiments  were  made  with 
the  0414-inch  brass  pipe. 

Two  other  tables  are  given,  one  showing  the  agreement  of  the  observations  of 
Reynolds  by  the  method  of  colour  bands  with  those  of  the  iuthors,  when  reduced 
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to  a  size  of  pipe  equal  to  theirs,  and  the  other  showing  that  the  observations  of 
Reynolds  between  4°  and  22°  C.  give  a  closer  agreement  with  the  authors'  temper- 
ature formula  than  with  the  formula  of  Foiseuille. 

The  law  showing  the  dependence  of  the  critical  velocity  on  the  temperature 
obtained  by  the  authors  may  be  stated  thus : — 

P  =/  (T)  =  (1  +  '0300T  +  -000704-T)  ~  l 
between  15°  and  80U  C. ;  while  the  law  of  Poiseuille  reads  :— 


between  0°  and  45'  0. 

Experiments  on  Stream-line  Flow  at  High  Velocities. 

It  was  found  further  that  the  unusually  steady  conditions  obtained  in  the  large 
tank  conduced  to  some  ii:*-p- -*in»  results  in  regard  to  stream-line  flow  at  high 
velocities.  For  certain  si/.---  n1"  pip-'.-,  over  half  an  inch  to  as  large  as  the  authors 
have  yet  used,  i.e.,  2}  inches,  the  How  re-formed  again  to  stream-line  above  the 
critical  point  of  Reynolds,  and  persisted  apparently  as  the  stable  flow  to  velocities 
ranging  from  1:2  to  :20  feet  per  second.  Beyond  these  velocities  they  were  unable 
to  go,  but  in  some  instances  no  sign  of  breaking  down  occurred  at  these  points. 

Two  experiments  were  tried,  which  illustrate  clearly  that  water  flowing  with 
a  perfectly  smooth,  uuruflled  surface  is  in  stream-line  motion.  A  circular  orifice 
was  inserted  in  the,  side  of  the  tank,  which  gave  a  clear  rod-like  jet  of  water  that 
issued  horizontally  under  a  high  head  and  curved  in  a  parabolic  arc  under  gravity* 
After  nil  initial  disturbances  had  died  out  in  tho  tank  a  colour  band  was  intro- 
duced by  bringing  the  colour  tube  to  within  about  3  inches  of  the  centre  of 
tho  oriticn.  A  clearly  defined  anil  sharp  line  of  colour  threaded  its  way  through 
the  jet  of  water,  shifting  slowly  from  centre  to  side  and  back  to  centre  again, 
affected  probably  by  slight  movements  in  the  tank.  This  thread  of  colour  was 
distinctly  visible  down  to  tho  point  where  tho  jet  of  water  impinged  against  the 
waste  weir,  a  distance  of  15  feet.  By  introducing  an  excess  of  colour  a  similar 
phenomenon  to  the  breaking  down  of  the  stream-line  flow  in  a  tube  was  noted, 
and  the  jet  became  suffused  with  colour,  broken,  and  unsteady  up  to  within  a  foot 
or  two  of  the  orifice.  On  reducing  the  quantity  of  colour  the  stream-lines 
re-formed  and  the  water  became  smooth,  clear,  and  steady,  threaded  by  the  sharp 
line  of  colour  as  before.  Two  sharp-edged  orifices  were  tried,  :{  and  2£  inches 
diameter  respectively,  with  coefficients  of  discharge  equal  to  0-070.  With  the 
heads  used  the  highest  velocity  reached  by  the  outflowing  water,  calculated  in 
the  usual  way  from  the  formula 


was  30  feet  per  second. 

5.   The  Interference  and  Polarisation  of  Electric  Waves. 
Jit/  Professor  (J.  QUINCKK.     Sec  Reports,  p.  39. 

6.  On  the  Effects  of  Ma(/neti.iatiou  on  the  Electrical  Conductivity  of  Iroft 
and  Nickel.    By  GUY  BAHLOW,  fi.Sc. 

Tho  object  of  the  experiments  was  to  determine  whether  any  simple  relation 
exists  between  the  change  of  electrical  reoistaiico  and  the  intensity  of  magnetisation 
in  iron  and  nickel  wire  when  magnetised  longitudinally.  The  eiiects  of  hysteresis 
as  shown  by  tho  magnetic  change  of  resistance  weru  also  examined. 

The  Wheatstono  Bridge  method  was  employed,  with  a  bridge  wire  of  low 
resistance.  Tho  experimental  wire  was  wound  longitudinally  on  a  thin  rod  of 

1001  oo 
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wood,  the  '  comparison '  coil  being  of  copper,  and  wound  close  to  it  on  the  same 
bobbin.  These  coils  were  enclosed  in  a  glass  tube  and  placed  within  the 
magnetising  coil  which  was  provided  with  a  water-jacket. 

Auxiliary  coils  of  German  silver  \yere  connected  in  the  other  two  arms  of  the 
bridge  so  as  to  increase  the  sensibility  of  the  arrangement.  The  magnetisation 
was  determined  by  the  ballistic  method.  Wires  of  iron,  steel,  and  nickel  were 
examined.  The  curves  of  '  ascending  reversals '  were  obtained  for  the  change  of 
resistance  and  for  tho  mntfnotfcatinn.  A  comparison  of  these  curves  shows  the 
manner  in  which  the  HIJIMLV  of  resistance  depends  on  the  magnetisation.  The 
results  obtained  by  this  method  showed  that  the  change  of  resistance  in  not 
proportional  to  any  single  power  of  the  magnetisation,  but  can  be  represented  by  a 
function  of  the  type  al*  +  bll  +  cl0. 

Hysteresis  loops  were  also  obtained  showing  the  effect  of  cyclic  variations 
bf  field  on  the  change  of  resistance  and  on  the  magnetisation  in  the  samo 
specimens.  These  curves  show  that  the  change  of  resistance  vanishes  in  tho  cycle 
-When  the  magnetisation  vanishes,  but  the  change  of  resistance  shows  considerable 
hysteresis  with  regard  to  the  magnetisation. 


7.  The  Influence  ofct  Magnetic  Field  on  the  Yiscn&ity  o 
Liquids.     By  Professor  A.  <*RAY,  F.R.S. 


8.  The  Influence  of  a,  3f(tf/netic  Field  on  the  Vincnsify  of  Maynetisabh 
Solids.     By  Professor  A.  GRAY,  F.R.S. 


,  9.  Magnetisation  of  Electrolytic  Nickel. 
By  JAMKS  W.  PECK  aiid  ROBERT  A.  HOUSTOUN. 

An  account  is  given  of  experiments  in  progress  to  determine  the  magnetic 
quality  of  elect rnlytically  deposited  nickel.  The  method  of  deposition  is  described, 
and  the  difficulty  of  getting  adherent  deposits  of  sufficient  thickness  i»  pointed 
out.  Magnetic  measurements  (by  the  ballistic  atep-by-step  method)  made  upon 
the  nickel  arc  jjiven,  and  for  purposes  of  companion  similar  measurements  for 
specially  pure  nickel  wires  are  made.  These  wires  contained  only  from  0-125  per 
Cent,  to  0-42  per  cent,  of  impurity  (chiefly  iron).  Values  for  II,  I,  It,  A-,  p  am 
given  ;  and  hysteresis  cycles  and  permeability  curves  are,  drawn  out.  A  moving 
coil  galvanometer  (as  recommended  by  Ewing)  is  used  for  many  of  the  ballistic 
measurements*  and  is  found  to  bo  very  convenient. 

10.  A  New  Form  of  Permeameter.     By  Professor  P.  O.  BAILY,  If. A. 

The  apparatus  depends  on  the  measurement  ol1  tho  ratio  of  I!  to  fl  in  the 
sample.  A  complete  magnetic  circuit  in  formed  by  two  lengths  of  the  sample 
joined  by  short  iron  blocks  at  the  ends.  Magnetising  coilh  nru  placed  round  the 
sample.  In  one  of  the  blocks  is  a  narrow  gap  purjiendiculur  to  the  direction  of  tho 
lines  of  force.  Above  this  is  pivoted  a  pair  of  astatic  magnets.  The  lower 
magnet  is  influenced  by  the  difference  of  magnetic  potential  between  the  two  hides 
of  the  gap,  the  force  being  proportional  to  B.  Hound  the  upper  magnet  is  placed 
a  small  coil  in  series  with  the  main  magnetising  coils,  which  acts  on  the  magnet 
with  a  force  proportional  to  II.  Using  the  principle  of  the  sine  galvanometer,  the 
Coil  is  rotated  until  the  two  forces  are  balanced,  the  position  of  the  magnet,  system 

being  along  the  line  of  the  gap.    Then  /u  »  J   ^  f(ff).    The  coil  is  ahaped  to  give 

ftp  almost  uniform  scale  through  some  80*  of  arc,  and  the  permeability  in  read 
riirflot.lv  on 
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The  scale  is  calibrated  for  a  standard  size  of  specimen,  and  the  value  for  any 
bther  size  is  obtained  by  multiplying  by  the  ratio.  A  wide  range  is  obtained  by 
using  only  a  part  of  the  magnetising  coils  when  the  permeability  is  high. 

The  masrneti-in?  force  is  read  on  a  separate  instrument,  such  us  a  suitable 
amperemeter.  Itegulatiug  resistances,  a  reversing  switch  for  demagnetising,  and 
a  switch  for  altering  the  range  are  added. 


11.  Note  on  tlw  Coherer.    J}y  Professor  JAMES  BLYTH,  M.A.,  LL.D. 

The  object  of  this  note  is  to  draw  attention  to  some  experimental  results  con- 
nected with  the.  ordinary  filings-coherer,  which  I  can  hardly  thiuk  are  new,  but 
which  L  have  not.  seen  specially  noticed. 

When  a  coherer  is  placed  in  circuit  with  a  battery,  and  when  no  current 
parses  through  it,  it  is  obvious  that  its  terminals  must  correspond  to  the  charged 
plates  of  a  condenser,  and  that  the  JM).  between  them 
must  be  equal  to  the  K.M.F.  of  the  battery.  Let  AB 
be  the  coherer  and  C  the  battery,  then  the  I'M),  between 
A  and  B  isequal  to  tin-  K.M.F.  of  C.  If  now  A  and  B  b»> 
connected  for  an  instaul  by  a  circuit  containing  a  coil  K 
having  .self-induction,  the  coherer  AB  will  be  found  to 
have  assumed  the  conducting  instead  of  the  insulating 
condition.  This  can  be.  teMed  by  switching  a  galvano- 
meter into  the  battery  circuit  ami  observing  the  deflec- 
tion. If,  however,  the  coherer  AH  be  short-circuited 
for  an  instant  by  a  coil  having  the  same  nwtance  ah  K, 
but  wound  so  as  to  have  no  self-induction,  the  coherer 
does  not  become  a  conduct  or. 

This  would  seem  to  show  that  the  disclmrge  of  the 
condenser-coherer  must  be  of  a  distinctly  oscillatory  nature  before  the  well-known 
effect  of  coherence  is  produced. 

The  next  result  1  have  to  refer  to  depends  essentially  on  the  same  cause. 

Let  two  coherers  AB  and  CD  be  included  in  the  same  circuit  with  a 
battery  F  and  a  galvanometer  or  bell  U.  Al*o  let  n  Vo«*s  machine  be  placed 
near  AB  so  an  to  produce  an 
oscillatory  spark  near  AH,  but  f, 

let  CD  be  placed  so  far  nivay 
as  to  be  beyond  the  direct 
action  of  the  spark  ;  then  in 
general  it  will  be  found  thai 
when  AB  becomes  a  conductor 
suddenly  the  jerk  given  to  CD 
in  sufficient  to  make  it  also  n 
conductor,  and  the  galvanometer  will  deflect  or  tlio  bell  ring.  If  CD  be  now 
tapped,  the  bell  atop,*,  although  AB  has  been  left  untouched.  This  sho\\>  that 
if  one  coherer  in  a  circuit  suddenly  osMimr*  the  conducting  condition  all  other 
<x>herers  in  the  Mime  circuit  tend  to  do  t  he  Mime. 
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SECTION  B.— CHEMISTRY. 
PBESIDENT  OP  THE  SECTION— Professor  PERCY  F.  FKANKLAND,  Ph.D.,  F.K.S* 


THURSDAY,  SEPTEMBER  12. 
The  President  delivered  the  following  Address: — 

The  Position  of  British  Chemistry  at  the  Dawn  of  the  Twentieth  Century* 

Two  circumstances  unite  in  rendering  this  year  especially  appropriate  for  the 
survey  and  valuation  of  all  departments  of  British  life  and  organisation — the 
dawn  of  a  new  century,  the  close  of  the  Victorian  era.  It  is  a  moment  when  not 
t>nly  the  nation  as  a  whole,  but  every  group  of  persons  drawn  together  by  what- 
ever bond,  and  indeed  each  individual  for  himself,  must  involuntarily  ask  the 
question,  Are  we  progressing  or  receding,  or  are  we  standing  still  ?  Upon  us, 
then,  who  are  bound  together  by  the  common  interest  which  we  have  in  that 
science  to  which  this  Section  is  devoted  there  forces  itself  the  question ,  "What  is 
the  position  of  British  Chemistry  at  the  present  moment,  how  does  this  present 
bear  comparison  with  the  past,  and  what  are  the  prospects  for  the  future  P 

To  bring  before  you  some  considerations  with  respect  to  the  answer  which 
should  be  given  to  this  question,  or  rathor  series  of  questions,  will  be  my 
endeavour  in  responding  to  the  honour  which  has  bet'n  conferred  on  me  of 
inaugurating  the  work  of  our  Section  at  this  Meeting  of  the  Association. 

it  is  with  no  light  heart  that  I  undertake  this  taskj  for  there  are  present  here 
to-day  those  whose  much  longer  experience  and  far  more  intimate  connection  with 
the  progress  of  our  science  render  it  presumption  on  my  part  to  address  them  on 
this  subject  at  all. 

It  is  well  known  that  the  history  of  British  Chemistry,  as  indeed  that  ot 
British  Science  in  general,  is  a  very  remarkable  one :  it  is  almost  entirely  made  up 
of  achievements  which  are  the  result  of  private  initiative  ;  and  the  persons  who 
have  taken  part  in  the  making  of  this  history  have,  with  some  notable  exceptions, 
not  been  servants  of  the  State,  and  have  thus  differed  from  the  makers  of  scientific 
history  in  almost  every  other  country  in  the  world.  Thus  the  opportunities  for 
the  investigations  which  are  recorded  in  the  '  Transactions '  of  our  Chemical 
Society  have,  for  the  most  part,  not  been  provided  out  of  the  public  purse,  but 
by  private  individuals  or  by  institutions  which  have  been  created  by  private 
benefaction. 

This  unique  condition  of  things  is  well  illustrated  by  taking  up  a  volume  of 
the  '  Chemical  Society's  Journal '  and  glancing  at  the  table  of  contents. 

Thus  in  the  volume  for  1881,  taken  at  random,  we  iind  that,  out  of  the  seventy- 
five  original  communications  which  it  contains,  only  thirteen  emanate  from 
Government  laboratories,  whilst  what  will  surely  not  a  little  surprise  the  scientific 
historian  of  some  centuries  hence  is  the  circumstance  that  there  are  only  four 
communications  from  the  so-called  'ancient  seats  of  learning'  of  the  United 
Kingdom,  no  fewer  than  three  of  which  are  by  one  and  the  same  investigator. 
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Again,  most  noteworthy  is  the  fact  that  as  many  as  five  contributions  are  from 
distinguished  amateurs.  We  have  been  told,  on  what  many  persons  regard  as 
high  authority,  that  England  is  suffering  from  amateurism  in  all  departments  of 
life;  and  however  true  this  may  be  as  a  general  proposition,  the  amateurs  of 
British  Science,  like  Gladstone,  Schunck,  and  Perkin  amongst  living  chemists,  are 
assuredly  some  of  the  most  valued  possessions  of  this  country. 

On  looking  back  a  quarter  of  a  century  into  the  past  it  is  at  once  apparent 
how  greatly  during  that  short  period  of  time — leas  than  a  generation  of  men — 
have  the  opportunities  for  higher  chemical  training  been  extended  and  multiplied 
in  our  midst.  I  think  I  shall  not  be  far  wrong  in  saying  that  until  twenty-five 


University 

laboratories  of  England,  Scotland,  and  Ireland,  as  well  as  those  of  the  Queen's 
Colleges  and  of  the  Royal  College  of  Science  in  the  sister  island :  to  which  must 
bo  added  the  laboratories  of  two  institutions  of  a  somewhat  different  type,  via., 
Owens  College,  Manchester,  and  Anderson's  College,  in  this  great  city  of  the 
north.  It  is  the  rapid  multiplication  of  institutions  of  the  Owens  College  type 
that  constitutes  probably  the  most  important  feature  in  the  higher  intellectual 
development  of  the  population  of  this  country  during  the  past  quarter  of  a 
century ;  indeed,  it  may  very  possibly  be  found  in  the  future  that  this  constitutes 
the  most  striking  landmark  in  the  history  of  British  intellectual  progress  during 
recent  times.  A  glance  at  the  following  table  will  show  the  remarkably  rapid 
growth  of  these  institutions  during  the  last  quarter  of  the  nineteenth  century: — 


Opcniny  of  University  Colleges. 


University  College,  London  . 
King's  College,  London 
Owens  College,  Manchester . 
Durham  College  of  Science,  New 

castle         .... 
University  College,  Aberystwith 
Yorkshire  College,  Leeds 
University  College,  Bristol   . 


1828 
1831 
1851 

1871 
1872 
1875 
1876 


University  C  Moiro,  X«  Mingham 
Firth  College,  S!|.(;!i.-!.i 
Mason  College,  Birmingham 
University  College,  Liverpool 
University  College,  Dundee  . 
University  College,  Cardiff    . 
University  College,  Bangor  . 


1877 
1879 
1880 
1882 
1882 
1883 
1884 


Finsbury  Technical  College  \  „.. 
Central  Institution  } l  lty 


f  1883 
'\1885 


Thus  tl  '  of  the  greater  number  of  these  institutions  falls  within  the 

decade  ]  - .  -  ••  I 

The  benefits  arising  from  the  creation  of  these  numerous  institutions  have 
not,  however,  been  by  any  means  limited  to  those  persons  who  have  actually  taken 
advantage  of  their  instruction,  for  their  existence  has  stimulated  the  establish- 
ment of  many  other  institutions,  some  of  which,  like  the  two  Colleges  founded 
and  maintained  out  of  the  resources  of  the  City  and  Guilds  of  London,  although 
more  limited  in  their  scope,  afford  equal  or  even  greater  opportunities  for  higher 
scientific  training  in  the  particular  branches  which  are  represented. 

The  foundation  of  these  University  Colleges  and  of  other  institutions  for 
higher  education  by  private  initiative,  and  without  a  particle  of  assistance  from 
the  public  exchequer,  is  quite  in  keeping  with  the  history  of  a  country  in  which 
it  is  ^ecognised  that  the  Government  does  not  lead,  but  only  follows  where  it  is 
drawn  or  propelled. 

It.  would  certainly  be  anticipated  that  such  a  large  addition  to  the  machinery 
for  higher  scientific  training  as  is  represented  by  the  creation  of  these  numerous 
local  colleges  during  the  past  twenty-five  years  would  have  had  a  marked 
influence  on  the  output  of  scientific  discovery  in  this  country.  We  will  endeavour 
to  ascertain  whether  such  a  result  is  discernible  in  the  case  of  chemical  science. 
Turning  to  the  4  Transactions  of  the  Chemical  Society,'  I  have  compiled  the 
following  table  in  the  hope  of  obtaining  some  information  on  this  point ; 
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Original  Communications  in  the  Transactions  of  tlie  Chemical  Society. 


1849  . 

1850  . 
18/51  . 

1852  . 

1853  . 

1854  . 

1855  . 

1856  . 

1857  . 

1858  . 

1859  . 

1860  . 

1861  . 


.  29 

1802 

.  33 

1863 

.  33 

1864 

.  28    1865 

.  22 

1866 

.  23 

1867 

.  30 

1868 

.  14 

1869 

.  14  ;  1870 

.  30 

1871 

.  21 

1872 

.  25 

1873 

.  32 

1874 

.    .  81 

1875  . 

.  49 

1888  . 

.  75 

.  r>i 

1876  . 

.  54 

1889  . 

.  71 

.  54 

1877  . 

.  58 

1890  . 

.  71 

.  49 

1878  . 

.  61 

1891  . 

.  95 

.  47 

1879  . 

.  84 

1892  . 

.  90 

.  49 

1880  . 

.  75 

1893  . 

.  104 

.  47 

1881  . 

.  75 

1894  . 

.  83 

.  37 

1882  , 

.  65 

1895  . 

.  116 

.  38 

1883  . 

.  63    1896  . 

.  117 

.  28 

1884  . 

.  57  '  1897  . 

.  114 

.  32 

1885  . 

.  85  j  1898  . 

.  102 

.  46 

1886  . 

.  85  ,  1899  . 

.  120 

.  49 

1887  . 

.  88 

1900  . 

.  127 

The  information  furnished  by  these  figures  is  also  presented  in  a  graphic  form 
by  means  of  the  lower  curve  in  the  diagram  facing  p.  593. 

The  activity  displayed  in  chemical  research,  as  measured  by  the  number  of 
original  communications  to  the  Chemical  Society,  is,  however,  best  followed  by  a 
consideration  of  the  aggregate  number  of  papers  contributed  during  the  three 
following  decades : — 


Decade 
1855-186-4 
1865-1874 

1875-1884 
1885-1894 


Total  Number  of  Papers  in 
{  Transactions  of  Chemical  Society* 
352 
422 
(541 
847 


From  these  figures*  it  is  manifest,  even  without  the  application  of  any  of  those 
mathematical  processes  in  which  modern  chemists  are  becoming  so  expert,  that 
the  most  remarkable  increase  in  the  number  of  original  investigations  is  indeed 
coincident  with  that  decade,  1875-1884,  in  which  tho  great  majority  of  the 
institutions  to  which  I  have  referred  began  to  throw  their  prismatic  rays  of 
knowledge  on  many  thousands  who  until  then  were  sitting  in  shadow  or  even  in 
darkness. 

That  these  new  institutions  should  have  so  immediately  borne  fruit  in  the 
manner  I  have  indicated  cannot  fail  to  be  surprising  to  those  who  have  been 
associated  with  the  early  years  of  almost  any  of  these  colleges,  for  when  a  faithful 
record  of  the  experiences  of  their  first  professors  is  written  the  extraordinary 
obstacles  which  these  pioneers  had  to  encounter,  and  which  in  so  many  cases  they 
successfully  overcame,  should  afford  material  for  a  most  remarkable,  instructive, 
and  even  amusing  volume.  The  worthy  founders  and  their  executors  or  trustees 
appear  in  general  to  have  supposed  that  it  was  only  necessary  to  provide  a 
spacious  building,  and  then  appoint  a  staff  of  professors  who  were  to  do  the  rest, 
whilst  the  necessity  of  funds  for  annual  upkeep,  for  libraries,  and  for  assistants 
was  almost  overlooked. 

It  has  indeed  been  learnt  by  bitter  experience  that  the  cost  of  efficiently 
maintaining  institutions  of  this  most  ambitious  character  is  enormously  greater 
than  was  supposed  in  this  country  twenty-five  years  ago,  and  that  founding  a 
college,  far  from  resembling  the  inauguration  of  a  remunerative  business,  is  very 
like  entrance  into  the  bond  of  matrimony,  with  its  attendant  annually  increasing 
demand  upon  the  pecuniary  resources  of  the  paterfamilias. 

It  would  not  indeed  be  surprising  if  some  of  these  modern  colleges  had  been 
long  debarred  from  contributing  directly  to  the  progress  of  scientific  investigation 
in  this  country,  for  this  was  often  assuredly  considered  amongst  the  least  of  the 
many  arduous  duties  imposed  upon  their  first  professors.  Ascertained  capacity  to 
enrich  science  was  in  some  cases  almost  a  presumptive  disqualification  for  tueir 
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chairs,  or  at  any  rate  took  a  back  seat  beside  enthusiasm  for  evening  classes  and 
faith  in  the  efhcacy  of  that  mysterious  panacea  'technical  instruction/  It  is 
Indeed  lamentable  to  think  of  the  valuable  years  of  productive  work  lost  to  the 
country  through  so  much  of  the  energy  of  these  early  professors  having  been 
sacrificed  to  these  veritable  fetishes  of  our  would-be  educational  reformers. 

Notwithstanding  the  unfavourable  conditions  under  which  most  of  these 
university  colleges  had  in  the  first  instance  to  carry  on  work,  it  was  not  long 
before  they  showed  that  they  were  to  become,  even  during  the  tenure  of  office  of 
their  first  professors,  important  centres  for  the  prosecution  of  research — at  least 
as  far  as  chemical  science  was  concerned.  Owens  College  had  indeed  already 
led  the  way  in  this  matter  before  the  period  with  which  I  am  more  especially 
concerned  to-day,  for  there  the  first  professor  of  chemistry  had  pursued  his 
memorable  investigations  on  the  organo-metallic  compounds,  and  had,  within  the 
first  five  years  after  the  foundation  of  the  College,  enunciated  that  generalisation 
which  was  subsequently  extended  into  the  law  of  valency  ;  whilst  under  his  suc- 
cessors, Sir  Henry  lloscoe,  Schorlemmer,  Harold  Dixon,  and  Perkin,  jun.,  the  Owens 
College  has  become  perhaps  the  largest  and  best  equipped  school  of  scientific 
chemistry  in  the  British  Islands. 

From  the  Yorkshire  College,  Leeds,  opened  in  1875,  there  proceeded  imme» 
diately  in  rapid  succession  that  whole  series  of  careful  investigations  relating 
more  especially  to  specific  volume  and  other  physical  constants  which  we  associate 
with  its  first  chemical  professor,  Thorpe,  and  his  coadjutors. 

In  the  west  of  England,  where  the  University  College  of  Bristol  was  opened 
in  1870,  the  chair  of  chemistry  was  first  occupied  by  the  man  who  has  so  recently 
once  more  proved  to  the  world  that  there  are  discoveries  made  in  these  islands 
which  for  striking  originality  and  independence  are  unsurpassed  and  hardly 
equalled  elsewhere.  It  was  during  his  tenure  of  the  chair  at  Bristol  that 
Kanisay,  assisted  by  his  able  fellow-worker  and  successor  Sidney  Young,  carried 
out  those  important  and  most  laborious  "--.---•*"  -4'--.  •  .  ipour  pressure  and 
the  thermal  properties  of  liquids  which  •  •  ! .  \  .-  :  his  extraordinary 
fertility  and  resource  as  an  experimenter,  but  also  revealed  that  exceptional 
freshness  of  mind  which  has  enabled  him  to  discern  new  methods  of  attacking 
problems  that  have  already  engaged  the  attention  of  many  able  men  before 
him. 

Turning  from  the  west  of  England  to  the  Midlands,  where,  in  1880,  there  was 
founded,  through  the  private  munificence  of  the  late  Sir  Josiah  Mason,  a  college 
bearing  his  name,  which,  before  even  attaining  its  majority,  was  transformed  at 
the  psychological  moment,  as  by  the  wand  of  the  magician,  into  the  University  of 
Birmingham.  The  first  professor  of  chemistry  at  the  Mason  College,  my  dis- 
tinguished predecessor,  Tilden,  soon  made  opportunity  there  to  continue  thoso 
early  researches  on  the  terpenes  with  which  his  name  will  always  be  associated. 
We  find  him  also  further  elaborating  the  important  uses  as  a  reagent  of  nitrosyl 
chloride,  which  he  had  a  number  of  years  previously  shown  how  to  prepare  in  a 
state  of  purity,  and  which  has  played  a  somewhat  similar  part  in  the  exploration 
of  the  terpene  hydrocarbons  that  phenylhydrazine  has  done  in  the  elucidation  of 
the  sugar-group.  In  addition  to  these  investigations  we  find  Tilden  at  Birmingr 
ham  also  turning  his  attention  to  some  of  the  phenomena  attending  the  solution  of 
baits.  The  younger  men  attached  to  the  Mason  College  also  found  there  the  oppor- 
tunity of  enriching  chemical  science  with  the  results  of  notable  investigations;  fqr 
do  we  not  all  remember  Thomas  Turner's  valuable  contributions  to  our  know- 
ledge of  the  influence  of  chemical  composition  on  the  physical  and  mechanical 
properties  of  cast  iron  ?  Whilst  early  amongst  those  detailed  investigations  on 
the  phenomena  of  solution,  which  in  recent  years  have  had  such  far-reaching 
effects  on  the  development  of  our  science,  must  be  mentioned  3)r.  NicoTs  experi- 
nients  on  the  volume  changes  attending  the  mixture  of  salt  solutions,  and  on 
the  molecular  volume,  the  boiling-point,  and  expansion  of  such  solutions. 

In  the  bleak  north-east  of  our  island,  at  Dundee,  where  a  college  was  founded 
in  1882  with  an  extremely  handsome   endowment  by  members  of  the  Baxter  ' 
family,  the  first  professor  of  chemistry,  Ca.rnelley,  firepl  by  tftat  restless  and  almost; 
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perfervid  energy  which  doubtless  hastened  his  untimely  end,  soon  found  oppor- 
tunity to  interrogate  Nature  in  various  directions,  notwithstanding  the  arduous 
teaching  duties  which  his  insatiahle  love  of  work  had  imposed  upon  himself.  Thus, 
already  in  1884,  we  find  him,  in  his  quest  for  material  which  should  throw  light 
on  the  periodic  relationship  of  the  elements,  continuing  his  laborious  work  on 
melting-points  and  publishing  those  two  ponderous  quarto  volumes  in  which  every 
known  melting-point  was  recorded,  and  forming  truly  one  of  the  most  remarkable 
compilations  ever  attempted  in  our  science.  Of  these  volumes  he  might  indeed 
have  said,  t  Exegi  monumentum  lure  perennius/  for  they  will  assuredly  prove  a 
record  of  the  boundless  energy  which  characterised  the  man,  more  imperishable 
even  than  the  memorial  tablet  erected  by  his  admiring  students  and  friends  in 
the  entrance  hall  of  the  Dundee  laboratory,  which  he  built  and  loved  so  well. 

Yet  another  chemist,  whose  untimely  death  we  have  had  to  lament  during  the 
past  twenty  years,  laboured  with  marked  zeal  in  one  of  these  new  colleges,  for  it 
was  at  Aberystwith  that  Humpidge,  regardless  of  his  delicate  health  and  in  spito 
of  the  altogether  unreasonable  burden  of  teaching  duties  imposed  upon  him  by  the 
terms  of  his  appointment,  contributed  to  our  knowledge  of  the  atomic  weight  of 
beryllium,  and  participated  in  establishing  the  position  occupied  by  that  metal  in 
the  natural  classification  of  the  elements. 

Time  does  not  permit  me  to  further  dilate  upon  the  great  activity  displayed  by 
many  of  the  first  occupants  of  the  chairs  of  chemistry  in  these  provincial  University 
Colleges,  It  is  also  unnecessary  for  me  to  do  more  than  remind  you  of  the  work 
accomplished  by  the  two  Colleges  of  the  City  and  Guilds  of  London,  the  chemical 
laboratories  of  which  have  from  their  very  inception  been  under  the  stimulating 
influences  of  Dr.  Armstrong  and  Professor  Meldola,  foci  of  research  from  which 
a  number  of  young  chemists  of  distinction  have  already  emanated. 

In  recent  years  we  have  witnessed  the  genesis  of  another  class  of  institution, 
less  ambitious  in  their  aspirations  than  the  University  Colleges,  but  indirectly  also 
of  much  importance  in  their  bearing  upon  the  nurture  of  scientific  chemistry  in 
this  country.  I  refer  to  the  so-called  Polytechnics  which  have  sprung  up  in  several 
parts  of  the  Metropolis,  and  to  some  other  institutions  of  similar  scope  in  different 
parts  of  the  country.  If  research  in  the  University  Colleges  lias  been  the  product, 
of  their  professors  rather  than  of  the  environment  which  they  afford,  assuredly 
this  is  even  far  more  so  in  the  case  of  these  Polytechnics,  which  are  primarily 
evening  schools  for  the  benefit  of  those  who  have  other  occupations  during  the 
day.  That  the  young  lecturers  on  chemistry  at  these  places  should  find  time  and 
opportunity  for  original  research,  and  that  sometimes  of  a  very  high  order,  is 
indeed  a  brilliant  testimonial  to  their  indomitable  energy  and  resourcefulness. 
Overburdened  with  large  classes  until  late  hours  at  night,  often  in  those  remote 
and  hideous  parts  of  London  which  suggest  to  most  of  us  only  Slumlaud  and  the 
philanthropic  efforts  of  Toynbee  Hall  or  of  Dr.  Barnardo,  these  young  chemists 
awake  in  the  morning  only  to  return  as  rapidly  as  possible  to  those  laboratories 
which  exercise  on  them  a  fascination  as  subtle  and  magnetic  as  that  which  draws 
the  commonplace  Englishman  to  the  golf-links,  the  cricket-field,  or  the  racecourse. 
It  was  in  the  laboratory  of  such  a  technical  school,  the  Heriot  Watt  College,  at 
Edinburgh,  that  my  distinguished  predecessor  in  this  chair,  my  friend  Professor 
Perkin,  created  his  opportunities  for  devising  and  carrying  out  those  now  classical 
methods  of  building  up  carbon  rings  which  are  the  admiration  of  all  organic 
chemists  throughout  the  world  ;  methods  which  he  has  recently  brought  to  such 
a  pitch  of  perfection  that  he  is  not  only  able  to  forge  these  rings  in  great  variety, 
but  to  '  bridge '  them  with  links  of  carbon  atoms.  It  was  at  the  Heriot  Watt 
College  also  that  his  work  on  berberin  was  performed,  and  it  was  here  that  he 
contracted  that  fertile  alliance  with  Dr.  Kipping,  his  able  coadjutor  in  so  many 
valuable  investigations. 

At  the  London  Polytechnics,  again,  more  recently,  we  have  had  similar 
examples  of  fertility,  for  are  we  not  all  familiar  with  the  masterly  work  of  Mr. 
W.  Jt  Pope,  who  by  his  investigations  at  the  Goldsmiths'  Institute  has  extended 
our  knowledge  of  asyrnmetric  atoms,  and  has  shown  that  optical  activity,  which 
Jiitherto  had  only  been  associated  with  carbon,  and  somewhat  doubtfully  with 
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nitrogen,  can  certainly  be  produced,  not  only  by  asymmetric  pentad  nitrogen,  but 
also  by  tetravalent  tin  and  sulphur  P  Dr.  Hewitt,  again,  whom  I  am  proud  to 
number  among  my  former  students,  has  shown  that  the  laboratory  of  the  People's 
Palace,  "Whitechapel,  may  be  made  a  centre  in  which  abstruse  investigations  on 
the  aromatic  compounds  can  be  carried  on. 

There  is,  however,  perhaps  nothing  which  testifies  more  strongly  to  the  zeal 
for  original  investigation  amongst  Hritish  chemists  than  the  manner  in  which 
some  of  the  science  masters  at  our  schools  have  participated  in  the  advancement  of 
chemical  knowledge.  Some  of  these  schools  have,  indeed,  from  time  to  time  secured 
the  services  of  men  whose  names  are  indelibly  engraved  on  the  records  of  scientific 
chemistry,  and  it  is  from  the  laboratories  of  these  schools  that  in  some  cases 
perhaps  their  best  work  has  emanated.  Of  the  chemical  :i.ii-*!iL.ui  .•-  who  have 
laboured  in  school  laboratories  there  occur  to  me,  amongst  the  living,  Debus  and 
Clowes  at  Queenwood,  Tilden  and  Shenstone  at  Clifton,  Pnrdie  at  Newcaatle- 
under-Lyme,  JJrereton  Baker  at  Pulwich,  Charles  Baker  at  Shrewsbury.  To  these 
names  might  be  added  many  more ;  indeed  an  examination  of  the  list  of  Fellows 
of  the  Chemical  Society  shows  tit  what  a  number  of  schools  throughout  the 
country  the  chemical  teaching  is  now  imparted  by  men  who  have  themselves 
advanced  the  science  which  they  profess. 

From  the  conspicuous  instanms  which  I  have  brought  before  you — and  they 
might,  did  time  allow,  bo  greatly  multiplied— it  must  be  obvious  that  if  a  chemist 
only  possesses  the  necessary  <»ntlmsia«m  and  qualifications  he  will,  no  matter  how 
inauspicious  his  surroundings,  succeed  in  doing  something  to  extend  tlio 
boundaries  of  his  science,  and  I  think  [  may  go  further  and  Bay  without,  fear  of 
contradiction  that  in  this  devotion  to  research  the  chemist  in  tins  country  usually 
throws  into  the  shade  the  representatives  of  other  branches  of  science.  How  is 
this  pre-eminent  zeal  of  the  Ih'itish  chemist  to  be  explained  ?  I  believe  that 
there  are  two  principal  causes  in  operation  which  have  brought  about  this  result. 
Firstly,  the  great  majority  of  the  higher  chemical  teachers  in  this  country  have 
been  trained  in  Germany,  or  have  been  trained  by  men  who  were  themselves 
trained  there  ;  and  secondly,  they  have  only  in  exceptional  cases  been  educated  at 
the  ancient  seats  of  learning.  Their  inspiration  and  enthusiasm  are  almost  in- 
variably directly  or  indirectly  traceable  to  a  German  origin,  and  this  fire  is  kept 
alive  by  their  remaining  in  constant  touch  with  German  chemical  literature. 

It  is  being  continually  impressed  upon  us  in  the  newspapers  and  dinned  into 
our  ears  from  every  platform  that  it  is  imperative  for  this  country  to  approximate 
more  to  German  ideas  and  methods,  and  in  general  to  cast  away  our  insular  pre- 
judices, obstinacy,  and  self-satisfaction.  We  chemists  have  already  done  these 
things;  we  have  emancipated  ourselves  from  the  mischievous  illusions  which  have 
a  tendency  to  thrive  in  a  country  enjoying  an  isolated  geographical  position.  For, 
during  the  last  half  century  tho  academic  springs  of  Germany  have  been  visited 
by  a  stream  of  young  English  chemists,  a  stream  which,  for  the  perennial  regularity 
of  its  flow,  reminds  one  indeed  of  the  pilgrimage  made  by  our  fashionable  invalids 
to  the  same  country  in  the  hope  of  correcting  the  effects  of  high  living  by  the 
waters  of  Homburg,  Kissingen,  and  AViesbaden.  There  must  indeed  be  few 
chemists  who  return  from  the  German  temples  of  science  without  bringing  back 
at  least  a  spark  of  the  sacred  fire  to  be  kindled  on  an  altar  at  home ;  and  although 
at  times  it  may  be  stifled  by  tho  island  fog,  or  burn  low  through  the  scarcity  of 
fuel,  it  generally  smoulders  long  before  going  out  altogether. 

The  chemist,  again,  is  generally,  as  I  have  said,  unfettered  by  an  English  uni- 
versity record:  he  stands  or  falls  by  the  work  of  his  life,  and  not,  as  so  many  others 
do,  by  the  reputation  which  they  have  made  in  three  short  years  of  adolescence  at 
one  of  the  ancient  seats  of  learning. 

The  spirit  of  research,  which  was  formerly  but  a  sporadic  manifestation  within 
the  walls  of  these  venerable  institutions,  has,  however,  now  become  endemic  there 
also,  and  for  a  number  of  years  past  chemical  literature  has  received  a  continuous 
stream  of  original  communications  from  Oxford  and  Cambridge,  as  well  as  from 
the  Universities  of  Scotland  and  Ireland.  Instead  of  those  occasional  contribu- 
tions which  were  customary  in  the  past,  we  have  now  evidence  that  these  centres 
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in  several  cases  yield  to  none  in  the  energy  and  success  with  which  chemical  in- 
vestigation is  being  pursued,  and  that  the  work  of  the  chemical  staff  is  being 
shared  in  by  advanced  pupils  trained  at  these  universities  themselves.  In  this 
connection  it  is  quite  unnecessary  for  me  to  remind  3  ou  of  the  contributions  to 
British  chemistry  within  recent  years  by  Crum  Brown  and  his  pupils  at  Edinburgh, 
by  Japp  at  Aberdeen,  by  Purdie  and  Jame^  Walker  at  the  duplex  university 
now  working  so  harmoniously  north  and  south  of  the  Tay,  by  Emerson  Reynolds 
at  Dublin,  and  by  Harcourt  and  Harold  Dixon,  Liveing  and  Dewar,  Ruhemann, 
Heycock  and  Neville,  Fenton,  Sell,  Marsh,  and  others,  who  have  brought  our 
science  into  such  living  prominence  on  the  banks  of  the  Cam  and  the  Isis. 

It  is,  however,  not  at  home  only  that  British  chemists  have  displayed  their 
devotion  to  research,  for  with  the  world-wide  relations  of  the  empire  it  has 
naturally  fallen  to  the  lot  of  some  of  our  number  to  carry  the  science  to  the  utter- 
most parts  of  the  earth,  but  it  is  .surely  a  matter  of  which  we  may  be  justly  proud 
that  some  of  these  missionaries,  like  Mallett,  Liversidge,  Pedler  and  Rennie,  have 
in  these  distant  lands  carried  out  a  number  of  most  important  scientific  investiga- 
tions ;  whilst  to  one  of  them,  Dr.  Divers,  belongs  the  great  distinction,  not  only 
of  having  carried  chemistry  to  the  Far  East,  but  of  having  reared  a  most  active 
school  of  chemical  research  in  that  fascinating  island  empire  of  the  rising  sun  and 
the  chrysanthemum  which  has  won  the  unfeigned  admiration  of  the  West. 

The  annals  of  British  Chemistry  are,  however,  by  no  means  an  exclusive  record 
of  the  exploits  of  those  engaged  in  the  teaching  of  our  science.  I  have  already 
referred  to  the  importance  of  the  contributions  made  by  men  of  leisure,  but  an 
equally  noteworthy  feature  of  British  Chemistry  is  that  its  progress  has  been  so 
often  furthered  by  men  who  have  snatched  the  time  for  investigation  out  of  a  busy 
professional  or  industrial  life.  Belonging  to  this  category  the  names  of  a  long  line 
of  distinguished  chemists  of  our  own  time  suggest  themselves  :  Warren  de  la  Hue, 
Hugo  Miiller,  Sir  John  Lawes,  Sir  William  Crookes,  Sir  William  Abney,  Peter 
Griess,  Newlands,  O'Sullivan,  Horace  and  Adrian  Brown,  Harris  Morris, 
Cross,  and  Bevan.  To  this  group  of  chemists  belongs  also  Dr.  Laid  wig  Mond, 
whose  technical  researches  have  been  of  such  great  value  to  industrial  chemistry, 
whilst  his  devotion  to  the  pure  science  is  attested  by  his  interesting  discovery  and 
investigation  of  the  metallic  carbonyl  compounds,  and  by  his  conception  and  muni- 
ficent endowment  of  the  Davy-Faraday  Laboratory,  in  which  such  unique  oppor- 
tunities for  research  have  been  provided  by  him. 

This  would  appear  to  be  the  most  fitting  moment  also  to  refer  to  certain  other 
institutions  intended  for  purposes  of  research  which  have  been  established  during 
the  past  twenty-five  years.  Of  these  the  first  is  the  Kothamsted  Laboratory,  so 
celebrated  during  the  last  half-century  for  the  memorable  investigations  of  Lawes, 
Gilbert,  Pugh,  and  Warington,  but  which  has  more  recently,  through  the  generosity 
of  the  late  Sir  John  Lawes,  been  rendered  a  permanent  home  for  the  elucidation  of 
agricultural  problems  both  by  laboratory  experiments  and  by  trials  in  the  field. 
Secondly,  there  is  the  Research  Laboratory  which  the  Pharmaceutical  Society 
has  established  with  the  view  of  raising  to  a  higher  level  the  chemical  education 
of  its  most  promising  future  members.  This  laboratory  has  furnished  the 
opportunity  for  the  valuable  investigations  of  its  first  director,  Professor  l)un- 
stan,  and  of  his  successor,  Dr.  Collie.  Still  more  recently  a  chemical  research 
laboratory  has  been  established  in  the  Imperial  Institute.  That  noble  building 
has  within  the  last  few  years  undergone  a  process  of  transverse  subdivision,  one- 
half  having  assumed  an  independent  existence  as  the  nucleus  of  that  still  crystal- 
lising body,  the  University  of  London ;  whilst  in  the  remain  ing  half  the  work  of  the 
Institute  is  now  carried  on  in  such  silence  that  we  have  almost  forgotten  ita  exist- 
ence. For  where  is  the  florid  music  with  which  on  summer  nights  the  air  of 
South  Kensington  was  wont  to  reverberate  ?  Gone.  Gone  also  are  the  tea-tables, 
the  gardens  with  their  million  fairy  lights,  and  the  promenading  crowds  in  gay 
attire.  But  if  the  Institute,  founded  by  public  subscription  to  watch  over  and 
advance  the  prosperity  of  the  British  dominions,  has  been  impoverished  by  the 
discontinuance  of  these  revels,  it  has  become  enriched  and  has  gained  in  dignity  by 
the  creation  within  its  wallsof  a  Research  Laboratory  in  wjiich  Professor  Dunstan  antf 
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hie  assistants  are  busily  invcrtifrnlingr  the  chemical  nature  of  numerous  interesting 
products  obtained  from  all  parts  of  Greater  Britain. 

^  There  can,  in  my  opinion,  be  no  doubt  that  this  much  extended  cultivation  of 
scientific  chemistry  in  this  country,  which  is  such  a  noticeable  feature  of  the  con* 
eluding  years  of  the  nineteenth  century,  has  been  greatly  assisted  by  a  most  fortu- 
nate, and  more  or  less  accidental,  circumstance,  without  which  the  energy  and 
enthusiasm  of  our  chemical  teachers  would  have  been  seriously  restricted  in  their 
influence.  I  refer  to  the  very  substantial  surplus,  i-rVLiiMi..."  MM  inc  -rue  of  G,000/. 
to  7,000/.  a  year,  of  which  the  Commissioners  of  th-  l-"»l  r.\i:ili:!ion  found  them- 
selves possessed,  and  its  utilisation  on  the  advice  of  the  late  Lord  PI  ay  fair  for 
the  purpose  of  the  .Research  Scholarships  which  have  for  some  ten  years  past  been 
so  highly  prized  by  all  the  educational  institutions  permitted  +o  participate  in 
them.  The  good  wrought  by  these  scholarships  has  been  very  far-reaching,  and  it 
would  be  difficult  to  praise  too  highly  the  wisdom  displayed  by  the  Commissioners 
in  drawing  up  the  conditions  on  which  they  are  awarded.  Firstly,  by  not  limiting 
them  to  any  one  science,  they  have  stimulated  a  wholesome  rivalry  between 
departments  to  bring  on  their  promising  students  to  the  level  of  scientific  investi- 
gation. Secondly,  they  have  compelled  the  governing  bodies  of  educational  insti- 
tutions to  recognise  and  make  provision  for  research  as  part  of  the  regular  pro- 
gramme of  these  places.  Thirdly,  they  have  encouraged  talented  students  to 
devote  an  additional  year,  or  even  more,  to  their  education  in  the  hope  of  securing 
one  of  these  prizes ;  and  these  students  have  thus  provided  their  teachers  with  the 
personnel  necessary  for  carrying  on  scientific  work.  Fourthly,  the  scholars  them- 
selves have,  had  the  inestimable  advantage  of  extending  their  horizon,  and  of 
coming  in  contact  with  other  teachers,  other  schools  of  thought,  and  other  views 
of  life.  Fifthly,  these  scholars  on  their  return,  and  before  they  have  obtained 
definite  employment,  are  welcomed  as  supernumeraries  in  English  colleges,  where 
they  have  an  opportunity  of  continuing  their  researches,  and  where  they  assist  in 
imbuing-  the  students  with  the  spirit  which  they  have  themselves  imbibed.  Lastly, 
these  and  other  scholarships  of  a  similar  character  are  providing  the  country  with  a 
body  of  highly  trained  men  whose  value  to  the  nation  is  annually  becoming  more 
appreciated,  and  whose  work  will  continue  to  bear  fruit  directly  or  indirectly  for  an 
indefinite  period  of  time.  These  Exhibition  scholarships  have  now  been  awarded 
since  1891,  and  already  no  fewer  than  sixty-five  chemists,  including  three  women, 
have  enjoyed  the  enormous  privilege  of  extending  their  education  for  a  period  of 
two,  and  in  special  cases  even  three,  years  under  the,  most  favourable  sur- 
roundings. 

Bearing  in  mind  the  rooted  objection  which  pervades  the  people  of  this  country 
to  expend  any  public  money  on  higher  education,  it  is  marvellous  that  it  should 
have  oeen  possible  to  employ  this  fund,  which  after  all  is  of  a  quasi-public  character, 
for  what  maybe  described  as  educational  use  at  a  high  potential,  instead  of  its  being- 
dissipated  in  the  manner  so  dear  to  Englishmen,  by  benefiting  to  an  infinitesimal 
extent  a  much  larger  number  of  persons.  Indeed,  but  for  the  vertebrate  cha- 
racter of  the  Commissioners  in  1877,  the  fund  would  have  been  thus  frittered  away, 
for  in  that  year  they  were  waited  upon  by  a  deputation  of  influential  persons  who 
urged  that  the  money  should  be  distributed  in  grants  to  provincial  museums. 
Had  that  been  done  what  would  have  been  the  result?  The  masses  would 
have  had  a  few  more  glass  cases  to  gaze  at  on  wet  days  and  bank  holidays ! 

There  can,  I  think,  be  little  doubt  that  in  this  matter  of  the  allocation  of 
funds  intended  for  the  public  good  we  have  reached  a  turning-point  in  the  road 
which  we  have  been  so  long  pursuing.  Until  recently  it  has  been  the  feeling  of  a 
very  powerful  majority  in  this  country  that  public  money  should  only  be  spent  in 
such  a  way  as  to  directly  benefit  very  large  numbers ;  and  in  the  case  of  educa- 
tional funds,  therefore,  it  was  only  their  utilisation  for  the  benefit  of  the  masses 
that  could  be  entertained.  Now,  whilst  it  is  indubitable  that  the  improvement  of 
our  primary  education  was  for  many  years  a  crying  necessity,  it  has  long  been 
obvious  to  a  minority  that  this  policy  is  systematically  starving  that  higher  edu- 
cation in  which  we  are  lagging  more  and  more  behind  those  other  countries  in 
which  greater  elasticity  prevails,  and  in  which  the  immediate  and  obvious  wants 
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of  the  community  receive  prompt  attention  without  regard  to  the  traditions  and 
doctrinaire  principles  of  a  past  generation.  In  the  matter  of  higher  scientific 
education,  at  any  rate,  it  is  becoming  more  and  more  widely  recognised  that  its 
starvation  through  attention  heing  exclusively  directed  to  the  low-level  education 
of  the  masses  is  defeating  the  very  ends  which  this  policy  has  in  view.  Indeed, 
some  practical  men,  and  even  a  few  statesmen,  realise  that  the  many  are  beginning 
to  suffer  from  the  results  which  this  policy  has  had  on  our  manufactures  and  com- 
merce, without  which  the  multitude  can  have  no  existence  at  all. 

The  more  than  princelv  patronage  of  higher  education  by  that  Scotsman  who  has 
not  forgotten  the  land  of  his  birth  during  fifty  years  spent  in  a  country  which  has 
afforded  the  necessary  scope  for  his  genius  and  energies  illustrates  the  change  in 
the  wind  of  opinion  amongst  practical  men  ;  for  Mr.  Andrew  Carnegie's  handsome 
contribution  to  the  funds  of  the  University  of  Birmingham,  and  his  endowment  of 
the  universities  of  Scotland  on  a  scale  which  is  altogether  without  precedent, 
clearly  show  which,  in  his  opinion,  are  the  rungs  in  the  educational  ladder  of  this 
country  that  require  strengthening  in  the  interest  of  those  very  masses  which  it  is 
his  earnest  desire  to  benefit.  The  still  more  recent  response  of  the  City  Council 
of  Birmingham  to  Mr.  Chamberlain's  suggestion  that  a  rate  should  be  levied  in 
aid  of  the  university  of  that  city  is  further  evidence  that  Mr.  Carnegie's  practically 
expressed  opinion  is  shared  by  the  enlightened  rulers  of  that  great  municipality  to 
which  I  have  the  privilege  of  belonging. 

These,  ladies  and  gentlemen,  are,  1  believe,  no  mere  sporadic  manifestations,  but 
i  !,".:.•  '!T:I!  1-  signs  of  the  times.  The  opening  of  the  new  century  is  in  reality 
a  vear  01  very  serious  awakening  to  those  Englishmen  who  are  not  deaf  to  the 
voices  in  the  air  around  them.  It  is  rapidly  dawning  upon  many  tiiat  *  the 
greatest  empire  which  the  world  has  ever  seen  '  cannot  be  maintained  unless  we 
cast  oft*  insular  prejudices  and  traditions,  and  make  a  careful  study  of  those  points 
in  which  other  nations  are  our  superiors,  with  a  view  to  the  intelligent  adaptation 
and  development,  as  distinguished  from  mere  imitation,  of  their  methods  to  our 
own  particular  needs. 

The  survey  of  the  British  chemical  world  at  the  dawn  of  the  twentieth  century 
affords,  however,  scope  for  satisfaction  in  many  ways.  Not  only  have  the  places 
in  which  higher  chemical  work  can  be  and  actually  is  carried  on  been  greatly 
multiplied,  but  the  number  of  workers  has  been  largely  increased ;  and  although 
the  enthusiasm  of  these  workers  cannot  well  be  greater  than  that  of  those  who 
laboured  so  successfully  twenty  years  and  more  ago,  it  has  not  become  diminished, 
and  is  certainly  diffused  more  widely  amongst  the  personnel  of  our  colleges  and 
universities.  In  this  connection  I  need  only  remind  you  of  the  large  number  of 
active  and  independent  investigators  who  are  to  be  found  amongst  the  members 
of  the  junior  staff  at  almost  every  college  in  the  country,  and  which  is  altogether 
without  parallel  in  the  past. 

There  are  hardly  any  of  the  great  problems  now  exercising  the  minds  of 
chemists  throughout  the  world  which  are  not  being  worked  at  by  some  of  our 
number;  whilst  that  some  chapters  in  the  recent  progress  of  chemical  science  are 
more  or  less  specifically  British,  I  would  only  remind  you  of  the  isolated  labours  of 
Dr.  Perkin  in  the  field  of  magnetic  rotatory  power ;  of  Sir  "William  Crookes's  explo- 
ration of  the  phenomena  occurring  in  high  vacua ;  of  the  researches  of  Abney, 
Russell,  and  Hartley  on  the  absorption  spectra  of  organic  compounds ;  of  the 
investigations  by  Harold  Dixon  and  Brereton  Baker  of  the  behaviour  of  substances 
in  the  complete  absence  of  moisture ;  of  the  extension  by  Pope  and  Smiles  of 
our  knowledge  of  asymmetric  atoms ;  of  the  near  approach  to  the  absolute  zero 
of  temperature  by  Dewar ;  and  of  those  marvellous  discoveries  of  Ealeigh  and 
Kamsay  which  have  not  only  introduced  us  to  five  new  aerial  elements,  but  have 
revealed  the  existence  of  a  hitherto  unknown  type  of  matter,  which  is  apparently 
incapable  of  entering  into  chemical  combination  at  all. 

but  whilst  we  may  thus  congratulate  ourselves  on  this  increased  activity  in 
chemical  investigation,  and  upon  the  maintenance  of  a  high  standard  of  quality  by 
the  exceptional  brilliancy  of  the  researches  of  some  of  our  number,  we  must  now 
carefully  consider  how  we  stand  with  regard  to  the  absolute  quantity  of  our  output. 
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I  have  called  your  attention  to  the  evidence  of  activity  in  the  British  chemical 
world  which  is  furnished  by  the  number  of  original  investigations  communicated 
to  the  Chemical  Society  of  London.  Let  me  now  ask  you  to  turn  to  the  corre- 
sponding picture,  which  is  furnished  by  Hie  statistics  of  the  much  younger 
Chemical  Society  of  Berlin. 

Original  Communications  to  the  Chemical  Society  of  Berlin. 


1868 
186!) 
1870 
'  1871 
1S72 
1873 
1874 
1875 
1876 


97 

1877 

568 

1886 

252 

1878 

602 

1887 

277 

1870 

(J01 

1888 

288 

1880 

563 

1889 

303 

1881 

495 

1890 

420 

1882 

541 

1891 

510 

1883 

535 

1892 

488 

18HA 

646 

1893 

517 

1885 

_____  xl_ 

— 

686 

1894 

^e 

696 
708 
658 
601 
630 
677 
553 
587 
653 


1895 
1896 
1897 
1898 
1899 
1900 


636 
566 
560 
555 
549 
G36 


A  comparison  between  these  figures  and  those  of  the  London  Chemical  Society 
is  best  effected  by  means  of  the  diagram,  which  speaks  for  itself,  and  shows  that 
chemical  science  occupies  an  entirely  different  place  in  Germany  from  that  which 
it  even  now  does  in  this  country.  The  curves  in  the  diagram  bear,  indeed,  some- 
what the  same  relationship  to  each  other  as  do  the  homely  elevations  of  the 
Grampians  to  the  snow-clad  peaks  of  the  Andes. 

Is  this  state  of  affairs  to  continue  throughout  the  twentieth  century?  Are 
intellectual  ambitions  to  be  for  ever  subordinated  to  the  extension  of  territory,  to 
the  acquisition  of  that  metal  which  has  had  its  atomic  weight  so  accurately 
determined  by  Thorpe  and  Laurie,  and  to  those  other  problems  which  iill  the 
political  horizon  ?  Even  the  most  recent  awakening  of  interest  in  higher  scientific 
education  is  not  altogether  of  the  breed  to  satisfy  us  as  men  of  science ;  for  the 
interest  is  assuredly  not  in  the  pursuit  of  knowledge  for  its  own  sake,  but  is- 
aroused  by  the  desire  to  secure  those  material  advantages  which  it  is  beginning 
to  be  realised  must  inevitably  result  from  the  steadfast  prosecution  of  scientific 
research.  This  is  indeed  a  very  different  spirit  from  that  which  has  led  to  the 
proud  position  occupied  by  science  and  learning  of  all  kinds  in  Germany. 

Schiller  has  truly  said — 

*  Knowledge  is  to  one  a  goddess*,  to  another  only  an  excellent  cow.' 

I  fear  there  can  be  no  doubt  that  here  it  is  the  cow,  and  not  the  goddess,  that  is  in 
request.  Thus,  whilst  in  Germany  the  love  and  reverence  for  knowledge  preceded 
the  esteem  of  knowledge  for  the  material  benefits  which  it  confers,  we  must  hope 
that  in  our  country  the  eagerness  to  secure  the  material  advantages  will  perhaps 
lead  to  a  love  and  reverence  for  that  which  confers  them,  so  that  in  the  course  of 
time,  perhaps,  the  useful  cow  will  be  allotted  a  stall  on  Olympus,  or  be  at  least 
pastured  on  the  grass  of  Parnassus. 

From  whatever  motive,  whether  utilitarian  or  otherwise,  we  wish  to  see  the 
position  of  science  in  this  country  raised,  and  the  qualitative  and  quantitative- 
output  of  scientific  work  increased,  I  imagine  that  the  methods  to  be  immediately 
pursued  for  attaining  this  end  muse  be  very  similar. 

If  the  higher  teaching  of  science  is  to  be  really  encouraged  the  first  necessity 
is  that  this  higher  teaching  shall  offer  a  sufficiently  attractive  career  to  the  man  of 
ambition  as  well  as  to  the  enthusiast.  We  all  know  that  the  supply  of  enthusiasts 
of  intellectual  power  combined  with  capacity  to  perform  is  extremely  limited  and 
wholly  inadequate  for  carrying  out  the  important  work  of  the  world,  and  that  the 
greater  part  of  such  work  is  actually  done  by  men  of  ambition. 

In  order  that  the  academic  world  may  attract  the  ablest  men  of  ambition  as 
well  as  that  rara  avis,  the  able  enthusiast,  it  is  necessary  that  the  highest  prizes 
for  academic,  distinction  should  carry  similar  social  prestige,  similar  remuneration, 
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and  similar  opportunities  of  exerting  public  influence  as  are  enjoyed  by  the  leaders 
of  other  professional  callings :  they  should  be  at  least  equal  to  those  of  the 
Archbishop  of  Canterbury  or  of  the  Lord  Chancellor.  It  is  not  by  any  means 
necessary  that  such  prizes  should  be  numerous,  as  is  abundantly  demonstrated  by 
the  volume  of  able  ambition  which  is  drawn  into  the  Church  and  to  the  Bar  by  the 
comparatively  few  opportunities  for  great  success  in  those  professions.  The 
enthusiasts  already  find  their  way  into  the  academic  world ;  and,  although  they 
maintain  the  quality  of  British  scientific  work,  they  are  unable,  by  virtue  of 
their  scarcity,  to  maintain  t-.  •.  i:.'!'\  which  is  essential  for  the  luxuriant  growth 
of  science  in  our  midst,  M!II  •  ;':.<•  absence  of  such  tangible  rewards  as  are 
bestowed  in  other  spheres  of  intellectual  activity  prevent  the  importance  of  science 
being  recognised  by  a  public  which  has  no  appreciation  of  the  inward  and  spiritual 
grace  unless  guided  by  the  outward  and  visible  sign. 

Precisely  the  opposite  policy,  as  far  as  remuneration  is  concerned,  has,  however, 
been  pursued  in  the  academic  world  during  recent  years,  the  few  very  moderate 
prizes  which  formerly  existed  having  been  deliberately  commandeered  to  more 
nearly  equalise  the  value  of  the  chairs  in  all  departments. 

The  principle  of  equalising  the  remuneration  of  different  chairs  is  as  inequitable 
as  it  is  utterly  unsound  from  a  business  point  of  view.  The  principle  is  unsound 
because  equal  salaries  will  not  secure  men  of  similar  standing  in  different  subjects, 
it  is  inequitable  because  the  amount  of  work  attaching  to  the  chairs  of  different 
subjects  is  necessarily  very  unequal,  as  is  the  order  of  intellect  required  for  the 
successful  discharge  of  their  duties. 

Again,  the  system  which  :*  :-r.:r.irr  ground  in  this  country  of  allocating  a 
certain  stipend  to  a  chair  is  v  i  .  •  .  .J  '  and  mischievous.  It  is  as  irrational  to 
fix  the  remuneration  of  a  particular  chair  as  it  would  be  to  fix  the  price  to  be  paid 
for  one's  portrait,  irrespectively  of  whether  it  were  taken  by  a  photographer  or 
painted  by  a  Uoyal  Academician.  If  we  really  want  the  best  man  for  any 
particular  professional  service,  whether  it  be  to  treat  us  for  a  disease,  to  plead  our 
cause  in  a  court  of  law,  or  to  perform  on  some  musical  instrument  for  our  delecta- 
tion, we  know  that  we  must  make  up  our  minds  to  pay  the  price  which  the  best 
man  commands  in  his  particular  profession,  and  it  is  absurd  to  suppose  that  the 
same  principle  does  not  hold  good  in  the  matter  of  securing  the  best  man  for  an 
academic  appointment.  This,  again,  is  intimately  connected  with  the  desirability 
of  providing  a  sufficient  number  of  steps  in  the  academic  ladder,  so  that  it  shall 
not  be  possible  for  the  '  young  man  of  promise  '  to  be  rushed  into  a  first-class 
appointment  from  which  he  has  no  ambition  to  move  for  the  remainder  of  his 
days. 

Another  matter,  again,  requires  consideration  :  if  we  are  really  in  earnest  in 
the  attempt  to  bring  our  universities  abivast  of  those  in  other  countries,  our  chairs 
must  be  systematically  thrown  open  to  the  whole  world,  and  the  best  men 
obtainable  secured,  irrespectively  of  their  nationality.  Not  only  have  small 
nations  adopted  this  plan,  but  even  the  nation  which  is  pre-eminent  for  its 
academic  strength  is  by  no  means  blind  to  the  importance  of  drawing  into  its 
•service  from  the  outside  men  of  •  nn..  •  ^i;  ,:  brilliance  and  power.  1  need  not 
remind  you  that  England  has  also  exhibited  a  wise  and  liberal  spirit  in  this 
matter  in  the  past,  and  that,  as  far  as  our  science  is  concerned,  this  policy  has  been 
most  fully  justified.  For,  consider  only  what  the  English  Chemistry  of  the  latter 
half  of  the  nineteenth  century  owes  to  the  genius  and  magnetic  influence  of  the 
imported  Hofniaun.  lean  imagine  the  electors  to  British  chairs  *ur;vMinar  that 
there  might  be  linguistic  difficulties  in  the  way  of  carrying  out  such  a  policy,  in 
answer  to  which  1  would  appeal  to  the  pupils  of  Hermann  to  say  whether  his 
stimulating  discourse  lost  anything  of  its  vigour  and  inspiration  through  the 
strong  Hessian  accent  with  which  every  word  of  it  was  saturated.  It  is  to  be 
hoped  that  no  narrow  and  short-sighted  policy,  disguised  under  that  too  often  mis- 
used word  '  patriotism/  will  seek  to  close  the  doors  of  our  universities  to  the  genius 
and  ability  of  other  nationalities. 

I  believe,  however,  that  one  of  the  most  urgent  and  pressing  of  University 
reforms  is  that  greater  facilities  should  be  afforded.. for  the  migration  of  students 
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from  one  university  to  another,  without  prejudice  to  their  acquisition  of  a  degree. 
It  is  the  present  system,  which  practically  chains  an  undergraduate  with  links 
of  steel  to  the  university  at  which  he  matriculates,  that  is  at  the  root  of  many  of 
the  evils  under  which  our  higher  education  is  labouring. 

The  university  at  which  a  youth  matriculates  is  often  determined  by  the 
fatuous,  although  pathetic,  wish  of  the  father  that  his  son  should  spend  his  time, 
I  will  not  say  work,  amidst  the  surroundings  which  awaken  such  pleasant 
memories  in  himself;  and  the  youth  once  within  the  magic  portals  has  little  or  no 
opportunity  of  rectifying  the  possible  mistake  of  his  fond  parent,  who  has  probably 
for  a  quarter  of  a  century  been  quite  out  of  touch  with  university  matters,  or  even 
divorced  from  the  intellectual  world  altogether. 

This  foolish  sentiment  of  loyalty  to  a  university  or  even  college  is  sometimes 
kept  up  for  generations,  and  1  have  met  persons  who  have  told  me  that  their 
family  had  always  been  Balliol  or  Trinity  men,  with  the  same  sort,  of  pride  that 
they  would  doubtless  have  informed  me,  had  they  been  able,  that  their  ancestors 
came  over  with  the  Conqueror  or  had  charged  with  the  Cavaliers  at  Naseby. 

The  prevalence  of  such  a  sentiment  shows  that  our  universities  are  principally 
valued  for  their  social  attractions,  as  well  as  for  their  past  history  and  ancient 
traditions,  in  which  connection  it  is  always  well  to  remember  that  a  living  dog  is 
better  than  a  dead  lion. 

The  possibility  of  students  di—in-i.i'ii'j  themselves  from  the  university  of  their 
matriculation  and  freely  nrigr,:ti:n*  Sr.vi:  one  school  to  another  would,  in  my 
opinion,  not  only  be  of  immense  advantage  to  the  students  themselves,  enabling 
them  to  obtain  the  best  instruction  in  each  particular  subject  and  greatly 
extending  their  horizon  and  knowledge  of  the  world,  but  it  would  operate  most 
favourably  on  the  universities  themselves,  minimising  the  tendency  to  stagnation, 
and  compelling  those  who  hold  the  pir — :.-ii:.--.  to  provide  for  the  strengthening 
of  weak  departments.  Nor  should  the  possibilities  of  migration  be  limited  to  the 
Universities  of  the  United  Kingdom  or  even  of  the  British  Empire,  but  the  prospect 
should  be  kept  in  view  of  ultimately  effecting  an  arrangement  whereby  students 
could  enjoy  the  advantage  of  visiting  the  universities  of  other  countries. 

Such  migration  is,  of  course,  closely  connected  with  the  duration  of  the  period 
of  university  study,  and  in  this  matter  reform  is  most  urgently  needed.  The 
traditional  three  years  devoted  to  the  acquisition  of  a  degree  is  hopelessly 
inadequate  for  tin1  liL-l'-M-  j»n raises  of  university  training,  especially  when* the  very 
immature  age  at  \v! i i»'!i  linji'.-ii  students  generally  begin  their  university  career 
is  taken  into  consideration.  The  period  of  academic  study  should  be  forthwith 
extended  to  five  years,  as  it  is  only  in  this  way  that  the  university  can  be  effec- 
tively made  a  centre  of  research.  "NVithout  a  course  of  study  of  such  duration, 
and  of  which  research  forms  a  part,  it  is  quite  impossible  that  the  highly  trained 
men  who  are  now  so  urgently  needed  for  practical  avocations  should  be 
produced. 

In  this  connection,  again,  we  all  know  that  much  mischief  has  been  going  on 
in  recent  years.  Instead  of  the  terms  on  which  degrees  are  at  present  obtainable 
being  regarded  as  too  lenient  and  easy,  proposals  are  actually  being  put  forward 
in  some  quarters  to  enable  persons  attending  evening  classes  to  thereby  qualify  for 
university  degrees.  Now,  whilst  it  is  of  the  utmost  importance  to  provide 
abundant  opportunities  for  the  talented  poor  to  obtain  a  university  education  by 
reducing  the  fees  and  by  instituting  a  sufficient  number  of  bursaries,  it  is  impera- 
tive that  those  who  are  to  be  stamped  with  the  distinctive  mark  of  a  university 
should  have  devoted  their  whole  and  undivided  attention,  over  a  certain  period  of 
time,  to  the  courses  of  study  prescribed.  Let  us  beware  of  introducing  the  half- 
time  system  into  the  university,  a  system  which  we  know  to  be  a  deplorable 
makeshift  even  in  the  elementary  school. 

In  this  matter  of  the  aspirations,  scope,  and  functions  of  a  university  we  have 
not  merely  to  contend  with  the  ignorance  and  apathy  of  the  average  Philistine, 
but  we  are  wrestling  against  principalities,  against  powers,  and  against  darkness  in 
high  places.  Thus  only  four  months  ago  one  of  our  most  prominent  statesmen, 
whose  oracular  and  sporadic  utterances  inspire  amongst  millions  almost  the 
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awe  and  respect  winch  is  felt  for  the  supernatural,  is  reported  in  the  column's 
of  the  daily  panels  to  have  said  at  one  of  the  most  important  educational 
pntliprinirF  of  this  first  year  of  the  new  century : — '  You,  Mr.  Vice-Chancellor, 
spoke  of  the  stigma  that  would  rest  on  the  University  if  it  did  not  annually 
produce  some  work  of  original  research.  I,  from  another  point  of  view,  am 
contented  if  you  do  nothing  of  the  kind.  I  am  satisfied  to  think  that  in  a 
large  and  increasing  degree  you  will  train  men  and  women  lit  for  the  manifold 
requirements  of  this  Empire/  This  statesman,  who  it  is  not  surprising  to  find  was 
educated  at  Eton  and  Oxford,  is  thus  of  the  opinion  to-day,  unless,  indeed,  his 
views  have  changed  in  the  interim,  that  it  is  possible  to  train  men  and  women  fit 
for  the  manifold  requirements  of  this  Empire  without  bringing,  at  any  rate,  some 
of  them  into  contact  with  the  living  spirit  of  research — that  spirit  which,  operating 
through  the  ages,  has  enabled  man  to  transform  the  wilderness  in  which  he  was 
placed  by  his  Creator  into  the  garden  of  material  and  intellectual  enjoyments  in 
which  that  statesman  was  himself  born. 

I  would  ask  you  to  contrast  with  the  views  of  the  distinguished  alumnus  of 
Eton  and  Oxford  the  utterance  of  another  statesman  who,  unhampered  by  such 
educational  antecedents,  has  formulated  the  following  ideal  for  the  guidance  of 
that  university  which  he  has  himself  created : — 

'The-  third  feature  to  which  I  should  call  attention,  and  which,  I  am  inclined 
to  &ay,  is  of  all  the  most  important,  is  that  a  university  should  bo  a  place  where 
knowledge  is  increased,  and  where  the  limits  of  learning  are  extended.  Original 
research,  the  addition  of  snincthin^  to  the  total  sum  of  human  knowledge,  must 
always  be  an  essential  part  of  our  proposals.' 

Lastly,  wo  have  to  consider  whether  this  university  work,  in  which  we  hope 
for  such  great  de\  elopments  in  the  twentieth  century,  is  still  to  be  carried  on  by 
what  is  virtually  private  enterprise  and  private  endowment,  or  whether  it  is  to  bo 
provided  for  by  taxation. 

If  the  reforms  and  developments  which  are  being  preached  from  so  many 
platforms  are  to  "be  really  carried  out,  if  even  our  higher  scientific  training  alone  is 
to  be  brought  into  line  with  that  which  is  provided  in  many  other  countries,  it  is 
indubitable  that  expenditure  will  have  to  be  enormously  increased.  Now, 
profoundly  as  we  all  admire  the  enlightened  public  spirit  of  the  men  and  women 
who  have  in  the  past  endeavoured  out  of  their  private  resources  to  help  forward 
the  great  movement  of  higher  education,  it  is,  I  believe,  the  firm  conviction 
of  all  who  have  any  real  knowledge  of  what  this  higher  education  means, 
and  a  clear  conception  of  what  must  bo  done  in  order  to  put  it  on  a  proper 
footing  in  this  country,  that  on  private  benefaction  alone  this  work  cannot  be 
accomplished.  .But  even  if  private  endowment  could  raise  this  great  edifice 
in  our  midst,  it  is  obvious  that,  wo  should  have  to  wait  indefinitely  for  its 
realisation.  Voluntary  contributions  cannot  be  made  to  come  at  the  bidding  of 
those  who  stand  in  need,  nor  directed  into  the  channels  where  they  will  produce 
the  most  good ;  they  have  to  be  patiently  waited  for,  with  the  result  that  valuable 
time  is  lost  and  opportunities  pass  by  never  to  return.  Private  benefaction, 
moreover,  is  almost  always  retrospective :  a  hospital  is  not  founded  by  the  chari- 
table until  the  sick  are  dying  unattended ;  almshouses  and  orphanages  are  not 
thought  of  until  the  widow  and  the  fatherless  are  either  starving  in  the  streets 
or  begging  on  the  doorstep.  What  we  so  forcibly  recognise  in  this  matter, 
however,  is  that  we  have  not  only  to  make  up  for  leeway  in  the  past,  but  that  we 
must  now  exercise  prevision  to  prevent  similar  disastrous  lapses  in  the  future. 
The  state  of  affairs  to  which  we  have  been  reduced  must  not  be  allowed  to  occur 
again ;  the  warnings  of  those  possessing  special  knowledge  in  these  matters  must 
not  be  disregarded  in  the  future  as  they  have  been  in  the  past,  for  it  is  no 
exaggeration  that  the  whole  of  the  learned  societies  and  academic  bodies  of  this 
country  put  together  have  at  present  a  smaller  corporate  share  of  political 
influence  than  a  Temperance  League  or  a  Trades  Union.  To  what  has  this  state  of 
things  reduced  us  ?  The  humiliating  spectacle  of  '  the  greatest  empire  the  world 
has  ever  seen'  at  the  beginning  of  the  twentieth  century  without  a  teaching 
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university  in  its  Metropolis,  and  engaged  upon  the  task  of  tardily  patching  one 
together  out  of  those  heterogeneous  elements  of  uncertain  valency  which  are  to 
hand.  Is  the  completion  of  this  structure,  on  a  scale  challenging  comparison  with 
the  universities  which  are  to  be  found  in  the  other  great  capitals  of  Europe,  to  be 
delayed  until  a  millionaire,  or  rather  series  of  millionaires,  can  be  induced  to 
finance' it?  To  this  work,  and  to  other  works  like  it,  is  it  not  fitting  that  every 
inhabitant  of  this  country  should  contribute  ?  For  these  are  works  which 
assuredly  benefit  all  classes,  not  only  of  this  generation,  but  of  those  which  are  to 
come — at  least  as  much  as  the  acquisition  of  territory  at  a  distance  of  8.000  miles 
from  home,  and  for  which  purpose  the  nation  is  apparently  willing  to  pay  at 
the  rate  of  one  and  a  quarter  million  sterling  per  week  for  an  indefinite  periocl  of 
time. 

It  is  sometimes  urged  that  this  higher  education  does  not  benefit  the  masses ; 
but  could  any  contention  be  more  erroneous  ?  The  poor  have  really  a  far  greater 
stake  in  the  prosperity  of  our  home  industries  and  commerce  than  the  rich ;  for 
whilst  the  decay  of  our  producing  power  will  remove  the  very  means  of  subsist- 
ence from  the  poor,  it  matters  very  little  to  many  of  the  rich  whether  their 
dividends  are  derived  from  home-enterprises  or  from  those  of  a  Billion  Dollar 
Combine  or  some  similar  transatlantic  Trust  or  Corporation. 

Higher  education  and  true  universities  are  also  amongst  the  most  potent  factors 
in  breaking  down  the  hereditary  stratification  of  society  and  in  minimising  the 
advantages  depending  upon  the  accident  of  birth,  so  that,  with  the  greatly 
enhanced  facilities  which  must  be  provided  for  students  without  means,  they 
should  afford  in  the  future,  even  more  than  they  have  done  in  the  past,  an  avenue 
for  the  humblest  boy  of  talent  to  that  position  which  he  is  by  natural  endowment 
and  by  his  own  exertion  best  fitted  to  iill  in  the  interests  of  the  State. 

Is  this  great  work  of  raising  up  a  worthy  system  of  national  higher  education, 
and  of  creating  a  living  interest  and  widely  diffused  enthusiasm  for  knowledge  and 
for  the  increase  of  knowledge  in  all  its  branches,  going  to  be  accomplished  during 
the  century  of  which  we  have  but  crossed  the  threshold  ?  Even  the  most  sanguine 
among  us  dare  not  unhesitatingly  say  Yes  ;  but  assuredly  upon  the  answer,  which 
is  hidden  by  the  veil  of  the  inscrutable  future,  depends  in  the  very  highest  degree, 
not  only  the  material  and  intellectual  welfare  of  the  rising  generations,  but  also 
the  good  name  and  reputation  of  the  Empire  in  our  own  time  and  the  gratitude 
which,  above  all  things,  we  should  strive  to  earn  from  that  immortal  part  of  us 
which  we  call  Posterity. 


The  following  Papers  and  Report  were  read : — 

1.  Duty-free  Alcohol  for  Chemical  Research.     By  W.  T.  LAWRENCE. 

4  The  prtsent  occasion  seems  opportune  to  direct  attention  to  the  fact  that  one  of 
the  most  familiar,  most  readily  procurable,  and  moat  cheaply  produced  of  all  organic 
material  is  placed  beyond  the  reach  of  many  students  by  the  heavy  duty  levied  upon  it. 
May  I,  in  the  name  of  teachers  of  organic  chemistry,  appeal  to  the  Board  of  Inland 
JRevenue,  on  behalf  of  scientijic  and  technical  education,  to  provide  institutions  for 
higher  education  in  science  wi*h  a  limited  quantity  of  pure  alcohol  free  of  duty, 
thereby  placing  schools  of  chemistry  in  this  country  in  the  same  position  as  those 
on  the  Continent  ?'— Dr.  JULIUS  B.  COHEN,  4  Practical  Organic  Chemistry,'  Introduc- 
tion, p.  vi. 

The  remarkable  success  attained  by  the  Baden  Soda  and  Aniline  Factory 
in  the  modification  and  commercial  adaptation  of  laboratory  syntheses,  a 
success  which  has  lately  resulted,  after  some  nine  years  of  experimental  work,  in 
the  manufacture  of  indigo,  &c.,  has  demonstrated  that  organic  research  work, 
which  possessed  at  the  time  a  merely  theoretical  interest,  may  ultimately  find 
valuable  application  in  the  chemical  industry.  English  manufacturers  have 
gradually  awakened  to  an  appreciation  of  the  value  of  research,  and  the  chemist 
who  has  published  a  considerable  amount  of  original  work  will  command  a  high 
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§alary  and,  having  demonstrated  his  ability  to  tacjde  intricate  problems,  will  be 
consulted  when  difficulties  arise. 

To  give  an  example,  a  large  firm  of  manufacturers  in  the  north  of  England, 
finding  that  certain  of  their  comestibles  products  lost  their  colour  on  keeping, 
insteaa  of  communicating  with  a  firm  of  analysts,  consulted  an  organic  chemist, 
who  possessed  little  or  no  experience  of  commercial  organic  analysis,  but  whose 
experiments  and  researches  showed  that  ho  would  consider  the  question  with  an 
innate  knowledge  of  the  subject,  unfettered  by  rule  of  thumb.  The  decision  of  the 
manufacturers  proved  a  wise  one. 

The  majority  of  young  men  engaged  in  organic  research  possess  restricted 
incomes — £100-150  shows  a  fair  average — consequently  the  expense  of  materials 
falls  heavily  on  them.  Such  research  frequently  demands  the  use  of  large 
quantities  of  dutiable  articles — absolute  ethyl  and  methyl  alcohols,  methyl  iodide, 
&c.  Now  the  duty  on  alcohol  is  a  consumption  tax  the  objective  of  which  is 
tersely  put  in  the  following  sentence  from  the  official  Customs  tariff,  '  including 
naphtha  or  methylic  alcohol  purified  so  as  to  be  potable ' ;  but  it  was  certainly 
never  the  wish  of  any  administration  to  tax  experimental  science  and  the 
industries  which  result  from  these  experiments. 

A  good  instance  of  the -absurd  length  to  which  the  Customs  authorities  are 
prepared  to  go  appeared  a  few  weeks  since  in  the  papers.  A  collection  of 
crustaceans  preserved  in  spirit  was  sent  from  India  to  Mr.  Beddard,  the  eminent 
F.R.S. ;  the  Custom  House  wished  to  charge  Mr.  Beddard  26«.  duty  because  the 
spirit  in  which  these  crabs  and  crayfish  were  preserved  had  not  been  methylated, 
and  was  consequently,  we  can  only  suppose,  considered  potable.  I  am  glad  to  say 
the  alcohol  was  poured  away,  and  consequently  the  duty  was  not  paid. 

The  following  figures  from  the  Owens  College  Chemical  Laboratory  show  the 
amount  of  duty  paid  in  the  course  of  one  year  on  methyl  and  ethyl  alcohol  alone : — 

Duty  paid  in  1896-7 £43  16    0 

„       1897-8 £56    0    0 

„      1£98~9 £44  10    0 

The  duty  represents  about  2*15  times  the  original  value  of  the  alcohol. 

Practically  the  whole  of  the  alcohol  purchased  by  the  laboratory  used  by  three 
or  four  chemists  engaged  in  organic  research :  t'hus  the  ledger  debits  from 
October  to  April  1900-01  three  chemists  with  III.  8*.,  (M.  18.x.,  5/.  respectively  for 
alcohol  ;  we  may  therefore  consider  that  these  three  chemists  pay  roughly  60/.  a 
year  for  alcohol,  of  which  sum  about  16/.  U)s.  is  the  actual  value  of  the  alcohol, 
and  the  rest  is  made  up  by  the  duty, 

The  distinct  disadvantage  at  which  the  English  chemist  works,  as  compared  to 
his  Continental  colleagues,  is  shown  by  the  following  statement  kindly  supplied 
by  the  Commercial  Intelligence  Department  of  the  Board  of  Trade : — 

'  So  far  as  the  information  in  the  possession  of  this  branch  goes,  there  would 
apnear  to  be  no  free  admission  of  alcohol  from  abroad  for  industrial  purposes  in 
either  of  the  countries l  named.  There  are  internal  taxes  in  both  countries  from 
which  alcohol  is,  under  certain  circumstances,  exempt ;  but  it  does  not  appear  that 
the  exemptions  affect  the  imported  article,  unless  possibly  in  one  instance,  as  will 
appear  later. 

*  In  France  the  internal  tax  of  220  fr.  per  hectolitre  of  pure  alcohol  is  a 
consumption  tax  from  which  alcohol  used  for  industrial  purposes  is  exempt ,  being 
subject  only  to  a  statistical  ta.r  of  25  centimes  per  hectolitre  of  pure  alcohol. 

1  On  imported  articles,  in  which  alcohol  exists,  the  consumption  tax  is  levied 
(in  addition  to  Customs  duty)  on  the  amount  of  pure  alcohol  which  exists  in  a 
state  of  simple  mixture  or  chemical  combination,  and  it  is  not  absolutely  clear 
whether  if  such  articles  are  to  be  used  for  industrial  purposes  they  would  ba 
exempt  from  this  tax.  The  statistical  tax  on  articles  in  which  the  alcohol  has 
been  entirely  transformed,  eliminated,  or  evaporated  (e.g.,  ether),  plus  80  centimes 
per  hectolitre,  to  compensate  for  the  expenses  of  surveillance,  &c.,  incurred  by 

1  France  and  Germany. 
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French  manufacturers,  is,  however,  levied  on  the  amount  of  alcohol  calculated  to 
have  been  used  in  their  production.  In  Germany  alcohol  used  for  industrial  or 
medicinal  purposes  is  exempt  from  the  tax  on  the  production  of  spirits 
(Brantwcinstener).' 

The  above  remarks  apply  equally  to  alcohol  used  in  chemical  research. 

One  of  the  objections  which  will  possibly  be  raised  by  the  Treasury  in  refusing 
to  move  in  this  matter  is  that  though  a  great  proportion  of  the  cost  of  organic 
research  in  this  country  is  due  to  the  high  cost  or  duty-paid  alcohol  and  ether,  yet 
they  (the  Treasury)  pay  back  to  chemical  science  far  more  than  they  receive  from 
chemistry  as  duty.  It  has  been  suggested  that  the  organic  chemistry  department 
of  the  Owens  College  has  been  peculiarly  favoured  in  the  administration  of  the 
Treasury  grant.  Here  are  the  facts.  In  the  year  1898  the  chemical  department  of 
the  Owens  College  received  176/.,  and  in  the  year  1899  125/.  in  Treasury  grants; 
against  these  items  we  find  that  the  College  in  the  year  1899-1900,  though 
suffering  severely  from  the  financial  depression,  paid  4:271.  15*.  lOd.  for  apparatus 
and  chemicals  used  iii  research,  the  result  being  that  20  per  cent,  of  the  transac- 
tions of  the  Chemical  Society  for  1899  are  occupied  by  contributions  from  the 
College  laboratories.  It  is  well  here  to  point  out  that  the  tax  falls  most  heavily 
on  students  who,  having  just  taken  their  degrees,  are  engaged  in  their  first 
researches.  Such  students,  as  a  rule,  receive  no  pecuniary  assistance. 

Does  not  the  Treasury  grasp  the  elementary  principle  that  the  advance  of 
knowledge,  leading,  as  it  does,  to  the  creation  of  new  industries  and  to  the  perfec- 
tion of  the  old,  becomes  a  valuable,  if  indirect,  source  of  increased  income  ? 

The  Board  of  Inland  Revenue  are  understood  to  object  that  the  administration 
of  a  remission  of  the  duty  in  alcohol  would  be  both  complicated  and  costly. 

Is  this  difficulty  really  so  insuperable?  In  France,  as  has  been  shown,  the 
cost  of  administration  is  met  by  a  statistical  tax.  In  this  country  a  precedent  has 
been  set  in  the  permission  of  responsible  persons  to  use  and  recover  methylated 
spirit. 

'  A  person  desirous  of  using  methylated  spirit  must  make  written  application 
to  the  Commissioners,  stating  the  situation  of  the  premises,  the  particular  purpose 
or  purposes  to  which  the  spirits  are  to  be  applied,  the  quantity  likely  to  be 
required  in  the  course  of  a  year,  and  if  the  quantity  to  be  used  in  a  year  exceeds 
fifty  gallons,  or  there  is  a  still  on  the  premises,  or  means  are  adopted  for  the 
recovery  of  the  spirits  after  use.  He  must  furnish  the  name  of  one  or  more  house- 
holders or  of  a  guarantee  society  to  join  him  in  a  bond  for  the  proper  use  of  the 
spirits.' 

In  America  and  Canada  colleges  and  institutions  are  permitted  to  use  alcohol 
free  of  duty  on  a  signed  requisition  from  the  head  of  the  college  or  department. 
Should  this  suggestion  be  adopted  or  not? 

A  modification  of  the  following  scheme  might  be  found  workable.  Institu- 
tions and  laboratories  desirious  of  using  pure  alcohol  for  scientific  purposes  might1 
apply  to  the  Board  of  Inland  Revenue  for  a  licence  (for  which,  say,  a  charge  of 
5*.  to  10.*.  could  be  made);  the  manufacturer  or  retailer  supplying  the  alcohol  in 
this  country  would  with  the  delivery  note  send  a  form  which  could  be  filled  up 
and  signed  by  the  director  of  the  institution  or  laboratory,  and  the  manufacturer 
or  retailer  would  ultimately  obtain  remission  of  duty  from  the  Inland  Revenue 
Board  on  presentation  of  these  forms  as  bonajide*.  In  the  case  of  alcohol  coming 
from  foreign  countries  the  usual  Customs  note  would  be  so  modified  that  the  con- 
signee would  be  able  to  apply  direct  for  rebate.  If  the  Board  of  Inland  Revenue 
consider  supervision  of  sucli  institution  and  laboratories  necessary,  it  surely  would 
not  entail  much  extra  work  on  those  officials  who  now  control  the  use  of  methy- 
lated spirit. 

What  steps  can  be  taken  to  obtain  this  object  ?  It  is  first  necessary  to  ascer- 
tain whether  to  effect  such  a  change  would  be  within  the  statutory  powers  of  the 
Board  of  Inland  Revenue,  or  whether  it  would  be  necessary  to  introduce  a  Bill1 
into  Parliament. 

In  the  first  case  it  seems  to  me  that  an  influential  deputation  might  wait  on 
the  First  Lord  of  the  Treasury  or  the  Chancellor  of  the  Exchequer  and  represent 
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to  him  the  facts  of  the  case.  In  the  second  case  the  question  becomes  more 
complicated. 

My  view — a  view  shared  by  many  eminent  chemists  present  at  this  meeting — 
is  that  it  would  be  highly  advantageous  to  appoint  a  small  committee  to  consider 
the  question  and  to  report  on  it. 

The  intention  of  this  article  has  been  to  again  call  attention  to  a  subject  which, 
though  frequently  the  object  of  fruitless  endeavours,  yet  by  its  very  reasonable- 
ness deserves  success.  Organic  chemists  will  find  that  they  will  have  to  present  a 
•very  strong  case,  influentially  backed,  before  they  can  persuade  such  officials  of 
the  Treasury  and  Board  of  Inland  Revenue  as  do  not  possess  the  scientific  mind 
to  recognise  the  importance  of  the  subject ;  yet  the  time  is  coming  when 

*  the  thoughts  of  men  are  widen'd  with  the  process  of  the  suns.' 


2.  The  Coal  Tar  Industry. 
By  Dr.  A.  G.  GREEN.— See  Reports,  p.  252. 


3.  Report  on  a  New  Series  of  Wave-length  Tables  of  the  Spectra 
of  the  Elements. — See  Reports,  p.  79. 


FRIDAY,  SEPTEMBER  13. 
The  following  Papers  were  read  : — 

1.  Enzyme  Action.     By  ADRIAN  J.  BROWN. 

The  author  has  already  shown  l  that  in  alcoholic  fermentation  a  constant 
weight  of  sugar  is  decomposed  in  unit  time  by  a  constant  amount  of  yeast  in  solu- 
tions containing  different  amounts  of  sugar,  and  has  called  attention  to  the  fact 
that  in  this  respect  the  action  of  fermentation  differs  essentially  from  that  of  inver- 
sion, which,  according  to  C.  O'Sullivan  and  Tompson,  follows  the  law  of  mass 
action.2 

So  long  as  the  phenomenon  of  fermentation  was  believed  to  be  a  life  function 
inseparable  from  the  living  yeast  cell,  it  did  not  appear  remarkable  that  the  order 
of  progression  of  its  action  should  differ  from  that  of  inversion  ;  but  since  Buchner 
has  Bnown  that  fermentation,  like  inversion,  is  an  enzyme  action,  this  point  of 
difference  required  further  investigation, 

The  author  has  examined  the  action  of  invertase  on  cane  sugar  experimentally, 
and  demonstrates  that  the  action  as  usually  studied  does  not  follow  the  law  of 
mass  action,  but  resembles  that  of  fermentation. 

The  curve  of  action  of  invertase  found  by  C.  O'Sullivan  and  Tompson  does  not 
instance  mass  action,  but,  as  suggested  byDuclaux,3  its  form  is  due  to  the  arresting 
influence  of  inversion  products.  J.  O'Sullivan's  experiments*  on  the  power  of 
inversion  of  living  yeast  cells  are  referred  to,  and  it  is  shown  that  the  results  of 
his  experiments  also  confirm  the  author's  conclusion. 

But  although  the  action  of  inversion  as  studied  by  C.  O'Sullivan  and  Tompson, 
J.  O'Sullivan,  and  the  author  does  not  follow  the  law  of  mass  action,  the  author 
does  not  regard  the  action,  however  produced,  as  independent  of  mass  influence, 
and  considers  that  the  influence  of  mass  in  inversion  changes  as  it  has  hitherto 
been  studied  is  restricted  by  some  other  influence.  This  influence  he  believes 
exists  in  the  time  factor  of  molecular  change. 

1  /.  Chem.  flw.,  61,  1802,  380.  2  Ilidn  67,  1890,  K65. 

»  Ann  Inrt,  Paitcvr,  U98.  4  J.  Chem.  Soc.;  61,  1892,  920. 
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In  any  simple  chemical  change  the  influence  of  mass  regulates  the  number  of 
molecular  contacts  between  acting  and  reacting  molecules  in  unit  time ;  but  if  a 
time  factor  enters  into  the  molecular  reaction,  there  must  be  a  point  beyond  which 
the  number  of  molecular  changes  cannot  increase  owing  to  the  restriction  of  time 
in  the  action,  and  this  point  will  be  determined  by  the  relative  frequency  of 
molecular  contact  and  the  length  of  the  time  interval  of  molecular  change. 

There  is  good  reason  to  believe  that  during  inversion  of  cane  sugar  the  sugar 
enters  into  molecular  combination  with  iavertase  previous  to  change,  which  pre- 
supposes a  time  factor  of  some  magnitude.  Under  these  conditions  it  therefore 
appears  the  more  probable  that  this  factor  limits  the  effect  of  mass  action  in 
inversion  changes  as  observed  in  solutions  of  ordinary  concentration.  But  if  this 
is  so,  there  must  bo  a  point  of  dilution  in  cane  sugar  solutions  when  invertase, 
acting  in  the  dilute  solutions,  exhibits  an  order  of  change  in  conformity  with  mass 
action.  The  author  shows  by  direct  experiment  that  this  point  is  reached  in  a 
solution  containing  about  1  per  cent,  of  cane  sugar,  so  far  confirming  his  conclusion 
that  the  time  factor  of  molecular  change  limits  the  action  of  inversion  in  all  but 
very  dilute  solutions  of  cane  sugar. 

As  the  character  of  the  action  of  fermentation  has  been  shown  to  resemble 
that  of  inversion,  it  appears  very  probable  that  in  this  enzyme  change  also  the 
time  factor  of  molecular  change  limits  its  action  ;  and  possibly  the  influence  may 
be  evidenced  in  all  enzyme  change,  and  so  play  an  important  part  in  the  complex 
functions  of  living  organisms  which  depend  on  enzyme  action. 


2.  Radium.     Tty  Professor  W.  MARCKWALD. 

The  Section  was  then  divided  into  two  Departments. 


DEPARTMENT  I. 
The  following  Report  and  Papers  were  read  :— 

1.  Report  on  the  Relation  between  the  Absorption  Spectra  and  Chemical 
Constitution  of  Organic  Substances. — See  Reports,  p.  208, 


2.  On  tlw  Chemical  and  Biological  Gluingcs  occurring  during  the  Treat- 
ment of  Sewage  by  the  so-called  Racfrria  Reds.  II y  Professor  LETTS, 
ZJ.tfe.,  Ph.D.,  and  R.  F.  BLAKE,  F.C.S.,  F.I.C. 

It  is  generally  assumed  that  the  so-called  '  bacteria  beds '  act  as  oxidising 
agencies,  absorbing  oxygen  from  the  air  during  their  periods  of  rest  and  subse- 
quently transferring  it  to  the  constituents  of  the  sewage  when  the  beds  are  filled 
with  this  latter,  the  transfer  being  effected  by  micro-organisms  which  have  esta- 
blished themselves  on  the  surface  of  the  material  with  which  the  beds  are  filled. 

It  also  appears  to  be  generally  taken  for  granted  that  the  micro-organisms 
mainly  concerned  in  the  purification  process  are  the  nitrifying  organisms.  Hence 
if  these  views  are  correct,  the  effluent  from  the  bacteria  beds  should  contain 
nitrates  and  nitrites  equivalent  in  amount  to  the  uuoxidised  nitrogen  which  disap- 
pears during  the  treatment.  But  on  examining  the  results  obtained  by  chemists 
m  investigations  on  sewage  purification  it  will  be  found  that  comparatively  small 
amounts  of  nitrate  and  nitrite  are  produced  in  relation  to  the  unoxidised  nitrogen 
disappearing. 

The  following  figures  are  taken  (or  have  been  calculated)  partly  from  results 
given  in  the  Manchester  Report  of  the  Rivers  Committee,  January  22,  1900, 
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Table  1,  the  Leeds  Report  on  Sewage  Disposal,  December?  1898,  Table  1,  and 
partly  from  the  table  (p.  68)  given  in  Dibdin's  book  on  the  '  Purification  of  Sew- 
age and  Water/ 


Nitrogen 
disappearing  as 
1  Free  '  and         | 
1  Albuminoid  '     i 
Ammonia         | 

Nitrogen  found  in  the  Effluent 
as  Nitrate  and  Nitrite  after  double 
contact  with  the  Bacteria  Beds 

i 

Grains  per  Gallon  i 

Grains  per  Gallon 

Percentage  on 
Nitrogen 
disappearing 

Manchester 
Sutton        .... 
Leeds         .... 

1-634           I 
7-185           i 
1-628 

0-636 
1-100 
0-11 

30 
15 

7 

It  is  quite  evident,  therefore,  that  a  considerable  portion,  and  in  most  cases  the 
greater  part,  of  the  unoxidised  nitrogen  which  disappears  must  be  got  rid  of  in 
some  other  form,  and  the  question  arises  as  to  how  this  may  occur.  In  all  prob- 
ability there  are  two — and  only  two — alternative  ways  in  which  the  nitrogen  can 
be  lost,  viz.  — 

(1)  It  may  escape  in  the  gaseous  state  as  free  nitrogen,  or  possibly  as  oxides 
of  nitrogen. 

(2)  It  may  pass  into  the  tissues  of  animals  or  vegetables,  the  former  of  which 
may  escape  from  the  bacteria  beds,  and  the  latter  (and  possibly  the  former  also) 
may  remain  permanently  in  the  beds. 

In  other  words  there  may  be  either  a  chemical  or  a  biological  explanation,  or 
both  together. 

Chemical  Explanation. — In  an  investigation  on  the  effects  of  double  contact 
with  bacteria  beds  on  screened  and  settled  sewage  the  authors  made  analyses  of 
the  dissolved  gases  present,  both  in  the  original  sewage  and  in  the  effluent  from 
both  beds,  the  samples  being  collected  in  such  a  manner  that  they  did  not  come 
into  contact  with  the  air. 

The  general  results  of  these  analyses  were  as  follows :— (1)  l*ractically  no 
oxygen  was  present,  either  in  the  sewage  or  effluents.  (2)  The  effluent  from 
first  contact  always  contained  considerably  more  carbonic  anhydride  than  the 
original  sewage,  and  with  two  exceptions  the  effluent  from  second  contact  also 
contained  an  excess  of  that  gas.  (3)  In  eleven  out  of  twelve  series  of  analyses  the 
quantity  of  nitrogen  in  the  effluent  was  in  excess  of  that  present  in  the  original 
sewage,  and  generally  speaking  it  was  in  larger  excess  in  the  effluent  from  double 
contact  than  in  that  from  single  contact. 

As  the  first  six  series  of  analyses  only  were  made  under  exactly  the  same  con- 
ditions, the  authors  find  that,  taking  them  as  the  basis  of  calculation,  on  the  average 
the  excess  of  nitrogen  in  the  effluent  from  second  contact  over  that  present  in  the 
sewage  amounted  in  weight  to  0'272  part  per  100,000,  while  the  loss  of  un- 
oxidised nitrogen  which  had  occurred  in  the  sewage  (by  Kjeldahl's  process) 
amounted  to  2-2  parts,  or  that  12  per  cent,  of  the  nitrogen  lost  from  the  sewage 
during  purification  was  thus  accounted  for,  while  in  one  particular  case  it  amounted 
to  31  per  cent. 

In  all  probability  only  a  fraction  of  the  free  nitrogen  actually  evolved  would 
be  retained  by  the  effluent,  the  rest  escaping  into  the  air. 

Biological  Explanation. — As  regards  the  possibility  that  nitrogen  is  lost  bio- 
logically, i.e.,  is  absorbed  into  the  tissues  of  animals  or  plants  which  feed  on  the 
sewage,  there  can  be  no  doubt  that  a  portion  does  escape  in  that  way.  The  bacteria 
beds  at  Belfast  and  elsewhere  swarm  with  minute  insects  (Podura  aquatica). 
These,  escaping  in  myriads,  often  form  a  thick  layer  on  the  surface  of  the  effluent, 
which  looks  fike  eoot.  There  can  be  no  question  that  in  thus  escaping  these 
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animals  carry  with  them  some  of  the  nitrogenous  constitutents  of  the  sewage  which 
they  have  devoured,  but  as  yet  the  authors  have  formed  no  estimate  of  the  quan- 
tity so  removed.  There  are  also  species  of  worms  always  present  in  the  bacteria 
beds  in  considerable  numbers  which  no  doubt  also  feed  on  the  sewage. 


3.  Humus  and  the  Irreducible  Residue  in  the  Bacterial  Treatment 
of  Sewage.     By  Dr.  S.  RIDEAL. 


4.  Sulphuric  Acid  as  a  Typhoid  Disinfectant.     By  Dr.  S.  RIDEAL. 


5.  On  the  Inverse  delation  of  Chlorine  to  Rainfall. 
By  WILLIAM  ACKKOYD,  F.I.C. 

llainfalls  of  various  dates  when  compared  among  themselves  appear  so  erratic 
in  their  quantitative  composition  that  observers  have  generally  been  satisfied  with 
monthly  or  half-yearly  averages.  When  the  periods  of  observation  are  shortened 
to  daily  estimations,  say  of  the  chlorine,  it  clearly  appears  that  minimum  amounts 
of  rainfall  are  marked  by  maxima  of  chlorine  contents,  and  rice  versa.  Thus  in  a 
daily  comparison  where  the  results  are  plotted  for  tenths  of  an  inch  of  rainfall  and 
parts  per  100,000  of  chlorine  the  respective  curves  interlock  and  each  chlorine  peak 
has  its  corresponding  rainfall  hollow.  This  will  be  seen  on  following  the  plotted 
observations  in  the  diagram  for  Halifax,  November  12,  1000,  to  March  7,  1901. 
It  is  also  apparent  in  the  diagrams  for  country  rainfall  which  illustrate  my  paper 
'On  the  Distribut  ion  of  Chlorine  in  Yorkshire,  Part  II.,'  and  where  the  observa- 
tions are  weekly.  Marked  parallelism  of  chlorine  curves,  where  several  are  com- 
pared, is  regarded  as  being  due  to  common  causes. 

6.  On  the  Distribution  of  Chlorine  in  Yorkshire,  Part  II. 
By  WILLIAM  ACKROYD,  F.I.C. 

All  figures  refer  to  parts  of  chlorine  per  100,000  of  water. 

As  the  result  of  many  observations  of  minima,  the  chlorine  is  found  to  increase 
from  '7  -1  in  the  west  and  north-west,  where  the  rivers  originate,  to  1*7-2  in  the 
east  and  south-east,  where,  in  the  Chalk  Wolds,  the  upturned  edges  of  the  chalk 
drink  in  and  store  up  a  vast  amount  of  rain  water,  which  is  utilised  by  many  of 
the  East  Hiding  communities.  Iteyond  this  there  is  a  south-eastern  area  of  high 
chlorine  figures  formed  by  the  triangular  tract  of  drift  ending  with  Spurn  Head. 

Normal  chlorine  is  atlected  by  manufacturing  centres.  From  observations  ex- 
tending over  three  months,  it  is  shown  that  in  a  manufacturing  town  like  Halifax 
the  atmospheric  contribution  through  the  rain  is  '01  part  of  chlorine  per  288 
people  per  square  mile,  and  that  the  total  contribution  for  ground  as  well  as  air  is 
•01  part  of  chlorine  per  53  of  the  population. 

Attention  is  also  drawn  to  a  disturbing  influence  in  the  prevalence  of  high 
winds  from  the  sea,  which  send  up  the  chlorine  figures  for  the  rainfall. 


DEPARTMENT  II. 

The  following  Papers  and  Report  were  read : — 

1.  Hydration  of  Tin ,  including  the  Action  of  Light. 
By  Dr.  J.  H,  GLADSTONE,  F.R.S.,  and  GEORGE  GLADSTONE. 

The  authors  described  a  tin  trade  mark  which  had  been  standing  in  the  miner*- 
logical  cabinet  of  Mr.  George  Gladstone  for  twenty-seven  years,  exposed  on  the  front 
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to  diffused  daylight.  The  whole  of  the  exposed  surface  was  verjr  dark  in  colour, 
especially  where  the  exposure  was  most  complete.  On  examining  it  under  the 
microscope  it  was  found  to  be  covered  with  little  granules  varying  in  colour  from 
yellow  to  dark  reddish-brown.  Where  the  dark  granules  were  thickest  there  were 
found  small  yellow  lumps  that  had  all  the  appearance  of  colloidal  matter.  Some 
of  this  was  removed  and  treated  with  water.  The  microscope  revealed  a  quantity 
of  light-coloured  translucent  films ;  the  edges  of  the  drop  of  water  on  evaporation 
showed  imperfect  colourless  crystals  resembling  closely  those  obtained  from  other 
specimens  of  tin  colloid,  together  with  gelatinous  matter.  It  was  evident  that 
tnere  had  been  a  slow  chemical  change,  greatly  due  to  the  action  of  light,  as 
the  back  of  the  trade  mark,  which  was  practically  in  the  dark,  showed  very  little 
discoloration.  In  order  to  see  whether  this  could  be  repeated  within  a  short  time, 
three  experiments  were  made  on  freshly  cut  surfaces  of  tin.  The  first  was  kept  in 
the  dark  for  six  weeks,  and  sometimes  subjected  to  a  temperature  of  100  C.: 
under  the  microscope  it  showed  no  clear  sign  of  any  action.  The  second  was 
exposed  for  the  same  time  to  diffused  daylight :  it  showed  slight  but  unmistakable 
signs  of  granular  formation .  The  third  was  exposed  to  direct  sunlight :  it  was 
distinctly  spotted  over  with  dark-coloured  granules. 


2.  Transitional  Forms  between  Colloids  and  Crystalloids. 
By  Dr.  J.  H.  GLADSTONE,  F.lt.S.,  and  WALTER  HIBBERT,  F.I.C. 

The  investigation  of  the  crust  formed  on  the  tin  trade  mark  referred  to  in  tlm 
previous  paper  induced  the  authors  to  carry  the  inquiry  further.  Among  the 
remains  of  the  ancient  British  village  near  Glastonbury,  which  had  been 
submerged  in  the  marsh  for  2,000  years,  were  the  rod  and  weights  of  tin  described 
in  the  British  Association  Report  for  1890,  p.  595;  and  an  examination  of  the 
crust  formed  on  these  objects  showed  the  gradual  formation  of  yellow,  amber,  and 
reddish-brown  hydrates,  together  with  minute  egg-like  bodies,  which,  when 
broken,  were  found  t*»  contain  gelatinous  matter  soluble  in  water,  and  giving  on 
evaporation  crystals  having  curved  edges.  The  crystals  are  very  definite  in  form, 
but  are  generally  colourless  and  hygroscopic.  A  specimen  of  native  easaiterite 
gave  similar  results ;  and  so  did  colloidal  tin  hydrate  formed  from  stannic  chloride 
by  dialysis.  Colloidal  hydrate  of  titanium  gave  intermediate  bodies  closely 
resembling  those  of  tin.  The  same  was  found  to  be  the  case  with  aluminium  and 
palladium  colloids.  No  similar  forms  have  yet  been  obtained  from  silica ;  but  it  is 
well  known  that  quartz  crystals,  diamonds,  and  ice  are  apt  to  exhibit  curved  edges 
and  conchoidal  fracture. 

The  authors  regard  these  semi-crystalline  bodies  as  intermediate  forms 
betweeen  the  gelatinous  colloids,  whether  pecti.sed  or  not,  and  the  ordinary 
crystallised  metallic  hydrates.  They  look  upon  them  as  consisting  of  the  hydrate 
combined  with  many  molecules  of  water,  and  think  that  the  various  kinds  of 
crystals  (crosses,  fishes,  rliomb?,  &c.)  are  due  to  different  amounts  of  combined 
water,  as  they  show  different  degrees  of  solubility  and  of  di (Fusibility.  The 
isomorphism  between  these  hydrates  of  tin,  titanium,  and  aluminium  is  worthy  of 
notice. 

The  secular  changes  that  take  place  in  these  gelatinous  hydrates,  and  the 
formation  of  the  insoluble  films,  are  the  subject  of  investigation  at  the  present  time. 

3.  Report  on  the  Nature  of  Alloys. — See  "Reports,  p.  75. 

4.  The  Minute  Structure  of  Metals.     By  G.  T.  BEILBY. 

Microscopic  examination  of  metallic  surfaces  produced  by  breaking,  tearing,  or 
filing,  by  rolling,  drawing,  hammering,  or  polishing,  has  shown  that  the  metals  as 
they  are  ordinarily  met  with  appear  in  two  forms  :— 

(a)  As  minute  granules  or  scales. 

(b)  As  a  transparent,  glass-like  substance. 
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These  two  forms  of '  metal  substance  T  occur  in  all  of  the  metals  examined,  and 
taken  together  they  do  not  appear  to  depend  in  any  way  on  the  particular  thermal 
or  mechanical  treatment  to  which  the  metal  has  been  subjected,  nor  on  the  greater 
or  less  mass  of  the  particular  piece  of  metal  examined.  Their  existence  is 
therefore  to  a  great  extent  independent  of  the  conditions  which  determine  the 
particular  crystalline  structure  of  metals  and  alloys. 

In  form  (a)  the  granules  or  scales  do  not  vary  much  in  size  in  the  different 
metals  examined,  which  include  among  their  number  representatives  of  most  of 
the  great  groups.  The  diameter  of  the  scales  is  estimated  to  range  from  ^v  to 
jfcff  of  a  millimetre.  Their  thickness  hae  not  yet  been  measured,  but  they  can  be 
seen  by  reflected  light  when  their  thickness  is  certainly  less  than  T^iuw  °*  a  milli- 
metre. 

Form  (I))  is  seen  as  a  transparent  glass-like  film  on  metal  surfaces,  which  have 
been  exposed  to  certain  forms  of  pressure.  In  the  transparent  form  the  metals 
have  their  characteristic  colours  by  transmitted  light ;  for  instance,  gold  is  green, 
iron  and  platinum  are  blue,  copper  is  red,  nickel  is  olive  green. 

The  scale  form  (a)  passes  into  the  transparent  form  (b)  when  the  metal  is  pressed 
or  hammered  upon  a  hard  polished  surface.  The  same  effect  takes  place  when  a 
mirror-like  polish  in  produced  by  ordinary  methods.  Files  or  cutting  tools  in 
passing  over  the  surface  or  through  the  substance  of  metals  leave  the  cut  or 
scraped  surface  covered  with  a  more  or  less  continuous  film  of  transparent  metal. 
By  suitable  treatment  a  coating  of  transparent  metal  can  be  formed  of  varying 
degrees  of  thickness,  so  that  by  reflected  light  scales  can  be  seen  more  or  less  deeply 
imbedded  in  the  transparent  coating.  The  light  from  the  deeper  scales  shows  the 
characteristic  colour  of  the  metal.  In  some  cases  the  colour  of  the  coating 
appears  so  dense — as  seen  by  the  microscope — that  no  reflected  light  reaches  the 
surface. 

Attempts  have  been  made  to  measure  the  thickness  of  the  transparent  film  by 
focussing  for  its  upper  and  lower  surfaces,  or  for  the  upper  surface,  and  for  scales 
embedded  in  the  mm,  and  measuring  the  movement  of  the  microscope  between 
the  two  points.  As  these  measurements  appear  to  give  rather  exaggerated  results 
their  publication  is  held  over  for  the  meantime. 

The  transparent  metal  (b)  passes  back  into  the  scale  form  (a)  under  certain 
kinds  of  mechanical  or  chemical  treatment. 

The  metals  already  examined  include  ^old,  silver,  platinum,  cobalt,  nickel, 
chromium,  iron,  copper,  lead,  bismuth,  antimony,  tin,  cadmium,  magnesium, 
aluminium,  zinc. 

The  highly  crystalline  metals,  such  as  antimony,  bismuth,  and  zinc,  exhibit  the 
same  features  as  the  softer  and  more  malleable  metals.  The  crvstalline  faces  and 
cleavage  planes  are  covered  with  a  film  of  transparent  metal,  wfiile  scales  are  dis- 
tinctly seen  in  fractures  at  right  angles  to  the  cleavage  planes. 

Galena  shows  similar  appearances. 

The  zinc  and  tin  alloys  of  copper  show  the  same  minute  structure  and  appear- 
ances. 

The  persistence  of  these  minute  scales  under  all  kinds  of  mechanical  and 
thermal  treatment,  the  remarkable  uniformity  of  their  size  and  appearance  in 
metals  of  all  of  the  leading  groups,  their  disappearance  into  the  transparent  form 
and  their  reappearance  again  apparently  unchanged  in  size  or  otherwise — all  this 
seems  to  afford  fair  ground  for  the  conjecture  that  they  are  in  some  way  definite 
units  in  the  structure  of  metals. 

5.  On  the  Action  of  Ammonia  on  Meted s  at  High  Temperatures. 
By  G.  G.  HENDERSON,  D.Sc.,  and  G.  T.  BEILBY. 

Platinum,  gold,  silver,  copper,  iron,  nickel,  and  cobalt  have  been  exposed  to 
the  action  of  ammonia  at  temperatures  -  *-?'-  r  f—~-  600°  to  900°.  In  every  case 
the  physical  effect  of  the  treatment  was  •  '  •  ••«•••*•  the  metal  completely,  while 
a  large  proportion  of  the  ammonia  was  resolved  into  its  elements. 

The  fracture  of  metals  which  have  been  exposed  to  this  action  has  been 
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described  by  earlier  observers  as  '  crystalline.'  This  is  not  the  case :  it  is  spongy 
or  cellular,  and  appears  under  the  microscope  as  if  it  had  been  suddenly  cooled 
while  in  a  state  of  active  effervescence. 

The  penetration  of  the  ammonia  molecule  into  the  metal  is  remarkably  quick. 
Iron  and  copper  rods  a  quarter  of  an  inch  in  diameter  were  completely  penetrated 
to  the  centre  in  thirty  minutes.  But  disintegration  goes  on  almost  indefinitely 
thereafter.  Copper  exposed  for  seven  days  to  this  action  at  a  temperature  of 
800°  became  reduced  to  a  fine  spongy  powder.  The  prolonged  action  on  platinum 
produces  very  fine  deposits  of  platinum  black  on  the  surface  of  the  more  massive 
metal. 

The  authors  believe  that  the  physical  effects  which  result  from  this  action  are 
explained  by  the  alternate  formation  and  dissociation  of  the  nitrides  of  the  metals 
taking  place  between  certain  narrow  limits  of  temperature,  the  reaction  being 
turned  in  either  one  direction  or  the  other  according  as  ammonia  or  hydrogen 
molecules  preponderate  in  the  gases  which  are  in  contact  with  the  molecules  of 
metal  at  and  below  the  surface. 

It  is  suggested  that  the  formation  of  spongy  deposits  on  the  outside  of 
platinum  crucibles  heated  by  Bunsen  burners,  as  well  as  the  disintegration  of  the 
platinum  wires  of  pyrometers  exposed  to  furnace  gases,  may  be  accounted  for  by 
the  presence  of  traces  of  ammonia  in  the  combustion  gases. 

The  absorption  of  small  quantities  of  nitrogen  by  pure  iron  renders  it  hard 
and  brittle  like  steel.  Malleable  iron  tubes  exposed  for  seven  days  to  the  action 
of  ammonia  at  a  temperature  of  800°  became  so  brittle  that  they  could  be  broken 
like  porcelain  by  a  blow  from  &  hammer. 

It  is  suggested  that  some  of  the  effects  on  the  structure  and  properties  of  iron 
and  steel  which  are  at  present  attributed  to  other  elements  may  be  due  to  the 
presence  of  traces  of  nitrogen. 

6.  Aluminium- Tin  Alloys.      By  W.  CABRICK  ANDERSON,  M.A.,  D.Sc., 
and  GEORGE  LEAN,  J3.Sc. 

This  investigation  was  undertaken  to  ascertain,  with  some  definiteness,  the  general 
properties  of  the  alloys  of  aluminium  and  tin,  and  particularly  the  cause  of  the 
peculiarity,  first  pointed  out  by  Iliclie,1  that  the  alloy  containing  25  per  cent, 
aluminium  evolves  hydrogen  freely  when  placed  in  water.  This  property  was 
found  to  belong,  not  only  to  the  particular  alloy  in  question,  but  to  the  whole 
series,  whether  cast  or  annealed. 

From  the  determinations  of  the  cooling  curves  it  is  shown  that  tin  dissolves  in 
aluminium,  but  that  in  the  case  of  allovs  containing  more  than  10  per  cent,  tin  a 
second  break  in  the  cooling  curve  takes  place  at  232°  C.,  indicating  an  excess  of  tin.2 
V  •  •:  *  '  *  j  also  employed  to  show  the  structure  of  the  alloys  in  the  cast 

•  :  i  .  •  •  •  •  '  :  ,  •  The  amounts  of  hydrogen  evolved  from  the  several  alloys, 
cast  and  annealed,  were  found  to  stand  in  no  simple  relation  either  to  the  weights 
of  the  constituent  metals  present,  or  to  the  depression  in  the  aluminium  melting 
point. 

From  microscopic  examination  of  water-corroded  plates  the  conclusion  is 
arrived  at  that  contact  action  between  the  tin  aud  the  stanniferous  aluminium  is 
mainly  responsible  for  this  spontaneous  oxidation. 

7.  Aluminium- Antimony  Alloys.     By  W.  CAMPBELL. 
8.  Aluminium-Copper  Alloys.    By  W.  CAMPBELL. 


1  Riche,  Jr.  Phawn.  Chem.,  1895, 1.  v. 

3  H.  Gautier,  Comptes  Rendus,  123  [1896],  p.  109. 
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SATURDAY,   SEPTEMBER   14. 

The  Section  did  not  meet. 


MONDAY,   SEPTEMBER   16. 

The  following  Papers  and  Reports  were  read  : — 

1.  On  the  Three  Sfereomeric  Cinnamic  Acids. 
By  Professor  A.  MICHAEL. 

2.  On  the  Genesis  of  Matter.     By  Professor  A.  MICHAEL. 

3.  On  the  Process  of  Substitution .     By  Professor  A.  MICHAEL. 

4.  On  the  Synthetical  Formation  of  Bridged-rings. 
By  Professor  W.  H.  PERKI*  F.K.S. 

5.   The  Condensation  of  ttcnzil  with  Dibenzyl  Ketone. 
By  G.  G.  HENDERSON,  D.Sc.,  and  R.  H.  CORSTORPHINE,  B.Sc. 

Benzil  condenses  readily  with  diben/yl  ketone  in  presence  of  aqueous  caustic 
potash,   and  tetraphenylryclopentfnofane   is   produced  according   to  the  equation 

Ph.  CO     Ph.  Oil.,.  Ph.C  =  C.Ph 

|     +  )CO  =  H.,0-t  |  >CO 

Ph.  CO     Ph.CH/  "       Ph.C(OII).CHPh/ 

The  new  compound  crystallises  in  colourless  lustrous  needles,  m.p.  208°.  It  is 
readily  soluble  in  benzene,  but  only  sparingly  in  alcohol.  It  yields  an  o.rime  which 
crystallises  in  small  colourless  prisms,  m.p.  107°,  and  when  heated  in  alcoholic 
solution  with  parabromphenyihydrazine  it  gives  a  crystalline  hydrazone,  m.p.  169°. 
The  aceti/l  derivnticc  was  obtained  in  prisms  of  a  dark  purple  colour,  from  which 
ihe  colouring  matter  could  not  be  removed  by  recrystallisation :  it  melts  at  218°. 
Tetraphenylcvelopentenolone  readily  decolorises  permanganate,  yet  it  does  not 
combine  additivoly  with  bromine,  as  might  be  expected  from  its  constitution,  but 
is  slowly  converted  into  an  unstable  bromine  derivative,  which  was  not  obtained  in 
a  state  of  purity.  It,  also  reacts  with  phosphorus  pentachlpride  and  with  alcobolic 
hydrogen  chloride,  but  the  product,  which  contained  chlorine,  was  too  unstable  to 
aclmit  of  purification.  When  cautiously  oxidised  with  chromic  anbydride  dis- 
solved in  glacial  acetic  acid  it  gives  benzole  «eid  and*  a  neutral  compound  of  the 
formula  ( \sl I.,0O4,  which  occurs  in  colourless  crystals,  in.p.  164°.  When  boiled  under 
a  reflux  condenser  with  hydriodic  acid  and  red  phosphorus,  tetraphenylcyclopente- 

rh.C  =  CPh      v 
nolone  is  partially  reduced  and  tetraphem/lcucloucntoiul  \  /  GHOH 

'     '  Ph.CII.CHPl/ 

is  obtained.  This  substance  crystallises  in  shining  colourless  needles,  m.p.  162°. 
It  la  readily  soluble  in  benzene,  but  very  sparingly  in  alcohol,  and  it  reduces 
permanganate.  It  does  not  react  either  with  hydroxylainine  or  with  phenylhydra- 
zine,  but  it  yields  an  acetyl  derivative,  which  crystallises  in  colourless  tablets, 
in.p.  182°.  It  does  not  form  an  addition  product  with  bromine,  but  is  converted 
into  a  bromine  derivative,  C20H22Br  .  OH,  which  crystallises  in  colourless  needles, 
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m.p.  215°,  and  by  the  action  of  phosphorus  pentachloride  or  of  alcoholic  hydrogen 
chloride  it  yields  a  chlorotetmphenylcyclopentene,  0.JUH>301,  in  the  form  of  colour- 
less prisms,  m.p.  181°.  By  heating  at  180°  in  a  sealed  tube  with  hydriodic 
acid  and  red  phosphorus,  tetraphenylcyclopentenol  is  reduced,  and  yields  a 
mixture  of  two  hydrocarbons,  C.,(JI.M  pnd  C._,,,IL,,,  which  can  be  separated  by  means 
of  ether,  in  which  the  former  is  readily  and  the  latter  sparingly  soluble.  CW!I34 
separates  from  ether  as  a  crystalline  powder,  which  melts  with  decomposition, 

rh.c=cph 

over  300°.    It  is  no  doubt  tetraplienylcyclopcntene  \  \  OIF,.      The 

Ph.CHCIIPh/ 

other  hydrocarbon  separates  in  the  crystalline  state  from  alcohol.  It  melts  at 
80*5-81°,  and  is  apparently  identical  with  the  tetraphenylcyclopentene 
PhOH-CIIPh  " 

I  \CHo,  already  prepared,  in  a  different  manner,  by  Wislicenus. 

PhCH-CHPh/ 


6.  Some  Relations  between  Physical  Constants  and  Constitution  in 
Benzenoid  Amines.  Part  III.  By  W.  R.  HODGKINSON  and 
L.  LIMPACH. 

In  the  '  Proc.  Chem.  Soc./  1893,  9,  41,  we  drew  attention  to  some  relationships 
between  melting-points  and  constitution  in  some  amines,  and  a  further  contribu- 
tion by  Gordan  and  one  of  us  on  the  same  subject  appears  in  'Trans.  Chem.  Hoc./ 
1901,  79,  1080. 

Since  then  a  considerable  number  of  amines,  their  formyl  and  acetyl,  and  other 
derivatives  have  been  prepared,  it  is  believed,  in  as  pure  a  state  ns  possible,  and 
their  melting-points  rede  term  ined. 

The  first  point  noticeable  is  that  the  difference  between  the  melting-points  of 
the  formyl  and  acetyl  derivatives  of  bases  of  the  same  constitution  is  the  same  or 
very  nearly  so. 

If  in  any  base  a  methyl  group  be  replaced  by  ethyl  or  oxy methyl  (OGIl,)  the 
melting-points  of  the  formyl  and  acetyl  compounds  change,  but  the  differences 
between  them  appear  to  be  the  same  as  between  the  formyl  and  ucetyl  derivatives 
of  the  methyl  compounds. 

The  following  will  serve  as  instances : — 


Melting-points 

— 

Constitution  * 

Formyl- 

Acctyl- 

Difference 

compouiul 

compound  i 

CH,    CHS  CH, 

i 

Pseudo  Cumidine 

235 

121° 

164°       '         43 

CH3  C2H5  CH, 

Ethyl-4>-Cumidine        • 

2         3        5 

103 

145 

42 

CH,             CH, 

Para-xylidine       .        •        • 

1                 4 

116-5 

139 

22-5 

OCH,            CHa 

Oxymethyl-j;-xylidine  . 

1                4 

86 

109 

23 

CH3    CH,  CHn 

Cumidine     .... 

1         2        4 

98         |       126 

28 

OCH,  CH3    CEI, 

1 

Oxymethyl  Cumidine  . 

1         2        4 

68         |         96 

28 

1  The  constitution  is  expressed  as  in  parts  I.  and  II,  on  the  plan 

4  5 

<8  ^  NHCHO 

\  «*  i  ^ 
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The  tetra-inethyl  bases  exhibit  some  other  peculiarities.  As  far  as  the 
melting-points  of  their  formyl  and  acetyl  derivatives  are  indications,  they  would 
appear  to  be  composed  of  two  xylidines  less  the  melting-point  of  formo-anilide 
(40°). 

Thus: 


1. 


Formyl 
derivative 


Formyl 
derivative 


NITCIIO 

,W  X\n 


NHCIJO 


NHCHO 


CH 


OH, 


3    composed  of  /      N  CH3     CII3j/    > 


[104°'5] 
104-5 +  104-5 -46-163°. 


[104°-5] 


2.  NHCHO  NHCHO         NHCH 

PR  .<     \( 


C1I.,  composed  of  CHa 
CH, 


CH3 


M.P.  [18,'i0] 


[164°J 


I       1 


4          1 


OH, 


CH, 


Formyl 
derivative 


NHCHO  WHO 

s\  /\ 

ii       1  ^^a    compos(kd  of  /J 
CH,L      J  CH, 

V 

en, 

M,F.  [144°] 

113-5  +  76-5-46-144. 


[76-5] 


The  foregoing  art*  merely  a  few  examples.     A  much  more  extended  list  and 
an  attempt  at  a  discussion  of  these  relations  we  hope  to  give  shortly. 


7.   The  Existence  of  Certain  Semicarbazides  in  mare  than  one  Modification. 
By  GEORGE  YOUNG,  Ph.D. 

In  1887   Michaelis  and  Schmidt  made  benzoylphenyisemicarbazide  by  the 
addition  of  cyanic  acid  to  as-benzoylphenylhydrazine 

CtfII5.N.NIIa  +  HCNO  -  CA.N.NH.CO.NH, 
C0.00H5  CO.CflH5 

and  found  the  product  to  melt  at  202-203°.    Six  years  later  (1803)  Widman 
obtained  benzoylphenyisemicarbazide  by  boiling  phenylsernicarbazide,  suspended 
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in  benzene,  with  benzoic  chloride,  but  found  the  melting-point  of  the  product  to 
be  210-211°. 

C0H5,NH.NH.CO.NH,  +  OtfH5.C001  =  C0H:>,N(OOC(5H5).NII.CO.NIIa  +  HOL 

Widman  then  repeated  the  preparation,  making  use  of  the  Michaelis-Schmidt 
method,  and  again  obtained  a  product  melting  at  210-211°.  From  this  it  might 
have  been  inferred  that  the  lower  melting-point  obtained  by  Michaelis  and 
Schmidt  was  probably  due  to  insufficient  purification. 

Towards  the  end  of  1896  I  had  occasion  to  prepare  ben/oylphenylsemicarb- 
azide,  and  made  use  of  Widman's  method.  The  product  obtained  melted  at 
202-203°,  and  the  melting-point  was  not  altered  by  repeated  recrystallisations.  I 
had  thus  obtained  the  Michaelis- Schmidt  product  by  means  of  Widinan's  method 
of  preparation,  and  at  the  same  time  confirmed  the  Michaelis-Schrnidt  melting- 
point.  These  results  having  been  published  in  the  '  Transactions  of  the  Chemical 
Society/  Dr.  "Widman  kindly  sent  to  me  a  sample  of  his  benzoylphenylsemi- 
carbazide, which  I  found  by  my  thermometer  to  melt  at  210-212  ,  so  that  the 
thermometers  were  not  to  blama  for  the  discrepancy. 

A  comparison  of  the  two  substances  showed  that  the  one  which  melted  at 
202-203°  was  distinctly  more  soluble  than  the  higher  melting  one  in  the 
ordinary  solvents,  such  as  benzene,  ether,  alcohol,  or  water. 

The  first  interesting  observation  was  that  on  boiling  a  small  quantity  of 
Widman's  substance  with  jvater:  it  went  into  solution  very  slowly,  and  on 
cooling  separated  in  crystals,  which  melted  at  about  200°,  and,  after  recrvstallisa- 
tion  from  dilute  alcohol,  at  202-203°. 

The  Widman  form  of  benzoylphenylsemicarbazide  had  been  transformed  into 
the  Michaelis-Schmidt  form. 

The  reverse  transformation  was  not  so  easy,  partly  because  it  takes  place,  even 
under  the  best  conditions,  very  slowly ;  partly  because  it  leads  under  varying 
conditions,  not  only  to  Widman's  benzoylphenylseinicarbazid**,  but  also  to  a  third 
modification. 

This  third  form  of  benzoylphenylsemicarbazide  melts  at  205-200°.  It  is 
produced  from  the  lowest  melting  form  by  boiling  with  benzene  in  a  reflux 
apparatus  on  the  water-bath.  The  change  took  place  with  2g.  substance  in 
about  fifteen  hours,  and  further  similar  treatment  was  without  effect . 

This  benzoylphenylsemicarbazide,  which  melts  at  205-206°,  can  be  re- 
crystallised  unaltered  from  benzene,  ethylic  acetate,  acetone,  or  alcohol.  Boiling 
water  and,  more  slowly,  dilute  alcohol  convert  it  into  the  lowest  melting  form. 

If  the  Michaelis-Schmidt  product  be  boiled  with  benzene  in  a  reflux  apparatus 
on  a  sand-tray,  instead  of  on  a  water-bath,  the  result  is  different.  The  change, 
here  again,  is  slow.  After  some  fifteen  hours'  boiling  the  product  softens  at 
about  205°,  and  is  completely  melted  at  210°.  Further  boiling  is  without  effect. 
This  product  can  be  separated,  by  washing  with  cold  ethylic  acetate,  into 
Widman's  benzoylphenylsemicarbazide,  which  remains  undissolved,  and  the 
third  modification  which  dissolves  in  the  ester. 

By  this  method  of  boiling  with  benzene  on  a  sand-tray  the  form  melting  nt 
205-206°  can  be  converted  partially,  but  ne^er  completely,  into  Widman's 
modification. 

The  process  of  lowering  the  melting-point  from  211-212°  to  205-206°  is  best 
carried  out  by  boiling  with  acetone. 

The  difference  in  effect  produced  by  exchanging  the  water-bath  for  a  sand-tray 
in  boiling  with  benzene  suggested  what  is  probably  the  reason  why,  although 
making  use  of  apparently  exactly  the  same  method  as  Dr.  Widman  in  preparing 
the  benzoylphenylflemicarbazide,  I  obtained,  not  his  product,  but  that  of  Michaelis 
and  Schmidt. 

In  the  preparation  phenyleemicarbazide  and  benzoic  chloride  are  boiled  in 
benzene  in  a  reflux  apparatus.  I  had  carried  out  the  boiling  on  a  water-bath,  and 
obtained  benzoylphenylsemicarbazide  of  melting-point  202-203°,  mixed,  as  was 
found  later,  with  a  small  quantity  of  the  form  which  melts  at  205-206°.  On 
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repeating  the  preparation  in  exactly  the  same  manner,  with  the  exception  that 
the  water-bath  was  replaced  by* a  sand- tray,  I  obtained  Widman's  results, 

These  three  modifications  of  benzoylphenylsemicarbazide  are  not  only  different 
in  regard  to  their  melting-points  and  solubilities  in  various  solvents,  but  they  can 
be  distinguished  from  one  another  by  their  appearance  under  the  microscope. 

That  one  of  them  is  not  simply  a  mixture  of  the  other  two  is  shown  by  the 
fact  that  when  any  two  are  ground  together  in  a  mortar  the  melting-point  of  the 
mixture  is  no  longer  sharp,  and  the  two  modifications  can  be  separated  again  by 
the  use  of  a  suitable  solvent.  A  mixture  of  equal  parts  of  the  modifications 
melting  at  205-200°  and  211-212°  began  to  soften  at  204°  and  finished  melting  at 
201)°  ;  the  whole  of  the  lower  melting  modification  could  be  removed  by  washing 
with  cold  ethylic  acetate. 

A  mixture  of  equal  parts  of  the  modifications  melting  at  202-203°  and 
211-212°  began  to  shrink  at  about  200°  and  was  not  entirely  melted  until  208°. 
The  lower  melting  substance  could  be  removed  by  washing  with  warm  benzene. 

The  property  of  existing  in  three  such  modifications  is  not  confined  to  benzoyl- 
phenylaemicarbazide.  I  have  obtained  by  similar  means,  that  is,  the  action  of 
various  solvents  at  different  temperatures,  three  modifications  of  phenylsemicarbazide, 
the  ordinary  form  melting  at  172°,  which  iu  its  properties  corresponds  with  the 
Michaelis-Schmidt  benzoyl  derivative,  and  two  lower  melting  forms  melting  at 
164°  and  151°,  of  which  the  one  which  melts  at  101"'  corresponds  in  its  insolubility 
and  its  stability  in  benzene  with  "VVidman's  benzoylphenylsemicarbazide. 

o-Toiylsemicarbazide,  p-tolylsemicarbazide,  and  "  benzoyl-p-tolylsemicarb- 
azide  have  each  been  found  capable  of  existence  in  three  modifications,  and 
from  indications  obtained  with  other  somicarbazides  it  seems  probable  this  would 
be  the  case  with  all  those  of  the  general  form  R.R'.NJ1.NH.CO.NH2  where 
R  is  a  benzenoid  radical  and  R'  is  hydrogen  or  benzoyl. 

As  to  the  relational'  these  modifications  to  each  other,  the  semicarbazides  in 
question  may  be  trimorphoue,  or  we  may  have  to  deal  with  some  form  of  stereo- 
isomerism.  Unfortunately,  although  we  have  tried  n  number  of  reactions,  we 
have  not  been  able  as  yet  to  iind  one  which  showed  a  difference  in  the  chemical 
behaviour  of  the  three  modifications,  and  we  might  therefore  accept  the  theory  of 
trimorpbism  were  it  not  for  two  facts. 

The  first  is  that  it  is  possible  to  recrystallise  two  and  sometimes  all  three 
modifications  from  the  same  .solvent,  and  even  iu  presence  of  one  another,  without 
conversion  of  one  into  another.  That  seems  to  me  to  dispose  of  trimorphism. 

The  second  fact  is  that  with  certain  semicarbazides,  diphenylseiuicarbazide 
(C,1H%),N.II.CO.NH.,  hydrazodicavbaiuide  NHa.CO.NH.NIl.(UNHa,  and  benzal- 
semicarbazone  CrtH<vCH.N.NH.CO.NII.,,  I  have  been  unable  to  obtain  even  a 
suggestion  of  a  second  form. 

That  seems  to  point  to  the  property  of  existing  in  these  different  forms  being 
dependent  on  the  nature  of  the  groups  in  position  1. 

NII,.NII.CO.NHr 

(1)     (2i    (a)     (4) 

At  present,  however,  we  have  not  sufficient  evidence  on  which  to  base  any 
theoretical  explanation. 


8.  Iteport  on  Isomeric  Naphthalwe  Derivatives. — See  Reports,  p.  152. 


9.  Report  on  Isomorphons  Derivatives  of  Benzene. — See  Reports,  p.  78. 
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TUESDAY,  SEPTEMBER  17. 

The  following  Papers  and  Reports  wen*  read: — 

1.   Some  Points  in   Chemical  Education.     By  JGJI   SAKURAI,   LL.D^ 
Professor  of  Chemistry  in  the  Imperial  University  of  Tokyo,  Japan. 

The  marvellous  and  wonderfully  rapid  progress  which  chemistry  has  made  within 
the  last  fifteen  years  is  characterised  by  the  fact  that  not  only  experimental  means 
of  investigation  have  been  extended,  enriched,  and  made  accurate,  out  also  a  number 
of  comprehensive  and  fertile  ide-»s  have  been  developed  one  after  another,  and 
deductive  methods  of  inquiry  made  possible  and  found  to  be  exceptionally 
fruitful ;  chemistry  has,  in  fact,  thrown  off  much  of  its  empirical  character,  and 
established  itself  to  be  a  truly  rational  science.  The  educational  value,  which  it 
has  thus  acquired,  is  enormous,  a  student  of  modern  chemistry  having  ample  oppor- 
tunities of  cultivating-  the  power  of  observation  and  the  faculty  of  reasoning  at  the 
same  time — a  two-sided  advantage  which  is  possessed  neither  by  an  essentially 
deacriptive  science  nor  by  an  essentially  abstract  science. 

'The  teaching  of  chemistry  from  the  point  of  view  attained  by  the  recent, 
development  is  not  only  important  for  those  who  would  become  pure  chemists,  but 
also  for  those  who  would  have  to  apply  the  knowledge  of  that  science  in  special 
directions,  such  as  physiology  and  chemical  technology,  inasmuch  as  its  con- 
ceptions are  exceedingly  comprehensive  and  fertile,  their  applications  in  these 
directions  having  already  led  to  some  important  practical  results.  It  is  also  no 
less-  important  lor  the  education  of  boys  in  secondary  schools,  as  it  puts  the 
fundamental  facts  of  chemistry  in  a  clear*,  intelligent,  and  rational  form,  supplying 
requisite  food  for  the  healthy  development  of  their  brain. 

Notwithstanding  these  evident  and  exceptional  advantages  which  the  teaching 
of  modern  chemistry  affords,  it  is  still  taught,  to  a  great  extent,  in  the  same  dry 
and  merely  descriptive  way  as  in  old  days,  explanations  which  are  in  direct 
opposition  to*well-established  facts  being,  moreover,  not  unfrequently  given ;  and 
for  the  interest  of  our  science  and  profession  this  state  of  things  should  be  speedily 
remedied. 

One  of  the  remedies  would  be  to  remove  certain  misconceptions  which  seem  to 
prevail  pretty  freely.  Now  the  name  '  physical  chemistry/  which  has  come  into 
general  use,  has  apparently  given  to  many  an  idea  that  it  is  a  special  branch  of 
chemistry,  whilst,  in  fact,  it  pervades  the  whole  domain  of  our  science  and  treats 
of  specially  important  and  fundamental  chemical  questions.  Exclusive  use  of  the 
name  'general  chemistry,'  in  its  stead,  would  have  the  effect  of  removing  this 
misconception  and  of  accelerating  a  more  free  introduction  of  modern  views  into 
the  teaching  of  chemistry.  Another  misconception,  which  seems  to  have 
crept  into  the  minds  of  many,  relates  to  the  use  of  mathematics,  It  is  often 
stated  that,  as  the  treatment  of  general  chemistry  requires  higher  mathematics, 
it  is  neither  possible  nor  desirable  to  introduce  it  into  elementary  teaching,  but  in 
this  opinion  there  is  a  confusion  of  ideas.  It  is  true  that,  for  a  detailed  study  and 
cultivation  of  general  chemistry,  a  fair  knowledge  of  higher  mathematics  is  both 
desirable  and  necessary.  This  fact  should,  indeed,  be  clearly  and  generally 
recognised,  and  students  of  chemistry  should  be  encouraged  to  acquire  this 
knowledge.  But  the  teachings  of  general  chemistry  can  be  introduced  into 
elementary  text-books  without  any  mathematics,  and  yet  in  a  concise,  useful,  and 
interesting  form ;  moreover,  simple  and  appropriate  lecture  experiments,  illus- 
trating the  laws  of  chemical  dynamics,  the  theory  of  solutions,  &c.,  can  be  easily 
contrived. 

A  very  effective  remedy  would  be  to  diffuse  the  knowledge  of,  and  to  increase 
the  interest  in,  modern  views  among  the  teachers  in  secondary  schools.  For  this 
purpose  courses  of  lectures,  in  which  general  chemistry  is  amalgamated  with 
descriptive  matter,  should  be  given  to  them,  say  during  summer  vacations ;  also 
writing  of  elementary  text-books  on  the  same  plan  should  be  encouraged. 

The  objection,  which  might  be  raised,  that  the  attempt  to  give  a  fair  training 
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in  general  chemistry  over  and  beyond  what  it  has  been  customary  to  teach  takea 
too  much  time  is  met  by  the  consideration  of  the  fact  that  some  portion  of  the 
descriptive  matter  usually  given  in  lectures  may  be  cut  off',  not  with  inconvenience, 
but  rather  with  advantage,  inasmuch  as  in  the  class-room  the  attention  of 
students  should  be  more  directed  to  points  of  general  interest  and  importance, 
whilst  the  time  usually  devoted  to  analytical  work  in  the  laboratory  may  also  be 
conveniently  shortened,  what  the  student  should  learn  from  it  being  rather 
principles  and  methods  of  analysis  than  mere  practical  skill. 

2.  On  the  Detection  and  Estimation  of  Arsenic  in  Beer  and  Article* 
of  Food.     By  W.  THOMSON,  F.R.S.E. 


3.   On  tltv  Nomenclature  of  the  Ions. 
By  Professor  JAMES  WALKKR,  F.R.8. 


4.  On  the  Equilibrium  Law  as  applied  to  tialt  Reparation  and  to  the 
Formation  of  Oceanic  Salt  Deposits.  P>ij  Dr.  E.  FRANKLAND  ARM- 
STRONG.— See  Reports,  p.  261?. 

5.  Report  on  the  Bibliography  of  Spectroscoj)y. — See  Reports,  p.  155. 


WEDNESDAY,  SEPTEMBER  18. 
The  following  Papers  were  read  :  — 

1.   The  Electrolytic  Conductivity  of  Halogen  Acid  Solutions. 
By  Dr.  J.  GIBSON. 

1'.   On  thf  Flattie  Coloration  and  Spectrum  of  Nickel  Compounds. 
Hy  P.  J.  HARTOG. 

It  wao  shown  that  when  nickel  acetate  is  brought  into  a  Burden  Hame  together 
with  hydrochloric  acid  two  kinds  of  coloration  may  be  produced:  (1)  a  temporary 
purple  coloration  which  flashes  out  and  disappeats;  (2)  a  more  permanent  deep- 
red  coloration.  The  temporary  coloration  is  so  evanescent  that  the  spectrum  of 
bright  lines  to  which  it  gives  rise  could  not  be  mapped  by  the  eve.  It  is  hoped 
to  record  it  photographically.  The  deep-red  coloration  gives  with  a  single  prism 
spectroscope  two  bands — a  red  band,  extending  from  wave  length  (>292  to  0126, 
and  a  green  band,  extending  from  5328  to  52i)0.  It  was  shown  by  spraying  a 
10  per  cent,  solution  of  nickel  acetate  into  a  Sniithells  separator  that  the  colora- 
tion is  produced  in  the  inner  cone.  The  solution  must  be  either  mixed  with 
hydrochloric  acid  or  chloroform  vapour  must  be  introduced  into  the  flame  in  the 
manner  used  by  Smithells  in  his  researches  on  flame  coloration.  Nickel  chloride 
introduced  into  the  flame  gives  only  a  slight  red  coloration.  Cobalt  acetate  was 
found  to  yield  no  flame  coloration. 

The  theory  of  flame  coloration  is  still  obscure,  despite  the  researches  of 
Pringsheim  and  Smithells ;  but  these  experiments  lend  support  to  the  view  that 
chemical  action  is  necessary  for  the  production  of  colour  in  the  flame.  It  was 
pointed  out  that  in  the  case  of  manganese  the  flame  coloration  (green)  said  to  bo 
*  sometimes*  produced  can  always  be  produced  with  the  acetate. 

1901.  s  s 
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3.  The  Methods  of  Determining  the  Hydrolytic  Dissociation  of  Salts, 
By  Dr.  R.  C.  FARMER. — See  Reports,  p.  240. 


4.  The  Influence  of  Solvents  on  the  Rotation  of  Optically  Active 
Convpounds.     By  Dr.  T,  S.  PATTERSON. 
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SECTION  C. —GEOLOGY. 

OF  THE   SECTION— JOHN   IIORNE,  F.ll.S.,    F.U.S.E.,    F.G.S. 


THURSDAY,  SEPTEMBER  11. 

The  President  delivered  the  following  Address  : — 

Jl<>ct>iit  Adcances  in  Scottish  Geology. 

A  quarter  of  a  century  has  elapsed  since  the  British  Association  met  in  this 
great  industrial  centre,  when  Professor  Young,  in  his  presidential  address  to  this 
Section,  pointed  out  some  of  the  difficulties  which,  as  a  teacher,  he  experienced  in 
summarising  the  principles  of  geology  for  his  students,  At  that  meeting,  also,  the 
late  Duke  of  Argyll,  whose  interest  in  geological  questions  never  faded,  gave  an. 
address  'On  the  'Physical  Structure  of  the  Highlands  in  connection  with  their 
Geological  History.'  The  return  of  the  Association  to  the  second  city  of  the 
empire,  which  since  1S76  has  undergone  remarkable  development,  due  in  no  small 
measure  to  the  mineral  wealth  of  the  surrounding  district,  suggests  the  question, 
Has  Scottish  geology  made  important  advances  during  this  interval  of  time? 
Have  we  now  more  definite  knowledge  of  the  geological  systems  represented  in 
Scotland,  of  their  structural  relations,  of  the  principles  of  mountain-building,  of 
the  zonal  distribution  of  organic  remains,  of  the  volcanic,  plutonic,  and  ineta- 
morphic  rocks  so  largely  developed  within  its  borders?  It  is  true  that  many 
problems  still  await  solution,  but  anyone  acquainted  with  the  history  of  geological 
research  must  answer  these  questions  without  hesitation  in  the  affirmative.  In 
the  three  groat  divisions  of  geological  investigation — in  strutigraphical  geology,  in 
paleontology,  in  petrology — the  progress  has  indeed  been  remarkable.  The  details 
of  these  researches  a  re  doubtless  familiar  to  many  who  have  token  an  active  share 
in  the  work,  but  it  may  serve  a  useful  purpose,  and  perhaps  )>e  helpful  as  a  land- 
mark to  give  now  an  outline  of  some  of  the  permanent  advances  in  the  solid 
geology  of  Scotland  during  the  last  quarter  of  a  century. 

The  belt,  of  Archa-an  gneisses  and  sehi.sts,  which  may  be  said  to  form  the 
foundation  stones  of  Scotland,  have  been  mapped  in  groat  detail  by  the  Geological 
Survey  since  18So  along  the  western  part-  of  the  mainland  in  the  counties  of 
Sutherland  and  Ross.  In  that  region  they  occupy  a  well-defined  position,  being 
demonstrably  older  than  the  great  sedimentary  formation  of  Torndon  Sandstone 
and  overlying  Cambrian  stnita.  The  mapping  of  this  belt  by  the  survey  staff  and 
the  detailed  study  of  the  rocks  both  in  the  field  and  with  the  microscope  by  Mr. 
Teall  have  revealed  the  complexity  of  the  structural  relations  of  these  crystalline 
masses,  and  have  likewise  thrown  considerable  light  on  their  history.  These 
researclies  indicate  that,  in  the  North-west  Highlands,  the  Lewisian  (Arcluean) 
gneiss  may  be  resolved  into  (1)  a  fundamental  complex,  composed  mainly  of 
gneisses  that  have  affinities  with  plutonic  igneous  products,  and  to  a  limited  extent 
of  crystalline  schists  which  may  without  doubt  be  regarded  as  of  sedimentary 
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origin  ;  (2)  a  great  series  of  igneous  rocks  intrusive  in  the  fundamental  complex  in 
the  form  of  dykes  and  sills.1 

The  rocks  of  the  fundamental  complex  which  have  affinities  with  plutonic 
igneous  products  occupy  the  greater  part  of  the  tract  between  Cape  Wrath  and 
Skye.  Mr.  Teall  has  shown  that  they  are  essentially  composed  of  minerals  that 
enter  into  the  composition  of  peridotites,  gabbros,  diorites,  and  granites ;  as,  for 
example,  olivine,  hypersthene,  augite  (including  di all  age),  hornblende,  biotite, 
plagioclase,  orthoclase,  microcline,  and  quartz.  In  1894  he  advanced  a  classifica- 
tion of  these  rocks,  based  mainly  on  their  mineralogical  composition  and  partly 
on  their  structure,  which  has  the  great  merit  of  being  clear,  comprehensive,  and 
independent  of  theoretical  views  as  to  the  history  of  the  rock  masses.  Stated 
broadly,  the  principle  forming  the  basis  of  classification  of  three  of  the  groups  is 
the  nature  of  the  dominant  ferro-magnesian  constituent,  viz.,  pyroxene,  horn- 
blende, or  biotite,  while  the  members  of  the  fourth  group  are  composed  of  ferro- 
magnesian  minerals  without  felspar  or  quartz  -  The  detailed  mapping  of  the 
region  has  shown  that  these  rock-groups  have  a  more  or  less  definite  geographical 
distribution.  Hence  the  belt  of  Lewisian  gneiss  has  been  divided  into  three  dis- 
tricts; the  first  extending  from  Cape  Wrath  to  Loch  Laxford  ;  the  second,  from 
near  Scourie  to  beyond  Lochinver,  and  the  third  from  Gruinard  Bay  to  the  island 
of  Raasay.  In  the  central  area  (Scourie  to  Lochinver)  pyroxene  gneisses  and 
ultrabasic  rocks  (pyroxenites  and  hornblendites)  are  specially  developed,  while  the 
granular  hornblende  rocks  (hornblende  gneies  proper)  and  the  biolite  gneisses  are 
characteristic  of  the  northern  and  southern  tracts.  These  are  the  facts,  whatever 
theory  he  adopted  to  explain  them. 

In  those  areas  where  the  original  structures  of  the  Lewisian  gneiss  have  not 
been  effaced  by  later  mechanical  stresses  it  is  possible  to  trace  knots,  bauds,  and 
lenticles  of  un foliated,  ultrabasic,  and  basic  rocks  to  note  the  imperfect  separation 
of  the  ferro-magnesian  from  the  quartzo-felspathic  constituents,  to  observe  the 


gradual  development  of  mineral  banding  and   the  net-like  ramification  of  acid 
veins  in  the  massive  gneisses.     Many  of  these  rocks  cannot  be  appropriately 
described  as  gneiss.     Indeed,  Mr.  Teall  has  called  attention  to  the 
between  these  structures  and  those  of  plutonic  masses  of  younger  da 
In  the  Report  on  Survey  Work  in  the  North-west  Highlands 
1888,  the  parallel  banding,  or  first  foliation,  as  it  was  then  termed,  of 
gneisses  was  ascribed   to  mechanical  movement.3     But  the   paper 


described  as  gneiss.  Indeed,  Mr.  Teall  has  called  attention  to  the  close  analogy 
between  these  structures  and  those  of  plutonic  masses  of  younger  date. 

In  the  Report  on  Survey  Work  in  the  North-west  Highlands,  published  in 

of  these  original 
-per   on  '  Banded 

Structure  of  Tertiary  Gabbros  in  Skye,'  by  Sir  A.  Geikie  and  Mr.  Teall,1  throws 
fresh  light  on  this  question.  In  that  region  the  gabbro  displays  the  alternation  of 
acid  and  basic  folia,  the  crumpling  and  folding  of  the  bands  like  the  massive 
gneisses  of  the  Lewisian  complex.  Obviously  in  the  Skye  gabbro  tin*  structures 
cannot  be  due  to  subsequent  earth  movements  and  deformation.  The  authors 
maintain  that  they  are  original  structures  of  the  molten  magma,  and,  consequently, 
that  much  of  the  mineral  banding  of  the  Lewisian  gneisses,  as  distinguished  from 
foliation,  may  be  due  to  the  conditions  under  which  the  igneous  magma  was 
erupted  and  consolidated.  Whatever  theory  be  adopted  to  explain  the  original 
mineral  banding  of  the  Lewisian  gneisses,  it  is  certain  that  they  possessed  this 
banding,  and  were  thrown  into  gentle  folds  before  the  uprise  of  the  later  intrusive 


The  crystalline  schists  that  have  affinities  with  rocks  of  sedimentary 
origin  occupv  limited  areas  north  of  Loch  Maree  and  near  Gairloch.  The  pro- 
minent members  of  this  series  are  quartz  schists,  mica  schists,  graphitic  schists, 

1  Report  on  the  Recent  Work  of  the  Geological  Survey  in  the  North-west  High- 
lands of  Scotland  based  on  the  Field-notes  and  Maps  of  Messrs.  B.  N.  Peach, 
J.  Home,  W.  Gunn,  C.  T.  Clough,  L.  W.  Hinxman,  and  H.  M.  Cadell,  Quart.  Journ. 
Gool.  Soc.t  vol.  xliv.  p.  387  ;  and  Annual  Report  of  the  Geological  Surrey  for  1894, 
p.  280,  and  1895,  p.  17. 

a  Annual  Report  of  the  Geological  Survtfy  for  1894,  p.  280. 

1  Quart.  Journ.  Qeol  800.,  vol.  xliv.  p.  400. 

*  ll>id.>  vol.  1.  p.  645. 
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limestones  and  dolomites  with  tremolite,  garnet  and  epldote.1    They  are  there 

associated  with  a  massive  sill  of  epidiorite  and  hornblende  schist.  The  relations 
which  these  altered  sediments  bear  to  the  gneisses  that  have  aih'nities  with 
plutonic  igneous  products  have  not  been  satisfactorily  determined.  But  the 
detailed  mapping  has  proved  that  north  of  Loch  Maree  they  rest  ou  a  platform  of 
Lewisian  gneiss,  and  are  visibly  overlain  by  gneiss  with  basic  dykes  (Meall 
Riabhach),  and  that  both  the  gneiss  complex  and  altered  sediments  have  been 
affected  by  a  common  system  of  folds.  In  the  field,  bands  of  my  Ionised  rock  have 
been  traced  near  the  base  of  the  overlying  cake  of  gneiss,  and  the  microscopic 
examination  of  the  latter  by  Mr.  Teall  has  revealed  cataclastic  structures  due  to 
dynamic  movement.  It.  is  obvious,  therefore,  that,  whatever  may  have  been  the 
original  relations  of  the  altered  sediments  to  the  gneiss  complex,  these  have  been 
obscured  by  subsequent  earth-stresses. 

The  great  series  of  later  igneous  rocks  which  pierce  the  fundamental  complex 
in  the  form  of  dykes  and  sills  is  one  of  the  remarkable  features  in  the  history  of 
the  Lewisian  gneiss.  In  181)5  Mr.  Teall  advanced  a  classification  of  them,-  but 
his  recent  researches  show  that  they  are  of  a  much  more  varied  character.  For 
our  present  purpose  we  may  omit  the  dykes  of  peculiar  composition  and  refer  to 
the  dominant  types.  These  comprise:  (1)  ultrabasic  rocks  (peridotite),  (2)  basic 
(dolerite  and  epidiorite),  and  (3)  acid  (granite  and  pegmatite).  The  evidence  in 
the  field  points  to  the  conclusion  that  the  ultrabasic  rocks  cut  the  basic,  and  that 
the  granite  dykes  were  intruded  into  the  gneistes  after  the  eruption  of  the  basic 
dykes.  The  greater  ru.mber  of  these  dykes  consists  of  basic  materials.  It  is 
important  to  note  that  the  basic  rocks  best  preserve  their  normal  dyke-like 
features  m  the  central  tract  between  Scourie  and  Lochinver,  where  they  traverse 
the  pyroxene  gneisses.  But  southwards  and  northwards  of  that  tract,  in  districts 
where  they  have  been  subjected  to  great  dynamic  movement,  they  appear  as 
bands  of  hornblende  schist,  which  are  difficult  to  separate  from  tbe  fundamental 
complex.  The  acid  intrusions  are  largely  developed  in  the  northern  tract  between 
Lnxtbrd  and  Durness;  indeed,  at  certain  localitie>  in  that  region  the  massive  and 
foliated  granite  and  pegmatite  are  as  conspicuous  as  the  biotite  gneisses  and  horn- 
blende gneisses  with  which  they  are  associated. 

After  the  eruption  of  the  various  intrusive  dykes  the  whole  area  was 
subjected  to  enormous  terrestrial  stresses  which  profoundly  affected  the  funda- 
mental complex  and  the  dykes  which  traverse  it.  These  lines  of  movement 
traverse  the  Levviaian  plateau  in  various  directions,  producing  planes  of  disruption, 
molecular  rearrangement  of  the  minerals  and  the  development  of  foliation.  It 
seems  to  be  a  general  law  that  the  new  planes  of  foliation  both  in  the  gneiss  and 
dykes  are  more  or  less  parallel  with  the  planes  of  movement  or  disruption.  If 
the  latter  be  vertical  or  nearly  horizontal  the  inclination  of  the  foliation  planes  is 
found  to  vary  accordingly. 

Close  to"  the  well-defined  di.^ruption-plaue?,  like  those  between  Scourie  and 
Kylesku,  the  gneiss  loses  its  low  angle,  is  thrown  into  sharp  folds,  the  axes  of 
which  are  parallel  with  the  planes  of  movement.  The  folia  are  attenuated,  there 
is  a  molecular  rearrangement  of  the  minerals,  and  the  resultant  rock  is  a  granulitic 
gneiss.  Indeed,  the  evidence  in  the  field,  which  has  been  confirmed  by  the  micro- 
scopic examination  of  the  rocks  by  Mr.  Teall,  seems  to  show  that  granulitic  biotite 
and  hornblende  gneisses  are  characteristic  of  the  zones  of  secondary  shear.  A 
further  result  of  these  earth-stresses  is  the  plication  of  the  original  gneisses  in 
sharp  folds,  trending  N.AV.  and  S.E.  and  E.  and  W. ;  and  the  partial  or  complete 
recrvstallisation  of  the  rocks  along  the  old  planes  of  mineral  banding. 

In  like  manner,  when  the  basic  dykes  are  obliquely  traversed  by  lines  of 
disruption,  they  are  deflected,  attenuated,  and  within  the  shear  zones  appear 
frequently  as  phacoidal  masses  amid  the  reconstructed  gneiss.  These  phenomena 
are  accompanied  by  the  recrystallisation  of  the  rock  and  its  metamorphosis  into 
hornblende  schist.  Similar  results  are  observable  when  the  lines  of  movement 

1  Annual  Report  of  the  Geological  Surrey  for  1895,  p.  17. 
*  Ibid.,  p.  18. 
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are  parallel  with  the  course  of  the.  dykes.  All  the  stages  of  change  from  the 
massive  to  the  schistose  rock  can  be  traced — the  replacement  of  pyroxene  by 
hornblende,  the  conversion  of  the  felspar  and  the  development  of  granulitic 
structure  with  foliation.  Here  we  have  an  example  of  the  phenomena  developed 
on  a  larger  scale  by  the  post-Cambrian  movements,  viz.,  the  production  of  common 
planes  of  echistosity  in  rocks  separated  by  a  vast  interval  of  time,  quite  irrespec- 
tive of  their  original  relations.  For  both  gneiss  and  dykes  have  common  planes 
of  foliation,  resulting  from  earth-stresses  in  pre-Torridoniau  time. 

It  is  important  to  note  also  that  linear  foliation  is  developed  in  the  basic  dykes 
where  there  has  been  differential  movement  of  tho  constituents  in  folded  areas.  In 
the  case  of  the  anticline  mapped  by  Mr.  dough,  near  Poolewe  in  Ross-shire,  he 
has  shown  that  the  linear  foliation  is  parallel  with  the  pitch  of  the  folds,  All 
these  phenomena  tend  to  confirm  the  conclusions  arrived  at  by  Mr.  Teall,  and  pub- 
lished in  his  well-known  paper  'On  the  Metamorphosis  of  Dolerite  into  Hornblende 
Schist/  1 

The  ultrabasie  and  acid  rocks  likewise  occur  in  the  schistose  form,  for  the 
peridotites  pass  into  talcose  schists  and  the  granite  becomes  gneissose. 

In  connection  with  the  development  of  schistosity  in  these  later  intrusive  rocks 
it  is  interesting  to  observe  that  where  the  basic  dykes  merge  completely  into  horn- 
blende schist,  and  seem  to  become  an  integral  part  of  the  fundamental  complex, 
biotite  gneisses  and  granular  hornblende  gneisses  prevail.  Whatever  be  the 
explanation,  the  relationship  is  suggestive. 

The  unconforniabiliiy  between  the  Lewisian  gneiss  and  the  overlying  Torridon 
Sandstone,  which  was  noted  by  Macculloch  and  confirmed  by  later  observers,  must 
represent  a  vast  lapse  of  time.  When  tracing  this  base-line  southwards  through  the 
counties  of  Sutherland  and  Ross,  striking  evidence  was  obtained  by  the  Geological 
Survey  of  the  denudation  of  that  old  land  surface.  In  the  mountainous  region 
between  Loch  Maree  and  Loch  Broom  it  has  been  carved  into  a  series  of  deep 
narrow  valleys  with  mountains  rising  to  a  height  of  2,(XX)  feet.  In  that  region  it 
is  possible  to  trace  the  orientation  of  that  buried  mountain  chain  and  the  direction 
of  some  of  the  old  ri^er  courses.  This  remnant  of  Arcluean  topography  must  be 
regarded  as  one  of  the  remarkable  features  of  that  interesting  region. 

In  1893  the  various  divisions  of  the  Torridon  Sandstone,  as  developed  between 
Cape  Wrath  and  Skye,  were  tabulated  by  the  Geological  Survey,  winch  may  here 
be  briefly  summarised.  They  form  three  groups  :  a  lower,  composed  of  ejwlotic 
grits  and  conglomerates,  dark  and  grey  shales  with  calcareous  bands,  red  sand- 
stones, and  grits ;  a  middle,  consisting  of  a  great  succession  of  false-bedded  grits 
and  sandstones;  an  upper,  comprising  chocolate-coloured  sandstones,  micaceous 
flags  with  dark  shales  and  calcareous  bands.  The  total  thickness  of  this  great  pile 
of  sedimentary  deposits  must  be  upwards  of  10,000  feet,  and  if  Mr.  ('lough's 
estimate  of  the  development  of  the  lower  group  in  Skye  bo  correct,  this  amount 
must  be  considerably  increased.  Of  special  interest  is  the  evidence  bearing  on  the 
stratigraphical  variation  of  the  Torridon  Sandstone  when  traced  southwards  across 
the  counties  of  Sutherland  and  Ross.  The  lower  group  is  not  represented  in  tho 
northern  area,  but  southwards,  in  Ross-shire,  it  appears,  and  between  Loch 
Maree  and  Sleat  varies  from  500  to  several  thousand  feet  in  thickness.  These 
divisions  of  the  Torridon  Sandstone  are  of  importance  in  view  of  the  correlation  of 
certain  sediments  in  Islay  with  the  middle  and  lower  Torridonitin  groups  which 
•  there  rest  unconformably  on  a  platform  of  Lewisian  gneiss. 

Tn  continuation  of  the  researches  of  Dr.  Hicks,  published  in  his  paper  (  On  Fre- 
Cambrian  Rocks  occurring  as  Fragments  in  the  Cambrian  Conglomerates  in  Britain,'2 
Mr.  Teall  has  specially  investigated  the  pebbles  found  in  the  Torridon  Sandstone. 
The  local  basement  breccias  of  that  formation  have  doubtless  been  derived  from  the 
platform  of  Lewisian  gneiss  on  which  they  rest,  but  the  pebbles  found  in  the  coarse 
arkose  tell  a  different  story.3  He  has  found  that  they  comprise  quartzites  showing 

1  Quart,  Journ.  Geol.  Soc.,  vol.  xli.  p.  133. 

*  Geol.  Mag.,  1890,  p.  616. 

1  Annual  Report  of  the  Geological  Survey  for  1895,  p.  20. 
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contact  alteration,  black  and  yellow  chorts,  jasperb  with  spherulitic  structures 
which  indicate  that  they  have  been  formed  t>y  the  silification  of  liparites  of  the 
'  Lea-rock '  type  and  sphernlitic  felsites  that  bear  a  striking  resemblance  to  those 
of  Uriconian  age  in  Shropshire.  These  interesting  relics  have  been  derived  from 
formations  which  do  not  now  occur  anywhere  in  the  western  part  of  the  countieiS 
of  Sutherland  and  Ross,  and  they  furnish  impressive  testimony  of  the  denudation 
of  the  Archiean  plateau  in  pre-Torridonian  time. 

These  Torridonian  sediments,  like  the  sandstones  of  younger  date,  contain  lines 
of  heavy  minerals,  such  as  magnetite,  ilmenite,  zircon,  and  rutile.1  The  dominant 
felspar  of  the  arkose  group  is  microcline,  that  of  the  basal  group  oli^orl.fi*.  In 
the  calcareous  sediments  of  the  upper  and  lower  groups  fossils  might  naturally  be 
expected,  but  the  search  so  far  has  not  been  very  successful.  Certain  phosphatic 
nodules  have  been  found  in  dark  micaceous  shales  of  the  upper  group  which  have 
been  examined  by  Mr.  Teall.  From  their  chemical  composition  these  nodules 
might  be  regarded  as  of  organic  origin  ;  but  he  has  found  that  they  contain 
spherical  cells  with  brown-coloured  fibres,  which  appear  to  be  debris  of  organisms.- 

Early  in  last  century  the  Torridonian  deposits  were  referred  by  Macculloch  s 
and  Hay  Cunningham4  to  the  'Primary  Red  Sandstone,'  and  by  Murchison,' 
Sedgwick,  and  Hugh  Miller  to  the  Old  Red  Sandstone.  The  structural  relations 
of  the  Torridon  Sandstone  to  the  overlying  series  of  quartzites  and  limestones 
were  first  clearly  shown  by  Professor  Nicol,1'  who  traced  the  unconformability 
that  separates  them  for  100  miles  across  the  counties  of  Sutherland  and  Ross. 
When  Salter  pointed  out  the  Silurian  facies  of  the  fossils  found  in  the  Durness 
limestone  by  Mr.  Charles  Peach,  the  Torridonian  formation  was  correlated  with 
the  Cambrian  rocks  of  Wales  by  Murcbison.7  The  discovery  of  the  Olcncllus 
fauna,  indicating  the  lowest  division  of  the  Cambrian  system,  in  the  quartzite- 
limeMtore  series  by  the  Geological  Survey  in  1891 h  demonstrated  the  pre-Cambrian 
nge  of  the  Torridon  Sandstone.  In  view  of  that  discovery,  which  proves  the 
great  antiquity  of  the  Torridoniau  sediments,  it  is  impossible  to  climb  those 
picturesque  mountains  in  Assy nt  or  Applecross  without  being  impressed  with 
the  unaltered  character  of  these  deposits.  Yet  it  can  be  shown  that  under  the 
influence  of  post-Cambrian  movement*  they  approach  the  type  of  crystalline 
schists. 

•Wore  proceeding  to  the  consideration  of  the  Durness  series  of  quartzites  and 
limestones  and  their  relation?-*  to  the  Kaatirn  Schists,  brief  reference  must  be 
made  to  the  controversy  between  Murchisou  and  Nicol  regarding  the  sequence  of 
the  strata. 

The  detailed  mapping  of  the  belt  between  Kriboll  and  Skye  by  the  Geological 
Survey  has  completely  confirmed  Nicol's  conclusions  (\)  that  the  limestone  is 
the  highest  member  of  the  Durness  series;  ("2}  that  the  so-called  'Upper  Quartzite' 
and  '  Upper  Limestone  '  of  Murehison's  sections  are  merely  the  repetition  of  the 
lower  quart/it e  and  limestone  due  to  faults  or  folds;  (3)  that  there  is  no  con- 
formable sequence  from  the  quartzites  and  limestones  into  the  overlying  schists 
and  gneiss:  (4)  that  the  line  of  junction  is  a  line  of  fault  indicated  by  proofs  of 
fracture  and  contortion  of  the  strata.  It  is  true  that  in  the  course  of  liis  investi- 
gations Nk-ol's  views  underwent  a  process  of  evolution,  and  that  even  in  the  form 
in  which  he  ultimately  presented  them  he  did  not  grasp  the  whole  truth.  \Vo 
now  know  that  he  was  in  error  when  he  regarded  portions  of  the  Archaean  gneiss, 

1  Annual  Keport  of  the  (feolngieal  Suwy  for  1N03,  p.  203. 

2  Hid.,  1800,  p.  185. 

3  Trant.  (fcoL  Soc.,  scr.  1,  vol.  ii,  p.  450  ;   The   Western  Isle*  of  ^cotland^  vol.  ii. 
p.  81). 

4  Transactions  of  the   Highland  and  Agricultural  Society  of  Scotland,  vol.  xiii. 
(1830). 

6  Trans.  (leoL  Soc.,  scr.  2,  vol.  iii.  p.  155. 

0  Quart.  Jonrn.  (real.  Sor.t  vol.  xiii.  p.  17. 

7  Ibid.,  vol.  xv.  p.  353. 

"  Ibid.,  vol.  xlviii,  p.  227. 
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occurring  in  the  displaced  masses,  as  igneous  rocks  intruded  during  the  earth- 
movements,  and  that  he  failed  to  realise  the  evidence  bearing  on  dynamic  meta- 
morphisai  resulting  from  these  movements.  But  I  do  not  douht  that  the  verdict 
of  the  impartial  historian  will  he  that  Nicol  displayed  the  qualities  of  a  great 
stratigraphist  in  grappling  with  the  tectonics  of  one  of  the  most  complicated 
mountain  chains  in  Europe. 

The  period  now  under  review  embraces  the  reopening  of  that  controversy  in 
1878  by  Dr.  Hicks,  and  its  close  in  1884  after  the  publication  of  the  '  Keport  on 
the  Geology  of  the  North-west  of  Sutherland/  by  the  Geological  Survey.  The 
Survey  work  has  confirmed  Professor  Bonney's  identification  of  the  Lewisian 
gneiss  and  Torridon  Sandstone  in  Glen  Logan,  Kinlochewe,*  brought  into  that 
position  by  a  reversed  fault ;  and  Dr.  Calls  way's  conclusions  regarding  overthruat 
faulting  at  Loch  Broom,  in  Assynt  and  in  Glencoul.1  Special  reference  must  be 
made  to  the  remarkable  series  of  papers  by  Professor  Lapworth  on  '  The  Secret 
of  the  Highlands,'  in  which  he  demonstrated  the  accuracy  of  Nicol's  main  con- 
clusions, and  pointed  out  that  the  stratigraphical  phenomena  are  but  the  counter- 
part of  those  in  the  Alps,  as  described  by  Ileim.4  His  researches,  moreover,  led 
him  to  a  departure  from  Professor  Nicol's  views  regarding  the  age,  composition, 
and  mode  of  formation  of  the  Eastern  Schists,  for  in  the  paper  which  he  com- 
municated to  the  Geologists'  Association  in  1884  he  announced  that  their  present 
foliated  and  mineralogical  characters  had  been  developed  by  the  crust-movements 
which  operated  in  that  region  since  the  time  of  the  Durness  quartzites  and  lime- 
stones.5 Allusion  must  be  made  also  to  his  great  paper  '  On  the  Discovery  of 
the  Olenellus  Fauna  in  the  Lower  Cambrian  Itocks  of  Britain/  in  which  he  not 
only  chronicled  the  finding  of  this  fauna  at  the  top  of  the  basal  quartzite  in 
Shropshire,  but  suggested  the  correlation  of  the  Durness  quartzites  and  limestones 
with  the  Cambrian  rocks  elsewhere/'  That  suggestion  wavS  strikingly  confirmed 
within  three  years  afterwards  by  the  discovery  of  the  Olenellus  fauna  in  Ross- 
shire. 

The  detailed  mapping  of  the  belt  of  Cambrian  strata  has  proved  the  striking 
uniformity  of  the  rock  sequence.  There  is  little  variation  in  the  lithological 
characters  or  thicknesses  of  the  various  zones.  Basal  quartzites,  pipe-rock,  Fucoid- 
beds,  Serpulite  (Saltrrella)  grit,  limestone,  and  dolomite  form  the  invariable 
sequence,  for  a  distance  of  a  hundred  miles,  to  the  west  of  the  line  of  earth-move- 
ments. This  feature  is  also  characteristic  of  the  fossiliferous  zones,  for  the  sub- 
zones  of  the  pipe-rock,  the  Olenellus  fauna  in  the  Fucoid-beds,  and  the  Salterella 
limestone  have  been  traced  from  Eriboll  to  Skye.  Owing  to  the  interruption  of 
the  sequence  by  reversed  faults  or  thrusts,  the  higher  fossiliferous  limestone  zones 
are  never  met  with  between  Eriboll  and  Kishorn,  but  they  occur  in  Skye,  where 
they  were  first  detected  by  Sir  A.  Geikio.7 

Regarding  the  pala?ontological  divisions  of  the  system,  my  colleague,  Mr. 
Peach,  concludes  '  that  the  presence  of  three  species  of  Olenellus  in  the  Fucoid- 
beds  and  Serpulite-grit  of  the  North-west  I  lighlands,  nearly  allied  to  the  American 
form  Olenellus  Thomsoni — the  type  species  of  the  gen  us— together  with  Ifyvlithcs, 
Salterella,  and  other  organisms  found  with  it,  prove  that  these  beds  represent  the 
Georgian  terrane  of  America,  which,  as  shown  by  Walcott,  underlies  the  Para- 
do.iides  zone/  Hence  he  infers  that  there  can  be  no  doubt  of  the  Lower  Cambrian 
age  of  the  beds  yielding  the  Olenellus  fauna  in  the  North-west  Highlands.  Mr. 
Peach  further  confirms  Salter's  opinion  as  to  the  American  facies  of  the  fossils 
obtained  from  the  higher  fossiliferous  zones  of  the  Durness  dolomite  and  limestone. 
He  states  that  '  the  latter  fauna  is  so  similar  to,  if  not  identical  with,  that  occurring 
in  Newfoundland,  Mingan  Islands,  and  Point  Levis,  beneath  strata  yielding  the 

Nature,  vol.  xxxi.  p.  29,  November  1881. 

Quart.  Journ.  Geol.  Xoc.,  vol.  xxxvi.  p.  93.  3  Ibid.,  vol.  xxxix.  p.  416. 

GeoL  Marj.,  Dec.  2,  vol.  x.  pp.  120,  193,  337. 

Proc.  Geol  Assoc.,  vol.  viii.  p.  4:38 ;   Geol.  Mag,,  Dec,  3,  vol.  ii.  1885,  p.  97. 

Geol.  Mag.,  Dec.  3,  vol.  v.  pp.  484-487. 
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Pkyllograptus  fauna  of  Arenig  age,  that  the  beds  must  be  regarded  as  belonging 
to  the  higuer  divisions  of  the  Cambrian  formation.' 

The  intrusive  igneous  rocks  of  the  Assynt  region,  of  later  date  than  Cambrian 
time,  and  yet  older  than  the  post-Cambrian  movements,  have  been  specially  studied 
by  Mr.  Teall,  who  has  obtained  results  of  special  importance  from  a  petrological 
point  of  view.  This  pHr-wiphicfil  province  embraces  the  plutonic  complex  of 
Cnoc  na  Sroine  and  Loch  Horoldii,  and  the  numerous  sills  and  dykes  that  traverse 
the  Cambrian  and  Torridonian  sedimeutp,  and  even  the  underlying  platform  of 
Lewisian  gneiss.  lie  infers  that  the  plutonic  rocks  have  been  formed  by  the  con- 
solidation of  alkaline  magmas  rich  in  soda.  At  the  one  end  of  the  series  is  the 
quartz-syenite  of  Cnoc  na  Sroine,  and  at  the  other  the  baeic  augite-syenite, 
nepheline-syenite,  and  borolanite.  The  bafeic  varieties  occur  on  the  margin,  and 
the  acid  varieties  in  the  centre.  The  sills  and  dykes  comprise  t\>  o  well-marked 
types,  camptonites  or  vo^esites,  and  f  el  sites  with  alkali  felspar  and  icgirine,  which 
he  believes  to  represent  the  dyke  form  of  the  magmas  that  ga\e  rise  to  the  plutonic 
mass.1 

The  striking  feature  in  the  geology  of  the  North-west  Highlands  is  the  evidence 
relating  to  those  terrestrial  movements  that  affected  that  region  in  post-Cambiian 
times,  which  are  without  a  parallel  in  Britain.  The  geological  structures  produced 
by  these  displacements  are  extremely  complicated,  but  the  vast  amount  of  evidence 
obtained  in  the  course  of  the  survey  of  that  belt  clearly  proves  that,  though  the 
sections  vary  indefinitely  along  the  line  of  complication,  they  have  certain  features 
in  common  which  throw  much  lip-lit  on  the  tectonics  of  that  mountain  chain. 
Some  of  these  features  may  thus  be  briefly  summarised. 

1.  By  means  of  lateral  compression,  or  earth-creep  the  strata  are  thrown  into 
a  series  of  inverted  folds  which  culminate  in  reversed  faults  or  thrusts. 

2.  Without  incipient  folding,  the  strata  are   repeated  by  a  series  of  minor 
thrusts  or  reversed    faults  which   lie   at  an  oblique  angle  to  the  major  thrust- 
planes  and  dip  in  the  direction  from  which  the  pressure  came,  that  is,  from  the 
east. 

Jj.  By  means  of  major  thrusts  of  varying  magnitude  the  following  structures 
are  produced:  (a)  the  piled  up  Cambrian  strata  are  driven  westwards  along 
planes  formed  by  the  underlying  undisturbed  materials;  (/;)  masses  of  Lewisian 
gneiss,  Torridon  Sandstone,  and  Cambrian  rocks  are  made  to  override  the  under- 
lying piled-up  strata  ;  (c)  the  Eastern  Schists  are  driven  westwards  and,  in  some 
cases,  overlap  all  major  and  minor  thrusts  till  they  rest  directly  on  the  undisturbed 
Cambrian  strata. 

When  to  these  features  are  added  the  vik'Cts  of  normal  faulting  and  prolonged 
denudation,  it  is  possible  to  form  some  conception  of  the  evolution  of  those  extra- 
ordinary structures  which  are  met  with  in  that  region.  Some  of  the  features  jubt 
described  occur  in  other  mountain  chains  a  fleeted  by  terrestrial  movement,  as  in 
the  Alps  and  in  Provence;  but  there  is  one  which  appears  to  be  peculiar  to  the 
North-west  Highlands.  It  us  the  remarkable  overlap  of  the  Mo'.ne  Thrust-plane — 
the  most  easterly  of  the  great  lines  of  displacement.  Along  the  southern  confines 
of  the  wild  and  complicated  region  of  Assynt,  that  plane  can  be  traced  westwards 
for  a  distance  of  MX  miles  to  thelvnockan  cliff,  when*  the  micaceous  flagstones  rest 
on  the  Cambrian  limestone.  In  Durness  we  iind  an  outlier  of  the  Eastern  Schists 
reposing  on  Cambrian  limestone,  there  preservtd  by  normal  fault?,  at  a  distance  of 
about  ten  miles  from  the  mass  of  similar  schists  east  of  Loch  Eriboll,  with  which 
it  was  originally  continuous. 

Though  many  of  these  structures  appear  incredible  nt  first,  it  is  worthy  of  note 
that  some  have  been  reproduced  experimentally  by  Mr.  Caclall.*  lie  took  layers 
of  sand,  loam,  clay,  and  plaster  of  Paris,  and  after  the  materials  had  set  into  hard 
brittle  lamina?,  in  imitation  of  sedimentary  strata,  he  applied  horizontal  pressure 
under  varying  conditions.  The  results,  some  of  which  may  here  be  given,  were 
remarkable. 

1  Gcol  Mag.,  December  4,  vol.  vii.  p.  385  (1900). 
7  Trans.  Royal  Soc,  Edinburgh,  vol.  xxxv.  p.  337. 
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1.  The  compressed  mass  tends  to  find  relief  along  a  series  of  gently  inclined 
tlirustrplanes,  which  dip  towards  the  side  from  which  pressure  is  exerted. 

2.  After  a  certain  amount  of  heaping  up  along  a  series  of  minor  thrust-pi  anes, 
the  heaped-up  mass  tends  to  rise  and  ride  forward  hodily  along  major  thrust- 
planes. 

3.  The  front  portion  of  a  mass  being  pushed  along  a  thrust-plane  tends  to  bend 
over  and  curve  under  the  back  portion. 

4.  A  thrust-plane  below  may  pass  into  an  anticline  above  ;  and  a  major  thrust 
plane  above  may  and  probably  always  does  originate  in  a  fold  below. 

Now  these  important  experiments  confirm  the  conclusion  reached  by  the 
Geological  Survey  from  a  study  of  the  phenomena  in  the  field,  viz.,  that  under 
the  influence  of  horizontal  compression  or  earth-creep  the  rocks  in  that  region 
behaved  like  brittle  rigid  bodies  which  snapped  across,  were  piled  up  and  driven 
westwards  in  successive  slices.  But,  further,  these  displacements  were  accompanied 
by  differential  movement  of  the  materials  which  resulted  in  the  development  of 
new  structures.  These  phenomena  culminate  along  the  belt  of  rocks  in  immediate 
association  with  the  Moine  Thrust,  where  the  outcrop  of  that  thrust  lies  to  the, 
east  of  a  broad  belt  of  displaced  materials.  There,  Lewisian  gneiss,  Torridon 
Sandstone,  and  Cambrian  quartzite  are  sheared  and  rolled  out,  presenting  new 
divisional  planes  parallel  with  that  of  the  Moine  Thrust.  The  Lewisian  gneiss 
shades  into  flaser  gneiss  and  schist,  and  ultimately  passes  into  a  banded  rock  like  a 
phity  schist.  The  pegmatites  show  fluxion  structure  with  felspar  *  eyes '  like 
that  of  the  rhyolites.  At  intervals  in  those  zones  of  highly  Beared  rocks,  pha- 
co idal  masses  of  Lewisian  gneiss  appear,  in  which  tho  pre-Torridoman  structures 
are  not  wholly  effaced.  The  sills  of  camptonite  and  felsito  intrusive  in  the  Cam- 
brian rocks  become  schistose  and  together  with  the  sediments  in  which  they  occur 
appear  in  a  lenticular  form.  All  these  myloni>ed  rooks  show  a  characteristic 
striping  on  the  divisional  planes,  due  to  orientation  of  the  constituents  in  the 
direction  of  movement. 

Still  more  important  evidence  in  relation  to  the  question  of  regional  metaraor- 
phism  is  furnished  by  the  Torrid  on  Sandstone.  In  the  case  of  the  basal  con- 
glomerate the  pebbles  have  been  flattened  and  elongated,  and  u  fine  wavy  structure 
has  been  developed  in  the  matrix.  In  the  district  of  Tien  More,  Asnynfc  planes  of 
schistosity,  more  or  less  parallel  with  the  planes  of  the  Jten  More  Thrust,  pass 
downwards  from  the  Torrid-".  .•-••.I  n.  •  \  :'•  into  the  -mrii-rlyiiip  gneiss.  Both 
have  a  common  foliation  :•-•-•_»••  -u--  •'  -he  unronibrmahihty  between  them. 
Again,  along  the  great  inversion  south  of  Stromeferry,  foliation  has  been  developed 
in  the  Torridon  cnnjriomoraTp  and  overlying  Lewisiau  gneiss,  parallel  to  the  plane 
of  the  Moine  Thrust.  The  Torridon  grits  and  sandstones  south  of  Kinlochewo 
and  between  Kishorn  and  Loch  Alsh  are  similarly  affected  by  the  post-Cambrian 
movements  Mr.  Teall  has  shown  that  the  quartz  grains  have  been  drawn  out 
into  lenticles  and  into  thin  folia  that  wind  round  '  eyes  '  of  felspar.  A  secondary 
crypto-crystalline  material  has  been  produced,  seriritic  mica  appears  in  the  divi- 
sional planes,  and  in  some  instances  biotite  is  developed.  In  short,  he  concludes 
that  in  these  deformed  Torridon ian  sediments  there  is  an  approximation  to  the 
crystalline  schists  of  the  Moine  type.  The  strutigrnphical  horizon  of  these  rocks 
can  be  clearly  proved.  The  subdivisions  of  the  Torridon  Sandstone,  have  been 
recognised  in  those  displaced  masses  which  lie  to  the  east  of  the  Kishorn  Thrust 
and  to  the  west  of  the  Moine  Thrust.  It  is  worthy  of  note  also  that  in  tho  belt 
of  highly  sheared  gneiss  south  of  Stroraeferry  that  comes  between  the  Torridonian 
inversion  in  the  west  and  the  Moine  Thrust  on  tho  east  Mr.  Peach  has  found 
folded  andfaultedinliers  of  the  basal  division  of  tho  Torridon  Sandstone  that,  have 
a  striking  resemblance  to  typical  Moine  schists. 

Regarding  the  age  of  these  post- Cambrian  movements,  it  is  obvious  that  they 
must  be  later  than  the  Cambrian  limestone  and  older  than  the  Old  lied  Sandstone, 
for  the  basal  conglomerates  of  the  latter  rest  unconformably  on  the  eastern  schists 
and  contain  pebbles  of  basal  quartzite,  pipe-rock,  limestone,  and  dolomite  derived 
from  the  Cambrian  rocks  of  the  North-west  Highlands. 

East  of  the  Moine  Thrust  or  great  line  of  displacement  extending  from  Eriboll 
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to  Skye,  we  enter  the  wide  domain  of  the  metaniorphic  rocks  of  the  Highlands,  a 
region  now  under  investigation,  and  which  presents  difficult  problems  for  solution. 
Two  prominent  types  of  crystalline  schists  (Caledonian  series,  Callaway,  and  Moine 
schists  of  the  Geological  Survey)  have  been  traced  over  wide  areas  in  the  counties 
of  Sutherland,  lloss,  and  Inverness,  and  across  the  Great  Glen  to  the  northern 
slopes  of  the  Grampians.  Consisting  of  granulitic  quartzose  schists  and  muscovite- 
biotite  schist  or  gneiss,  they  appear  to  be  of  sedimentary  origin,  though  crystalline. 
They  are  associated  with  recognisable  masses  of  Lewisian  gneiss  covering  many 
square  miles  of  ground  and  presenting  many  of  the  structures  eo  characteristic  of 
that  complex  in  the  undisturbed  areas  already  described.  Within  the  belt  of 
Lewisian  gneiss  at  Glenelg  Mr.  Clough  has  mapped  a  seriew  oi  rocks  presumably  of 
sedimentary  origin,  including  graphitic  schists,  mica  schists,  and  liuieftom.4,  but  the 
gneiss  with  which  they  are  associated  possesses  granulitic  structure  ^ ike  that  of  the 
adjoining  Moine  schists.1  Further,  in  the  east  of  Sutherland,  and  also  in  the 
county  of  Ross,  foliated  and  massive  granites  appear  which  are  interleaved  in  the 
adjoining  Moine  schists,  forming  injection  gneisses  and  producing  contact  meta- 
morphism.* 

In  the  Eastern  Highlands  the  Moine  series  disappears  and  is  replaced  by  a 
broad  development  of  schists,  admittedly  of  sedimentary  origin,  which  have  been 
termed  the  l)al radian  series  by  Sir  A.  Geikie.  Within  recent  years  it  has  been 
divided  into  certain  rock-groups  which  have  been  traced  by  the  Geological 
Survey  from  the  counties  '  f  Banff  and  Aberdeen  to  Kintyre.  It  has  been  found 
that,  though  highly  crystalline  in  certain  area*,  they  pass  along  the  strike  into 
comparatively  unaltered  sediments,  as  proved  by  Mr.  Hill  in  the  neighbourhood  of 
Loch  Awe/'  Hi.* fore  the  planes  of  achistosity  were  developed  in  theee  Dalradian 
schists  tlit*y  were  pierced  by  sills  of  basic  rock  (gabbro  and  epidiorite)  and  acid 
material  (granite),  both  of  which  must  have  shared  in  the  movements  that  affected 
the  schists,  as  they  merge  respectively  into  hornblende  schists  and  foliated  granite 
or  biot  ire  gueiss.  Both  seem  to  have  developed  contact  metamorphisrn ;  indeed, 
Mr.  Harrow4  contends  that  the  r*x'i<in:il  ir.-t.-mioriihiMn  so  prominent  in  the  south- 
east Highlands  is  mainly,  if  not  wholly,  <lue  to  the  intrusion  of  an  early  granite 
magma,  now  exposed  at  the  surfhee  in  the  form  of  looai  bosses  of  granite  and 
isolated  veins  of  pegmatite. 

The  age  of  the  Dalradian  pchists  haa  not  been  determined.  Though  there 
seems  to  he  an  apparent  order  of  superposition,  in  this  series  it  is  still  uncertain 
whether  that  implies  the  original  sequence  of  deposition.  Since  Sir  A.  Geikie 
applied  the  term  Dalradiiin  to  the  Eastern  Highland  schists  in  1801,'  evidence  has 
been  obtained''  that  suggests  the  correlation  of  certain  rocks  along  the  Highland 
border  with  the  Arenig  and  younger  Silurian  strata  of  the  Southern  Uplands. 
Consisting  of  epidiorite,  chlorite  schist,  radiolarian  cherts,  black  shales,  grits,  and 
limestone,  they  have  been  traced  at  interval*  from  Arrnn  to  Kincardiiieshire.  In 
the  latter  region  Mr.  Harrow  contends  that  they  are  separated  by  a  lino  of  dis- 
ruption from  the  Highland  schists  to  the  north  ;  but  no  such  discordance  has  been 
detected  in  the  Callnnder  district  or  in  Arrnn.  Though  these  rocks  of  the  High- 
land border  have  been  much  deformed,  yet  their  occurrence  in  the  same  order  of 
succession  in  that  region  and  in  the  Southern  Uplands  is  presumptive  evidence  for 
their  correlation. 

In  view  of  this  evidence  it  is  not  improbable  that  the  Dalradian  series  may 
contain  rock-groups  belonging  to  different  geological  systems.  Indeed,  the  result 
of  recent  Survey  work  in  Islny  tends  to  support  this  view.  For  in  the  south-west 

1  Summary  of  Progress  of  the  Geological  Surrey  for  1897,  p.  37. 
8  *  On  Foliated  Granites  and  their  iterations  to  the  Crystalline  Schists  in  Eastern 
Sutherland/  Quart.  Journ.  Geol.  ,SrvM  vol.  lii.  p.  (>33. 

*  Annual  Jteport  of  the  ffeohffical  Surrey  for  1803,  p.  2ftj>. 

*  'Intrusion   of  Muscovite-biotite  Gneiss  in  the  South-east  Highlands  and  its 
accompanying  Metamorphism,'  Quart..  Jitwrn.  Gcol.  tfoe.,  vol.  xlix,  p.  330. 

*  Quart.  Journ.  GeoL  Soc.,  vol.  xlvii.  p.  72. 

«  Annual  Re.port  of  the  Geological  Surrey  for  1803,  p.  26G  for  1895,  p.  25;  for 
1896,  p.  27. 
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part  of  that  island  there  is  a  mass  of  Lowisian  gneiss  overlaid  unconformably  by 
sedimentary  strata  which  have  been  correlated  with  the  lower  and  middle  divisions 
of  the  Torridon  Sandstone.  Unfortunately  the  sequence  ends  here,  as  both  the 
gneiss  and  overlying  sediments  are  separated  by  a  line  of  disruption  or  thrust- 
plane  from  the  strata  in  the  eastern  part  of  the  island.  And  yet,  notwith- 
standing1 this  break,  the  evidence  obtained  in  the  latter  district  is  remarkable, 
whatever  theory  be  adopted  to  explain  it.  There  the  Islay  limestone  and  black 
slates  appear  to  be  covered  unconfonnably  by  the  Islay  quartzite  containing 
Annelid  tubes  and  followed  in  ascending  sequence  by  lucoidal  shales  and 
dolomites,  suggestive  of  the  Cambrian  succession  in  Sutherland  and  Ross,  The 
Islay  quartzite  passes  into  Jura,  thence  to  the  mainland,  and  it  may  eventually 
prove  to  be  the  Perthshire  quartzite,  while  the  Islay  limestone  and  black  slate  are 
supposed  to  be  the  prolongations  of  the  limestone  and  slate  of  the  Loch  Awe 
series  in  Argyllshire.1 

From  the  foregoing  data  it  will  be  seen  that  much  uncertainty  prevails 
regarding  the  age  and  structural  relations  of  the  inetauiorphic  rocks  of  the  High- 
lands,  but  the  difficulties  that  here  confront  the  observer  are  common  to  all  areas 
affected  by  regional  metamorphism. 

A  prominent  feature  in  the  geology  of  the  Eastern  Highlands  is  the  great 
development  of  later  plutonic  rocks  chiefly  in  the  form  of  granite  ranging  along 
the  Grampian  chain  from  Aberdeenshire  to  Argyllshire.  In  connection  with  one 
of  these  masses  a  remarkable  paper  appeared  in  1802  which  in  my  opinion  has 
profoundly  influenced  petrological  inquiry  in  Scotland  from  the  light  wbich  it 
threw  on  the  relations  of  a  connected  series  of  petrographical  types  in  a  plutonic 
complex.  I  refer  to  the  paper  on  the  '  JMutouic  Rocks  of  Garabal  Hill  and  Meall 
Breac/  by  Mr.  Teall  and  Mr.  Dakyns.2 

The  authors  showed  that  this  plutonic  mass  comprises  granite,  tonulite,  augite- 
diorite,  picrites,  serpentine,  and  other  compounds.  Mr.  Teall  regards  the  members  of 
this  sequence  as  products  of  one  original  magma  by  a  process  of  differentiation,  the 
peridotites  being  $he  oldest  rocks,  because  the  minerals  of  which  they  are  composed 
are  the  first  to  form  in  a  plutonic  magma.  As  the  process  of  consolidation 
advances,  rocks  of  a  varied  composition  arise,  in  the  order  of  increasing  acidity, 
viz.,  diorites,  tonalites,  and  granites.  The  most  acid  rock  consists  of  quartz  and 
orthoclase,  which  may  represent  the  mother  liquor  after  th«  other  constituents 
had  separated  out.  Mr,  Teall  concludes  that  progressive  consolidation  of  one 
reservoir  gives  rise  to  the  formation  of  magmas  of  increasing  acidity,  and  hence 
that  basic  rocks  should  precede  the  acid  rocks.  This  theory  of  "-v^r^rir  •lifteren- 
tiation— so  strenuously  advocated  by  Brogger,  Vogt,  Kosenbus  '..  I-i'!:'Lr-.  Teall, 
and  others — was  first  applied  to  the  interpretation  of  varied  types  of  plutonic 
masses  in  Scotland  by  Mr.  Teall  in  the  paper  referred  to.  Since  then  he  has 
extended  its  application  to  the  granite  masses  in  the  Silurian  tableland  of  the 
south  of  Scotland,  which  include  rocks,  ranging  from  hyperitea  at  the  one  end  to 
grauitite  with  microcliue,  and  aplite  veins  at  the  other/  Many  of  tin?  phenomena 
presented  by  the  newer  granite  masses  of  the  Eastern  Highlands  seem  to  lend 
support  to  this  theory.  These  views,  indeed,  have  permeated  the  petrological 
descriptions  of  the  granitic  protrusions  in  the  counties  of  Aberdeen  and  Argyll 
which  have  been  given  by  Messrs.  Barrow,  Hill,  Kynaston,  and  Craig  '  in  recent 
years. 

One  of  the  remarkable  advances  in  Scottish  geology  during  the  period  under 
review  is  the  solution  of  the  order  of  succession  and  tectonic  relations  of  the 
Silurian  rocks  of  the  south  of  Scotland  by  Professor  Lamvorth.  The  history  of 
research  relating  to  that  tableland,  and  of  all  his  contributions  to  the  problems 

1  Summary  of  Progress  for  18W),  p.  (50. 

2  Quart  Journ,  GcoL  8oc.,  vol.  xlviii.  p,  104. 

3  Annual  Jfaport  of  the  Geological  Surrey  for  1896,  p.  40;  see  also  '  The  Silurian 
Hocks  of  Scotland/  Geological  Survey  Memoir^  189U,  p.  607. 

*  Annual  Report  of  the  Geological  tfurvey  for  1897,  p.  87  ;  for  1898,  pp.  25-28  ;  see 
also  paper  on  '  Kentallenite  and  its  Kelations  to  other  Igneous  Books  in  Argyllshire/ 
t>  Journ.  Gcol.  8oc.,  vol.  Ivi.  p.  531. 
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connected  with  it,  has  been  given  in  detail  in  the  recent  volume  of  the  Geological 
Survey  on  that  formation.  At  present  it  will  be  sufficient  to  refer  to  his  three 
classic  papers,  which,  in  my  opinion,  record  one  of  the  great  achievements  in 
British  geology.  The  first,  on  '  The  Moflat  Series,'  l  demonstrated,  by  means  of 
the  vertical  distribution  of  the  graptolites,  the  order  of  succession  in  those  fine 
deposits  (black  shales  and  raudstones),  which  were  laid  down  near  the  verge  of 
sedimentation,  and  are  now  exposed  in  anticlinnl  folds  in  the  central  belt.  The 
second,  on  'The  Girvan  Succession/4  showed  how  certain  graptolite  zones  of  the 
Moffat  shales  are  interleaved,  in  the  Girvau  region,  with  conglomerates,  grits, 
sandstones,  flagstones,  mudstones,  shales,  and  limestones,  charged  with  all  the 
varied  forms  of  life  found  in  shallow  seas  or  near  shore,  In  the  third,  on  '  The 
Ballantrae  Hocks  of  the  South  of  Scotland  and  their  Place  in  the  Upland 
Sequence/3  he  indicated  the  distribution  and  variation  of  the  Mo  flat  torrane 
(Upper  Llandeilo  to  Upper  Llandovery)  and  of  the  Gala  terrane  (Tarannon), 
which  form  the  greater  part  of  the  uplands.  lie  further  pointed  out  how  the 
rocks  and  the  fossils  vary  across  the  uplands  according  to  the  conditions  of 
deposition.  Finally  he  proved  that  the  complicated  tectonics  of  the  Silurian 
tableland,  its  endless  overfolds,  its  ondoclinal  and  exocliual  structures,  can  be 
unravelled  by  moans  of  the,  gniptolite  zones.  These  researches  disposed  of  the 
order  of  succession  based  ou  Barrande's  doctrine  of  Colonies,  and  established  the 
zonal  value  of  graptolites  as  an  index  of  -trn'iirritpJ.icjil  horizon?.  So  complete 
was  the  zonal  method  of  mapping  adopted  by  Pro  lessor  Lapworth,and  so  accurate 
were  his  generalisations,  that  lew  modifications  have  been  made  in  his  work. 

In  the  course  of  the  re-examination  of  the  Silurian  tableland  by  the  Geological 
Survey  some  important  additions  were  made  to  our  knowledge  of  the  Silurian 
system  as  there  developed.  Underlying  all  the  sediments  of  the  uplands  there  is 
a  series  of  volcanic  and  plutonic  rocks  of  Arenig  age,  the  largest  development  of 
which  occurs  at  Ballantrae  in  Ayrshire,  where  their  igneous  character  was  recog- 
nised by  Professor  Bonney.  But  they  appear  in  the  cores  of  numerous  anticlines 
over  an  area  of  about  1,500  square  miles,  forming  one  of  the  most  extensive 
volcanic  areas  of  Palaeozoic  age  in  the  British  Isles.  These  volcanic  rocks  are 
overlain  by  a  band  of  cherts  and  mudstones,  succeeded  by  black  shales  yielding 
Glenkiln  graptolites  of  Upper  Llandeilo  age.  The  cherts,  which  are  abundantly 
charged  with  Radiolaria,  implying  oceanic  conditions  of  deposition,  are  about 
70  feet  thick,  and  have  been  traced  o\er  an  area  of  about  2,000  square  miles. 
The  deposition  of  the  Radiolarian  ooze  must  have  occupied  a  long  lapse  of  time, 
Indeed  the  cherts  and  mudstones  represent  the  strata  which,  in  other  regions,  form 
the  Upper  Arenig  and  Lower  Llandeilo  divisions  of  the  Silurian  system.  They 
furnish  interesting  evidence  of  the  oceanic  conditions  which  here  prevailed  in 
early  Silurian  time,  and  form  a  natural  sequel  to  Professor  Lupworth's  researches 
bearing  on  the  graptolitic  deposits  of  the  Upper  Llandeilo  period,  which  must  have 
been  laid  down  on  the  sea-fioor  near  the  limit  of  the  land-derived  sediment. 

Of  special  interest  is  the  new  iish  fauna  found  by  the  Geological  Survey  in  the 
Ludlow  and  Downtoniau  rocks  between  Lesmahagow  and  Muirkirk,  which  the 
researches  of  Dr.  Traquair  have  shown  to  be  of  groat  biological  and  palceonto- 
iogical  value.4  This  discovery  has  enabled  him  to  give  a  new  classification  of  the 
O&tracoformi,  to  enlarge  the  order  of  the  lletcrostrftci,  which  now  includes  four 
families,  instead  of  the  Pteratpidtr  alone,  lie  has  further  shown  that  the 
Ca>/o/eptV.&eJwere  not  Oestraciont  sharks  to  which  the,  Ouchits  spines  belonged,  but 
Heteroxtraci,  though  probably  of  Elasmobranch  origin,  judging  from  the  shagreen- 
like  scales.  The  Coelolepida  are  common  fishes  in  the  Ludlow  and  Downtonian 
rocks  of  Lanarkshire.  The  genus,  Thefadm*,  first  described  by  Agassiz  from 
detached  scales  in  the  Ludlow  bone-bed,  and  subsequently  figured  and  described 
by  Pander  and  Rohon  from  scales  in  the  Upper  Silurian  rocks  of  Oesel,  is  here 
represented  for  the  first  time  by  nearly  complete  forms.  But  it  is  remarkable  that 
no  Onchus  spines,  nor  any  Pteraspida*,  nor  Cephalaspida  have  been  found  in  the 


t:  J&urn.  Geol.  Soc.t  vol.  xxxiv.  p.  240.  2  Ibid.,  vol.  xxxviii.  p.  537. 

1  Gcol.  Mag.>  Dec.  3.  vol.  vi.  p.  20.        *  Trans.  Pay.  Soc.  Edin.,  vol.  xxxix.  p.  827. 
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Lanarkshire  strata,  the  nearest  related  genus  to  Cephalaspis  being  Ateleaspis, 
which,  however,  represents  a  distinct  family. 

The  group  of  sandstones,  conglomerates,  shales,  and  mudstones  that  form  the 
passage-beds  between  the  Ludlow  rocks  and  the  Lower  Old  Red  Sandstone  in 
Lanarkshire  are  now  regarded  as  the  equivalents  of  the  Downtonian  strata  in 
Shropshire,  and  are  linked  with  the  Silurian  system.  The  mudstones  of  this 
group,  containing  the  new  fish  fauna,  likewise  yield  ostracods,  phyllocarid  crus- 
taceans, and  eurypterids— -forms  which  connect  these  beds  with  the  underlying 
Ludlow  rocks.  The  band  of  greywacke-conglomerate,  that  extends  from  the 
Pentland  Hills  into  Ayrshire,  composed  largely  of  pebbles  derived  from  the 
Silurian  tableland,  is  now  taken  as  the  base  line  of  the  Lower  Old  Red  Sandstone 
on  the  south  side  of  the  great  midland  valley  of  Scotland. 

The  period  under  review  has  been  marked  by  important  additions  to  our  know- 
ledge of  the  Old  Red  Sandstone  formation.  In  1878  appeared  a  valuable  mono- 
graph by  Sir  Archibald  Geikie  on  '  The  Old  Red  Sandstone  of  Western  Kurope/  l 
by  far  the  most  important  treatise  ou  this  subject  since  the  publication  of  Hugh 
Miller's  classic  work  published  in  1841.  Following  up  the  view  maintained  by 
Fleming,  Godwin- Austen,  and  Ramsay,  that  the  deposits  of  this  formation  were 
laid  down  in  lakes  or  inland  seas,  he  defined  the  geographical  areas  of  the  various 
basins  in  the  British  area,  giving  to  each  a  local  name.  He  gave  an  outline  of  the 
development  of  the  rocks  north  of  the  Grampians,  in  Caithness,  Orkney,  and 
Shetland.  He  advanced  an  ingenious  argument  in  favour  of  correlating  the 
Caithness  flagstone  series  (middle  division,  Minvhison)  with  the  Lower  Old  lied 
Sandstone  south  of  the  Grampians,  lie  contended  that  '  the  admitted  palivonto- 
logical  distinctions  between  the  two  areas  are  probably  not  greater  than  the 
striking  lithological  differences  between  the  strata  would  account  for,  or  than  the 
contrast  between  the  ichthyic  faunas  of  adjacent  but  disconnected  water  basins  at 
the  present  time.'  Sir  A.  Geikie  further  gave  a  table  showing  the  vertical  rang*', 
of  the  known  fossils  pf  the  Caithness  series  from  data  partly  supplied  bv  the  late 
Mr.  C.  Peach. 

During  the  last  quarter  of  a  century  Dr.  Traquair  has  made  a  special  study  of 
the  ichthyology  of  the  Old  Rod  Sandstone  and  Carboniferous  strata  of  Scotland, 
which  has  enabled  him  to  throw  much  light  on  the  distribution  of  fossil  fishes  in 
these  rocks  and  on  their  value  for  the  purpose  of  correlation.  His  researches 
show  that  the  fish  fauna  of  the  formation  south  of  the  Grampians  resembles  that 
of  the  Lower  Old  Red  Sandstone  of  the  West  of  England  and  adjoining  part  of 
Wales  in  the  abundance  of  specimens  of  CephalaynA,  the  common  species  in 
Forfarshire  (C.  LyclH^  Ag.)  being  also  indistinguishable  from  that  in  the  Hereford- 
shire beds.  Pteraspis  occurs  in  both  regions,  though  of  different  apecies.  Of 
Acanthodians  Parexu*  rocurvus,  Ag.,  occurs  in  both,  together  with  Climatius 
(C.  ornatus,  Ag.).  The  abundance  of  Cephalaspis  (C.  CampbelttmteimS)  Whit., 
C.  Jexi,  Traq.)  and  of  Climatiux  spines  is  characteristic  of  the  Lower  Devonian 
rocks  of  Canada. 

The  Old  Red  Sandstone  of  Lome  has  recently  yielded  organic  remains,  akin  to 
those  found  in  Forfarshire,  south  of  the  Grampians,  viz.,  Cephalaspis  Lornewi* 
(Traq.),  two  species  of  inyriapods  (Cam/wcart'x  Forf are/mix  and  a  species  of 
Archiflemnus).12 

In  the  deposits  of  Lake  Orcadie,  north  of  the  Grampians,  quite  a  different  lish 
fauna  from  that  of  Forfarshire  appears.  Dr.  Traquair  has  noted  that  there  are  no 
species  common  to  the  two  areas,  and  only  two  genera,  viz.,  Mcsacanthm  and 
Cephalaspis.  The  hatter  genus  is,  however,  represented  in  Caithness  only  by  a 
single  specimen  of  a  species  (C.  maynifica,  Traq.)  different  from  any  found  else- 
where. It  might  here  be  observed  that  Cephalatpi*  is  represented  also  in  the 
Upper  Devonian  rocks  of  Canada  by  a  single  specimen  of  a  peculiar  species 
(C.  laticeps,  Traq.),  and  hence  Dr.  Traquair  has  shown  that,  though  Cephalaspis  \% 
most  abundant  in  the  Lower  Devonian,  it  extends  also  into  the  upper  division  of 

1  Tram.  May.  Soc.,  Edin.,  vol.  xxviii.  p.  345. 

2  Summary  of  Progrest,\  Geological  Survey,  1897,  p.  83, 
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that  system.  It  further  appears  that  Osteolepida  (Osteolepis,  Diplopterus), 
Rhizodtmtida  (Tristichopteru*,  Gyroptychius),  ff'nofifi/r/n'id^  (Glytolepis), 
Astcrolepidcc  (Pterichthy*,  Microbrachiu*)t  Ctenodontida  (JJipterus)  are  abundant 
in  the  Orcadian  fauna,  none  of  which  has  occurred  in  the  Lower  Old  lied  Sand- 
stone of  Forfarshire,  the  West  of  England,  or  in  the  Lower  Devonian  rocks  of 
Canada.  Dr.  Traquair  recognised,  however,  the  identity  of  the  fishes  from  the 
well-known  fish  band  in  the  basin  of  the  Moray  Firth  with  those  brought  from  the 
west  part  of  Orkney,  though  these  forms  did  not  quite  agree  with  the  fossils  from 
the  Thurso  district.  lie  subsequently  found  that  the  fish  fauna  from  the  Orcadian 
beds  in  the  Moray  Firth  basin  is  represented  in  Caithness  by  that  of  Achanarras  ; 
and,  further,  that  two  other  faunas  occur  in  the  Caithness  area  —  that  of  Thurso 
und  that  of  John  o*  Groats  as  given  below  :  — 


John  o«  Groats 


{ 


|    Cocco&teus  minor,  11.  Miller. 
Thurso  .....          Thttrsluspholidotus,  Traq. 

1    (JttevlejriiimicrnlfpidotKSi  Pander. 

(   Pterickllty*,  \\  species. 
Achanarras    ....•!    Mei  rtilqtit  Traitli,  Ag. 

nttuwfo/ridntux,  Ag. 


In  189X  appeared  an  important  paper  by  Dr.  Flett  on  *Tlio  Old  Hed  Sandstone 
of  the  Orkneys.1  '  in  which  ho  described  the  results  of  his  detailed  examination  of 
thii  islands,  lit*  proved  Ihe  exigence  there  of  three  fish  faunas,  and  their 
correspondence.  with  thnM»  identiiiod  in  (  'iiithnej-s  by  Dr.  Traquair.  From  the 
evidence  in  the  field  he  adopted  the  following  order  of  succession  and  correlation 
of  the  strata: 

•'J.  Kday  Sandstones  and  John  n%  Groats  beds. 

I!.  Rousay  and  Thurso  beo>. 

]  .  StromiiesH,  Achaiiftrnw,  and  (  'romarty  beds. 

A  further  important  result  of  Dr.  Fletl's  researches  in  the  Old  Red  Sandstone 
of  these  northern  isles  was  communicated  to  the  Royal  Society  of  TMiuuurirli  this 
year.  He  has  found  in  the  Shetland  beds,  which  had  previously  yielded  no  fossils 
save  plants,  fragments,  identified  by  Dr.  Traquair  as  Jluluttrma,  a  fish  new  to 
.Britain,  but  occurring'  in  the  rhomung  group  of  North  America,  the  subdivision 
of  the  Upper  Devonian  that  immediately  underlies  the  <1atskill  red  sandstones, 
with  remains  of  Jloluptychiu*.  Dr.  Traquair  has  also  recognised  in  Dr.  Flett's 
collection  fragments  of  Asterolfpi*,  a  genus  characteristic  of  the  Upper  Old  Ued 
Sandntone,  and  which,  as  proved  by  Dr.  Flett,  occurs  in  the  '  Thurso  beds  '  of  the 
Orkneys.  The  interest  attaching  to  this  discovery  is  very  great,  for  Dr.  Flett 
contends  that  it  indicates  a  fourth  life-zone  in  the  Orcadian  series,  and.  further, 
that  it  tends  to  span  the  break  between  the  Orcadian  division  and  Upper  Old  Red 
Sandstom*. 

In  the  Upper  Old  Red  Sandstone  on  the  south  side  of  the  Moray  Firth,  Dr. 
Tramiair  recognised  two  life-zones,  and  subsequently,  with  the  assistance  of 
Mr.  Taylor,  Lhanbrydo,  a  third  ;  in  the  following  order.  The.  lowest  is  that  of  the 
Nairn  sandstones  w'ith  Atttemlfjn*  maxima  (Ag.)  ;  the  second,  that  of  Alves  and 
Scaat  Craig  with  JiotMolfjn»  major  (Ag,),  Ptammwini*  Tayhri  (Traq.)  ;  and  the 
highest  that  of  Hosebrae,  the  fauna  of  which,  according  to  Dr.  Traquair,  has  a 
striking  resemblance  to  the  assemblage  in  the  Dura  Den  Sandstones  in  Fife. 

Before  1  870  all  the  Carboniferous  areas  in  the  groat  midland  valley  of  Scotland 
Iiad  been  mapped  by  the  Geological  Survey.  The  extent  and  structural  relations 
of  the  various  coal-Reids  were  determined  according  to  the  information  then 
available,  and  shown  in  the  published  maps.  But  the  rapid  development  of  certain 
fields  in  the  east  of  Scotland  necessitated  a  revision  of  them  which  has  lately  been 
done.  The  Fife  coal-field  has  been  re-examined  by  Sir  A.  Geikie,  Mr.  Peach,  and 

1  Trans,  Roy.  Soe.  Edin,,  vol.  xxxix.  p.  383. 
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Mr.  Wilson,  and  the  oil-shale  fields  in  the  Lothians  have  been  mapped  by 
Mr.  Cadell.  An  important  memoir  by  Sir  A.  Geikie  on  <  The  Geology  of  Central 
and  Western  Fife  and  Kinross '  has  just  been  issued  by  the  Geological  Survey,  in 
which  the  structure  of  these  coal-fields  is  described.  Mr.  Cadell  lately  gave  an 
account  of  th-~»  .rooloariral  structure  of  the  oil-shale  fields  in  his  presidential  address 
to  the  Edinburgh  Geological  Society. 

Within  the  period  under  review  detailed  researches  of  great  importance  on  the 
fossil  flora  of  British  Carboniferous  rocks  have  been  carried  out  by  Mr.  Kidston, 
to  which  reference  ought  to  be  made.  The  results  are  of  the  highest  value  for 
correlating  the  strata  in  different  areas. l  By  means  of  the  plants  he  arranges  the 
Carboniferous  rocks  of  Scotland  in  two  great  divisions :  a  lower,  comprising  the 
Calciferous  Sandstone  and  Carboniferous  Limestone  series ;  and  an  upper,  including 
the  Millstone  Grit  and  the  Coal-measures,  there  being  a  marked  palaeontological 
break  at  the  base  of  the  Millstone  Grit.  He  shows  that  the  upper  and  lower 
divisions  of  the  system,  not  only  in  Scotland  but  in  Britain,  are  characterised  by  a 
different  series  of  plants,  not  one  species  passing  from  the  lower  division — save  in 
the  case  of  Stigmaria — into  the  upper.  From  his  researches  it  appears  that,  among 
ferns,  Ncuropteris  is  all  but  unknown  in  the  lower  division,  whereas  in  the  upper 
it  is  very  abundant.  The  Sphenopterids  are  proportionately  common  in  both 
divisions;  but  those  of  the  lower  are  usually  characterised  by  cuneate  segments, 
while  those  of  the  upper  have  generally  rounded  pinnules.  Alethopteris,  so 
common  throughout  the  whole  of  the  upper  series,  is  entirely  absent  from  the 
lower.  The  genus  Catamites,  which  is  extremely  plentiful  in  the  upper,  is  almost 
entirely  absent  from  the  lower  division,  where  its  place  is  taken  by  Asterocalamites. 
The  Qordaitece  are  also  rare  below  the  Millstone  Grit,  though  very  plentiful  above 
that  horizon.  Sigillaria,  so  rare  in  the  Lower  Carboniferous  rocks,  is  extremely 
abundant  in  the  upper  division,  and  particularly  in  the  middle  Coal-measures.  In 
short,  Mr.  Kidston  concludes  that  the  floras  of  the  two  main  divisions  of  the 
Carboniferous  system,  though  belonging  to  the  same  types,  are  absolutely  distinct 
in  species,  and  in  the  relative  importance  of  the  genera. 

fey  means  of  the  fossil  plants  Mr.  Kidston  correlates  the  Coal- measures  of 
Scotland  underlying  the  red  sandstones  with  the  lower  division  of  the  Coal- 
measures  of  England,  and  the  overlying  red  .sandstones  of  Fife  with  the  middle 
division  of  the  English  Coal-measures. 

It  is  remarkable  that  the  evidence  supplied  bv  the  fossil  fishes  has  led 
Dr.  Traquair  independently  to  a  similar  conclusion.  lie  holds  that  fossil  ichthyo- 
logy proves  the  existence  of  only  two  great  life-zones  in  the  Carboniferous  rocks 
of  Central  Scotland — an  upper  and  a  lower — the  boundary  line  between  the  two 
being  drawn  at  the  base  of  the  Millstone  Grit.  The  Scottish  Carboniferous  rocks, 
being  mostly  estuarine,  give  an  opportunity  of  comparing  the  estuarine  fishes  of 
both  divisions.  He  finds  the  Coal-measure  fishes  of  Scotland  to  be  the  same  as 
those  in  the  English  Coal-measures,  while  those  occurring  below  the  Millstone 
Grit  in  Scotland  are  mostly  different  in  species,  and  often,  too,  in  genera,  from  the 
forms  above  that  horizon. 

Of  special  interest  as  bearing  on  the  former  extension  of  this  system  in  Scot- 
land is  the  discovery  made  by  Professor  Judd 2  in  1877  of  a  patch  of  Carboniferous 
sandstones  and  shales,  with  well-preserved  plant  remains  in  Morven.  Another 
small  outlier  of  this  formation  has  recently  been  found  in  the  Pass  of  Brander  by 
the  Geological  Survey.3 

The  reptiles  from  the  Elgin  sandstones,  recently  described  by  Mr.  E.  T.  Newton,4 
add  fresh  interest  to  the  study  of  these  rocks.  The  structural  relations  of  these 
sandstones  have  been  fully  treated  by  Professor  Judd  in  his  great  paper  on  the 
Secondary  Rocks  on  the  east  of  Scotland/'  and  again  in  his  presidential  address 

1  *  On  the  Various  Divisions  of  British  Carboniferous  Rocks  as  determined  by  their 
Fossil  Flora,'  Proo.  Roy.  Phyt.  Soc.  Edin.,  vol.  xii.  p.  183  (1893). 

-  Quart.  Journ.  Geol.  Soc.,  vol.  xxxiv.  p.  685. 

3  Summary  of  Progress,  Geological  Survey,  1898,  p.  129. 

*  Phil.  Trans.,  vol.  clxxxiv.  p.  431  (1893) ;  il>id,t  vol.  clxxxv.  p.  573  (1894). 
5  Quart.  Journ.  Geol.  Soc.,  vol.  xxix.  p.  98. 
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to  this  Section  at  Aberdeen,1  who  confirmed  Huxley's  well-known  correlation  of 
these  beds  with  the  Trias.  The  Dicynodont  skull,  identified  by  Professor  Judd 
and  Dr.  Traquair  at  the  Aberdeen  meeting  of  the  British  Association  in  1885,  and 
other  remains  found  in  the  reptilian  sandstones  in  Cutties  Hillock  Quarry,  where 
they  rest  on  Upper  Old  Red  Sandstone  with  Holoptychius,  have  been  described  by 
Mr.  Newton.  He  confirmed  their  affinity  with  Dicynodonts,  though  they  were 
referred  to  the  genera  Gordonia  and  Geikia.  But  the  most  remarkable  specimen 
was  the  skull  named  by  Mr.  Newton  Elyinia  mirabilis.  This  extraordinary 
creature,  with  a  pair  of  horns  projecting  like  those  of  a  short-horned  ox,  and  with 
smaller  spines  and  bosses,  r*,irr.b^rir:r  thirty-nine,  is  related  to  the  great  Pareia~ 
8(turus  from  the  Karoo  bed-  ••"  S  *  .•  'i  Africa.  Two  other  reptiles  are  described  by 
Mr.  Newton  from  this  quarry,  namely,  a  small  crocodile-like  animal,  Erpetosuchus 
Granti — apparently  nearly  allied  to  Stagonolepis — and  Ornitho&uchus  Wood" 
wardi,  which  is  probably  a  small  Dinosaurian. 

Mr.  Newton  has  raised  an  interesting  point  in  connection  with  his  researches, 
He  calls  attention  to  the  fact  that  the  reptilian  remains  from  the  Cutties  Hillock 
Quarry  differ  from  those  found  at  other  localities  in  the  Elgin  district.  For 
example,  the  Lossiemouth  sandstones  hare  yielded  Stagonolepis,  Hyperodapedon, 
and  Telerpeton ;  and  the  Cutties  Hillock  sandstones,  the  Dicynodonts  (Gordonia 
and  Geikia),  the  horned  reptile  (Efyinia),  the  small  crocodile-like  Erpetosuchuus, 
and  the  little  Dinosaurian  Ornithosuchiu.  Does  this  distribution  indicate 
different  stratigraphical  horizons?  is  virtually  the  point  raised  by  Mr.  Newton. 
In  connection  with  this  inquiry  he  cites  the  evidence  obtained  in  other 
countries.  Thus,  in  the  Gondwana  beds  of  India,  the  series  of  reptiles  similar  to 
those  of  Elgin  occur  at  different  localities  and  on  different  stratigraphical 
horizons;  Dicynodonts  and  Labyrinthodonts  being  found  in  the  lower  Panchet 
rocks,  while  Hyperodftpedon  and  Parasuchus  (allied  to  Stayonnlepis)  are  met  with 
in  the  higher  Kota-Maleri  beds.  Again  in  the  Karoo  beds  of  South  Africa  the 
Dicynodonts  and  the  great  Pareiasawus — the  latter  being  the  nearest  known  ally 
of  the  horned  reptile  \Elginia  mirabilis)  from  Cutties  Hillock,  Elgin — occur  low 
down  in  that  formation.  Further  light  is  thrown  on  the  question  by  the  interest- 
ing discoveries  of  Amalitzky  in  Northern  Russia,  where  a  number  of  reptilian 
remains  have  been  found  closely  allied  to  Pareiasauru*,  Elginia^  and  Dicynodon,  in 
beds,  which  are  referred  to  the  Permian  formation  and  accompanied  by  plants  and 
mollusca  which  seemingly  confirm  this  reference.3 

In  view  of  these  foreign  discoveries  Mr.  Newton  concludes  that  the  Elgin 
sandstones  may  probably  represent  more  than  one  reptilian  horizon,  and  that  we 
are  confronted  with  the  possibility  of  their  being  of  Permian  age. 

The  difficulty  of  drawing  a  boundary  line  between  the  Trias  and  the  Upper 
Old  Red  Sandstone  of  Elgin,  which  impressed  the  mind  of  the  late  Dr.  Gordon,  ha* 
had  to  be  faced  elsewhere  in  Scotland.  In  Arran,  my  colleague  Mr.  Gunn  hat 
shown  that  the  Trias  there  rests  on  the  tipper  Old  Re*l  Sandstone,  both  forma- 
tions having  a  similar  inclination.  Even  he,  with  his  ripe  experience,  has  had 
great  difficulty  in  drawing  a  boundary  between  them  on  the  west  side  of  the 
island ;  but  when  the  base  line  of  the  lvrias  is  traced  eastwards  to  Brodick  it  passed 
transgressively  on  to  Carboniferous  rocks. 

Or  special  importance  is  the  recent  discovery  in  Arran  of  the  fossils  of  the 
Ancttla  contorta  zone3  by  Mr.  Macconochie,  of  the  Geological  Surrey,  to  whose 
skill  as  a  fossil  collector  Scottish  geology  owes  much.  With  these,  occur 
Lower  Liassic  fossils,  in  sediments  which  are  not  now  found  in  place  in  the  island. 
These  fossiliferous  patches  are  associated  with  fragmental  volcanic  materials 
filling  a  great  vent,  the  age  of  which  will  be  referred  to  presently.  This  dis- 
covery has  fixed  the  Triassic  age  of  the  red  sandstones  and  marls  in  the  south  of 
Arran.  The  detailed  mapping  of  the  island  by  Mr.  Gunn  has  demonstrated  that 

1  Hep.  Brit.  Auoo.  for  1886,  p.  994. 

*  Y.   Amalitzky,  Sur  les  fouilles  de  1899  de  d6bris  dc  vwttbrct  dam  let  dtpfat 
Permiens  de  la,  Rustic  du  nord.    Varsovie,  1900. 

•  Summery  of  Progren*  Geological  Survey,  1899,  p.  133. 
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the  Triassic  sandstones  rest  partly  on  the  Old  Bed  Sandstone,  partly  on  the  Car* 
boniferous  Limestone  Series  and  partly  on  the  Coal-measures. 

In  1878  appeared  the  third  of  Professor  Judd's  great  papers  on  the  Secondary 
Rocks  of  Scotland,  wherein  he  unravelled  the  history  of  these  strata  as  developed 
in  the  east  of  Scotland  and  in  the  West  Highlands.  His  admirable  researches,  in 
continuation  of  the  work  done  by  Bryce,  Tate,and  others  embraced  the  identifica- 
tion of  the  life-zones,  their  correlation  with  those  of  other  regions,  the  history  of 
the  physical  conditions  which  prevailed  in  Scotland  during  Mesozoic  time,  and  the 
working  out  of  the  structural  relations  of  the  strata.1  He  showed  that  their 
preservation  on  the  east  of  Scotland  was  due  to  the  existence  of  great  faults,  and 
those  in  the  West  Highlands  to  the  copious  outpouring  of  the  Tertiary  lavas.  He 
\\  as  the  first  to  detect  the  occurrence  of  Cretaceous  rocks  in  the  West  Highlands 
and  to  show  the  marked  unconform ability  which  separates  them  from  the  Jurassic 
strata.  Plis  main  life-zones  and  his  main  conclusions  regarding  the  Secondary 
Hocks  of  Scotland  have  so  far  been  confirmed  by  the  detailed  mapping  of  the 
Geological  Survey.  An  interesting  addition  to  our  knowledge  of  these  rocks  was 
made  by  my  colleague,  Mr.  Woodward,  hi  the  course  of  his  field  work,  who  found 
the  oolitic  iron  ore  in  the  Middle  Lias  of  Raasay,  the  position  of  which  corresponds 
approximately  with  that  of  the  Cleveland  ironstone.2 

The  extensive  plateau  of  Tertiary  volcanic  rocks  in  the  Inner  Hebrides  has  been 
a  favourite  field  of  research  ever  since  the  time  of  Macculloch,  the  great  pioneer 
in  West  Highland  geology.  During  the  period  under  review  much  work  has  been 
done  in  that  domain.  According  to  Professor  Judd,  that  region  contains  the 
relics  of  five  great  extinct  volcanoes  and  several  minor  cones,  indicating  three 
periods  of  igneous  activity.  The  first  was  characterised  by  the  discharge  of  acid 
lavas  and  ashes,  the  molten  material  consolidating  down  below  as  granite ;  the 
second  by  the  outburst  of  basic  lavas,  now  forming  the  basaltic  plateau,  connected 
with  deep-seated  masses  that  appear  now  as  gabbro  and  dolerite  ;  the  third  by  the 
appearance  of  sporadic  cones,  from  which  issued  minor  streams  of  lava.1 

In  1888  Sir  A.  Geikie  communicated  his  elaborate  monograph  on  the  history 
of  Tertiary  volcanic  action  in  Britain  to  the  Royal  Society  of  IMiiihiinrli.'  which 
has  been  incorporated,  with  fuller  details,  in  his  recent  work  on  '  The  Ancient 
Volcanoes  of  Great  Britain.'  His  main  conclusions  may  thus  be  briefly  stated : 
1.  The  great  basaltic  plateaux  did  not  emanate  from  central  volcanoes,  but  are 
probably  due  to  fissure  eruptions ;  12,  the  basaltic  lavas  were  subsequently 
pierced  by  laccolitic  masses  of  gabbro,  which  produced  a  certain  amount  of  contact 
alteration  on  the  previously  erupted  lavas  ;  3,  the  protrusion  of  masses  of  grano- 
phyre  and  other  acid  materials  by  means  of  which  the  basic  rocks  were  disrupted. 

*  During  the  last  six  years  Mr.  Ilarker  has  been  en#ag-ed  in  mapping  the  central 
part  of  the  isle  of  Skye,  and  in  the  petrographical  study  of  the  rocks,  the  results 
of  which  have  been  summarised  in  the  annual  reports  of  the  Geological  Survey.  As 
regards  the  basaltic  lavas,  he  finds  that  while  they  have  been  of  vast  extent  the 
individual  flows  have  been  of  feeble  volume,  and  show  no  evident  relation  to 
definite  centres  of  eruption.  There  were  two  local  episodes,  however,  which  took 
the  form  of  central  eruptions :  one  represented  by  a  number  of  explosive  outbursts 
at  certain  points  ;  the  other,  in  the  basalt  succession,  gave  rise  to  rliyolitic  rocks. 

Mr.  Harker  further  finds  that  the  succeeding  plutonic  phase  of  activity,  confined 
in  Skye  to  what  is  now  the  central  mountain  tract,  is  represented  by  three  groups 
of  plutonic  intrusions,  in  the  following  order :  peridotites,  gabbros,  and  granites. 
The  metamorphism  set  up  in  the  basaltic  lavas  near  the  large  plutonic  masses  pre- 
sents points  of  interest,  especially  the  widespread  formation  of  new  lime-soda- 
felspars  from  the  zeolites  in  the  lavas. 

After  the  intrusion  of  the  granite  of  the  Red  Hills,  Mr.  Harker  finds  that 
igneous  activity  took  the  form  of  intrusions  of  smaller  volume,  but  in  some  cases 

1  Quart.  Journ.  Ocol.  Soc.,  vol.  xxix.  p.  07,  vol.  xxxiv,  p.  660. 

2  Geol.  May.,  Dec.  3,  vol.  x.  p.  493  (1893). 
8  Quart.  Journ.  Gcol.  Soc.,  vol.  xxx.  p.  220. 

1  Trans.  Uoy.  Soc.  Edin.t  vol.  xxxv.,  part  2,  p.  23. 
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of  wide  distribution,  The  great  group  of  dolerite  sills  belongs  to  this  period.  An 
enormous  number  of  acid  and  basic  dykes  followed,  of  several  distinct  epochs.  A 
set  of  minor  basic  intrusions  of  quite  late  date  is  found  in  the  gabbro  district  of  the 
Cuillins,  the  most  interesting  of  which  takes  the  form  of  sheets  of  dolerite,  parallel 
at  any  given  locality,  but  always  dipping  towards  the  centre  of  the  gabbro  area. 
Mr.  Ilarker  considers  that  this  remarkable  system  of  injections  presents  a  new 
problem  in  the  mechanics  of  igneous  intrusion.  The  latest  phase  of  vulcanicity  in 
the  Ouillin  district  is  a  radial  group  of  peridotite  dykes.  As  regards  the  local 
group  of  rock  in  Central  Skye  Mr.  Ilarker  nnds  that  the  order  of  increasing 
acidity  which  ruled  in  the  plutonic  phase  was  reversed  for  the  minor  intrusions 
which  followed. 

In  connection  with  the  great  development  of  volcanic  activity  in  the  West  of 
Scotland  in  Tertiary  time  reference  must  be  made  to  the  remarkable  volcanic  vent 
in  Arran  the  recognition  of  which  is  due  to  the  suggestion  of  rny  friend 
Mr.  Peach.  This  volcanic  centre  covers  an  area  of  about  eight  square  rmles,  and 
lies  to  the  south  of  the  granite  area  of  the  island.1  The  vent  is  now  filled  with 
volcanic  agglomerate  and  large  masses  of  sedimentary  material,  some  of  which 
have  yielded  the  Rhsetic  and  Lower  Liaa  fossils  already  referred  to,  the  whole 
being  pierced  by  acid  and  basic  igneous  rocks.  One  of  the  interesting  features 
connected  with  it  is  the  occurrence  of  fragments  of  limestone  with  the  agglomerate, 
which  has  yielded  fossils  of  the  age  of  the  chalk,  thus  proving  that  the  vent  in 
post-Cretaceous.  There  is  thus  strong  evidence  for  referring  the  granite  mass  in 
the  north  of  the  island  find  most  of  the  intrusive,  acid,  and  basic  igneous  rocks  to 
the  Tertiary  period.  It  furnishes  remarkable  proof  of  the  suggestion  of  the 
Tertiary  age  of  the  Arran  granite  made  by  Sir  A.  Geikie  in  J&73.*  The  story 
unfolded  by  this  discovery  is  like  a  geological  romance.  The  former  extension  of 
Khtetic  and  Lower  Lias  strata  and  of  the  chalk  in  the  basin  of  the  Clyde,  and  the 
evidence  of  extensive  denudation  in  the  south  of  Scotland,  appeal  vividly  to  the 
imagination. 

This  outline  of  the  researches  in  the  solid  geology  of  Scotland  would  be 
incomplete  without  reference  to  the  publication  of  Sir  A.  Geikie's  great  work  on 
'The  Ancient  Volcanoes  of  Great  Britain '  (1897),  in  which  the  history  is  given  of 
volcanic  action  in  Scotland  from  the  earliest  geological  periods  down  to  Tertiary 
time.  To  investigators  it  has  proved  invaluable  for  reference.  Nor  can  I  omit  to 
mention  the  new  edition  of  his  volume  on  '  The  Scenery  of  Scotland,'  wherein  he 
depicts  the  evolution  of  the  topography  of  the  country  with  increasing  force  and 
fascination.  In  this  domain  it  may  be  said  of  the  author, '  Nihil  tetigit,  quodnon 
ornavit.' 

From  the  brief  and  imperfect  sketch  which  I  have  tried  to  give  of  recent 
advances  in  the  solid  geology  of  Scotland  it  will  be  admitted  that  restless  activity 
and  progress  have  been  characteristic  of  the  last  quarter  of  a  century.  But  we 
may  expect  that  the  conclusions  accepted  now  will  be  rigorously  tested  by  our 
successors,  probably  in  the  light  of  new  discoveries  and  with  more  perfect  methods 
of  research.  It  is  well  that  it  should  be  so,  for  thereby  our  branch  of  science 
advances.  Meanwhile,  as  we  look  back  on  the  phalanx  of  geologists  that  Scotland 
has  produced — to  Hutton  and  Hall,  Murchison  and  Lyell,  Hugh  Miller  and  Fleming, 
Nicol  and  Ramsay — and  reflect  on  the  services  which  they  rendered  to  geology,  we 
may  hope  that  this  record  of  progress  may  prove  a  titting  sequel  to  the  labours  of 
these  illustrious  men. 

The  following  Papers  and  Report  were  read  : — 

1.  Recent  Discoveries  in  Arran  Geology. 
By  WILLIAM  GUKN,  of  H.M.  Geological  Survey  of  Scotland. 

In  the  last  ten  years  very  important  additions  have  been  made  to  our  know- 
ledge of  the  geology  of  Arran  both  in  the  aqueous  and  in  the  igneous  rocks  of  the 
island. 

1  Quart.  Journ.  Geol  Soc.,  vol.  jvii.  p.  226  (1901). 

2  Trans,  (feol.  fttc.  Edin>>  vol.  ii.  p.  305. 
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Among  the  older  rocks  a  series  of  dark  schists  and  cherts  has  been  discovered 
in  North  Glen  Sannox.  They  are  probably  of  Arenig  age,  though  no  organic 
remains  have  been  found  in  them,  are  closely  related  to  the  rocks  of  Ballantrae  in 
Ayrshire,  and  similar  beds  occur  in  various  places  along  the  Highland  border 
where  they  have  been  described  by  Messrs.  Barrow  and  Clough.  In  the  isle  of 
Arran  these  rocks  are  intimately  connected  with  the  Highland  schists. 

The  Old  Red  Sandstone  of  Arran  has  been  found  to  comprise  two  subdivisions, 
and  in  North  Glen  Sannox  the  upper  division  is  unconformable  on  the  lower. 
This  formation  is  not  confined  to  the  ground  north  of  the  String  road  as  generally 
supposed,  but  extends  in  places  tbrea  miles  to  the  south  of  that  road,  being  well 
developed  in  the  Glachan  Glen,  where  it  is  much  metamorphosed  by  intrusive 
igneous  rocks.  No  fossils  have  been  found  in  the  Old  Red  Sandstone  of  Arran 
except  Psilophyton  princeps,  specimens  of  which  have  been  obtained  from  the 
lower  division  in  Glen  Shurig. 

The  Carboniferous  formation,  fine  sections  of  which  occur  on  the  shore  at 
Corrie  and  at  Laggan,  is  now  known  to  occupy  but  a  small  portion  of  the  area  of 
the  island.  Near  Brodick  Castle  and  in  Glen  Shurig-  its  width  of  outcrop  is  not 
much  more  than  200  yards,  and  it  does  not  reach  the  western  shore,  being  over- 
lapped in  the  interior  by  unconformable  beds  of  New  Red  Sandstone.  Beds 
probably  of  Coal  Measure  age  with  characteristic  Upper  Carboniferous  fossils  have 
been  recognised  at  Sliddery  Water  Head,  Corrie,  The  Cock,  and  in  various  other 
places,  but  these  have  no  great  thickness  and  contain  no  seams  of  coal.  They 
represent  apparently  the  basement  beds  of  the  Coal  Measures. 

The  stratified  rocks  of  the  southern  part  of  the  island,  consisting  of  red  sand- 
stones, conglomerates,  and  marls,  have  been  proved  to  repose  unconformably  on  the 
Carboniferous  formation  and  in  places  they  contain  derived  pebbles  with  Carboni- 
ferous fossils.  All  the  evidence  points  to  their  being  of  Triassic  age,  and  they  may 
easily  be  divided  into  two  series,  the  lower  of  which  probably  represents  the  Bunter 
sandstone,  and  the  upper  the  Kouper  marls.  These  Triassic  rocks  occupy  the 
whole  of  the  coast  from  Corrie  southwards,  around  the  south  end  of  the  island,  and 
the  west  coast  up  to  Machrie  Bay,  where  they  appear  to  lie  conformably  on  the 
Old  Red  Sandstone.  They  also  form  a  small  area  in  the  north-eastern  part  of  the 
island  near  The  Cock. 

That  still  more  recent  formations  once  existed  in  the  island,  whence  they  have 
been  removed  by  denudation,  is  proved  by  the  presence  of  fragments  of  Rh&tic, 
Liassic,  and  Cretaceous  rocks  in  a  large  volcanic  vent  which  is  probably  of 
Tertiary  age.  These  fragments  occur  on  the  western  side  of  the  island  in  the 
district  of  Shisken,  on  the  slopes  of  Ard  Bheinn,  and  they  have  yielded  a  con- 
siderable number  of  characteristic  fossils  which  have  been  examined  and  deter- 
mined by  Mr.  E.  T.  Newton. 

Some  of  the  most  important  of  the  discoveries  are  those  connected  with  the 
old  volcanic  rocks  of  the  island. 

A  series  of  interbedded  lavas  and  tuffs  is  found  in  North  Glen  Sannox  associated 
with  the  schists  and  cherts  previously  mentioned.  Like  them  they  are  probably 
of  Arenig  age  and  closely  related  to  similar  rocks  at  Ballantrae  in  Ayrshire. 

Two  distinct  volcanic  platforms  have  been  found  in  the  Old  Red  Sandstone 
of  the  island.  One  set  of  basic  lavas  is  intercalated  in  the  lower  division  on  the 
west  side  of  the  island,  and  another  occurs  in  the  upper  division  of  North  Glen 
Sannox. 

In  addition  to  the  volcanic  series  previously  known  in  the  Lower  Carboniferous 
rocks  two  others  have  been  discovered  in  the  upper  part  of  the  formation. 

That  the  island  was  the  seat  of  volcanic  activity  in  times  still  more  recent  is 
proved  by  the  recognition  of  a  large  volcanic  vent  in  the  Shiskin  district,  which 
must  be  of  post-Cretaceous  age,  as  shown  by  some  of  the  fragments  it  includes. 

From  these  facts  we  conclude  that  the  island  has  been  the  scene  of  volcanic 
action  at  no  less  than  seven  different  periods. 

Much  has  also  been  learned  with  regard  to  the  distribution  and  age  of  the 
various  intrusive  igneous  rocks.  Two  masses  of  a  somewhat  intermediate 
character  found  m  Glen  Rosie  and  in  Glen  Sannox  are  probably  of  Old  Bed  Sand- 
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stone  age,  but  nearly  the  whole  of  the  varied  igneous  rocks  of  the  island  must 
now  be  assigned  to  the  Tertiary  period,  not  excepting- the  well-known  granite  mass 
of  the  northern  part  of  the  island.  The  finer  granite  which  occupies  the  interior 
of  the  nucleus  has  a  tortuous  boundary.  It  is  clearly  intrusive  in  the  coarse 
granite  which  surrounds  it,  but  both  belong  practically  to  the  same  period,  as  they 
have  one  and  the  same  system  of  jointing. 

The  ring  of  granite,  granophyre,  and  quartz  diorite  which  surrounds  the  large 
volcanic  vent  was  previously  little  known,  and  the  other  numerous  and  varied 
intrusive  masses,  both  acid  and  basic,  which  occur  in  the  inland  were  but  poorly 
represented  on  existing  maps. 

2.  On  Variation  in  the  Strata  in  the  Eastern  Highlands. 
By  GEORGE  BARROW,  //.  J/".  Geological  purvey. 

[Communicated  by  permission  of  the  Director  of  the  Geological  Survey.] 

In  mapping  the  group  of  rocks  associated  with  the  well-known  Quart zite  and 
Limestone  in  the  Eastern  Highlands,  it  has  been  found  that  there  is  an  incessant 
variation  in  the  lithological  characters  of  the  group,  which  is  sometimes  abrupt. 
Detailed  examination  has  shown  that  throughout  that  belt  the  same  type  of 
section  or  succession  reappears  after  pas.ving  a  number  of  variations. 

The  phenomena  are  supposed  by  the  author  to  be  due  to  the  strata  having 
been  deposited  by  numerous  branches  of  a  large  river  flowing  through  a  delta. 
Each  branch,  by  a  natural  process  of  fanning,  deposits  sand  near  its  month,  and 
finer  mud  further  seawards.  Where  the  fans  of  sand  are  far  apart,  the  fine  mud 
deposited  between  them  will  assume  a  fairly  constant  composition,  because;  all 
the  streams  tap  a  common  source  of  material  before  the  river  divides  into  branches 
in  the  delta. 

The  recurrence  of  one  particular  type  of  section,  which  is  easily  recognised  in 
the  field,  may  be  explained  by  the  supposition  that  the  materials?  of  which  the 
strata  are  composed  were  laid  down  as  mud  or  other  fine  sediment,  which  may 
be  readily  detected  by  means  of  the  special  minerals  present,  when  the  rocks  are 
metamorphosed.  The  abruptness  of  the  changes  seen  in  the  sections  may  be  due 
to  the  intense  folding  of  the  Highland  rocks  ;  for  materials  originally  some  little 
distance  apart  are  brought  into  close  proximity,  and  the  transition  which  once 
existed  is  cut  out  at  the  surface  by  the  folding. 


3.  On  the  Crystalline  Schists  of  the  Southern  Highlands.  Their  Physical 
Structure  and  its  Probable  Manner  of  Develop  nent.  By  PETER 
MACNAIR. 

The  area  under  notice  is  defined  as  that  lying  immediately  to  the  north-west, 
of  the  great  boundary  fault  which  crosses  Scotland  from  the  Firth  of  Clyde  to 
Stonehaven.  An  account  is  then  given  of  the  various  opinions  that  have  been 
held  concerning  the  structure  of  this  region  since  the  time  of  Macculioch  up  to 
the  present  day.  The  author  then  proceeds  to  show  that  the  schist  zones  traverse 
this  region  in  roughly  parallel  bands,  and  described  a  series  of  sections  at  right 
angles  to  the  strike  of  the  principal  foliation  of  the  area.  The  following  is  a 
summary  of  his  conclusions  regarding  the  stratigraphy,  physical  structure,  and  the 
manner  of  its  development  in  this  part  of  the  Scottish  Highlands : — 

1.  The  sedimentary  schists  of  the  Highlands  proceeding  from   the  margin 
inwards  may  be  divided  into  the  following  zones: — Lower  Argillaceous  zone, 
Lower  Arenaceous  zone,  Loch  Tay  Limestone  zone,  Uarnetiferous  Schist  zone, 
Upper  Argillaceous  zone,  Upper  Arenaceous  zone.     Associated  with  these  are 
acnists  of  igneous  origin.    It  is  probable  that  these  zones  are  capable  of  still 
further  subdivision,  but  this  is  not  attempted  yet. 

2.  From  an  examination  of  the  relationships  of  these  different  zones,  the  order 
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as  given  above  appears  to  be  an  ascending  one,  proceeding  from  the  margin 
inwards,  the  well-marked  zone  known  as  the  Loch  lay  Limestone  forming  a  sort 
of  datum  line,  from  which  one  can  recognise  the  positions  of  the  lower  and  upper 
schists. 

3.  It  is  supposed  that  the  movements  which  plicated  the  rocks  of  the  Highlands 
were  directed  from  the  centre  outwards,  or  from  the  N.W.  towards  the  S.E.    This 
is  shown  by  the  fact  that  where  the  bedding  can  be  traced  the  overfolding  is 
generally  towards  the  S.E.     Also  the  foliation,  where  it  has  been  folded,  faces  in 
the  same  direction. 

4.  In  the  eastern  part  of  the  region  we  suppose  that  the  bedding  has  been 
folded  into  a  series  of  isoclines  facing  the  south-east,  and  that  a  foliation  has  been 
developed  roughly  parallel  to  the  axes  of  the  folds  in  the  bedding,  thus  making 
the  foliation  appear  to  be  roughly  coincident  with  the  original  planes  of  stratifica- 
tion.    At  Comrie,  in  Perthshire,  the  axes  of  the  isoclines  in  the  bedding  are  nearly 
vertical,  but  with  a  slight  hade  towards  the  N.W.     The  axes  of  the  isoclines  get 
gradually  lower  and  lower  as  we  proceed  towards  Loch  Tay.     In  the  same  way 
the  foliation  planes  are  nearly  vertical  along  the  frontier,  but  get  flatter  and  flatter 
as  we  proceed  northwards. 

5.  In  tracing  these  rocks  towards  the  south-west  an  increasing  crumpling  and 
folding  of  the  foliation  planes,  accompanied  by  more  intense  metamorphism,  is  seen 
to  take  place :  this  is  made  evident  in  approaching  the  shores  of  Loch  Katrine  and 
Loch  Lomond,  but  it  seems  to  have  reached  its  maximum  in  Cowal. 

6.  In  Cowal,  along  the  Firth  of  Clyde,  the  position  of  the  foliation  planes  has 
been  reversed,  now  dipping  towards  the  south-east.     Between  the  Firth  of  Clyde 
and  Loch  Fyne  the  foliation  planes  have  been  much  crumpled,  and  still  later 
divisional  planes  have  been  developed  in  them,  this  being  a  region  of  the  most 
intense  metamorphism. 


4.   The    Granite   of  Tulloch   Burn,  Ayrshire. 
By  Professor  JAMES  GEIKIE,  F.R.S,,  and  JOHN  S.  FLETT,  M.A.t  D.$c. 

The  granite  of  Tulloch  Burn,  Ayrshire,  is  a  small  mass  occupying  an  area  of 
three  or  four  square  miles  on  the  headwaters  of  the  Irvine  and  the  Avon.  Much 
of  the  outcrop  is  covered  with  drift  and  peat,  but  good  exposures  of  the  granite  and 
the  contact  altered  rocks  can  be  obtained  in  the  Tulloch  Burn,  a  tributary  of  the 
Irvine  and  on  the  Avon.  The  prevalent  type  is  a  flesh-coloured  biotite-granite, 
which  often  contains  hornblende  and  sometimes  decomposed  augite.  This  passes 
at  its  margins  into  rocks  of  intermediate  or  basic  composition,  which  include 
various  types  of  diorite,  hyperite,  and  gabbro.  The  evidence  points  to  the  origin 
of  these  rocks  by  a  process  of  differentiation,  and  both  in  this  respect  and  in  the 
rock  species  which  have  been  developed  the  resemblance  to  the  granites  of  the 
Southern  Uplands  is  very  close.  The  material  microscopically  examined 
includes: — -Graphic  Granite  and  Granophyric  Granite  (in  .a^cr^nti^n  veins) ; 
Biotite  Graniie,  Biotite  Hornblende  Granite,  Biotite  Augite  (inmiir;  Tonalite 
(intermediate  between  Hornblende  Biotite  Granite  and  Diorite) ;  Quartz  Horn- 
blende Diorite,  Quartz  Augite  Biotite  Diorite,  Quartz  Hypersthene  Diorite ; 
Biotite  Augite  Diorite,  Hornblende  Diorite,  Hypersthene  Diorite;  Hyperite  and 
Gabbro. 

This  mass  is  intrusive  into  the  Lower  Old  Red  Sandstone,  which  at  Lanfiue,  a 
little  west  of  this,  has  yielded  Cephalaspis  Lyelli.  The  Old  Red  Sandstone  is 
indurated  and  often  hornfelsed  to  a  varying  distance  from  the  margin.  The  new 
minerals  developed  are  Augite,  Hornblende,  Biotite,  Magnetite,  Tourmaline, 
Spinel,  and  possibly  Sillimanite  ;  Caicite,  Chlorite,  and  Epidote  are  often  present, 
but  appear  to  be  secondary  after  some  of  those  mentioned. 

Many  dykes  penetrate  the  sandstones,  and  most  of  these  are  undoubtedly 
r.r  : '  ;. «  -  f  the  Granite.  They  are  mostly  Diorite  Porphy rites  or  Quartz  Diorite 
I  ':•}••  r  which  may  contain  Biotite,  Augite,  Hornblende,  or  Hypersthene. 
Syenite  Porphyries  also  occur,  and  occasionally  small  veins  of  more  acid  character, 
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which  may  be  considered  coarse-gained  Granophyres.  In  addition  to  these  there 
are  several  dykes  of  Olivine  Dolerite  and  Andesitic  Basalt,  but  these  are  not  known 
to  be  genetically  connected  with  the  Granite. 


5.  On  Crystals  dredged  from  the  Clyde  near  Helensburgh,  with  Analyses 
by  Dr.  W.  POLLARD.     By  J.  S.  FLETT,  M.A.,  D.Sc. 


6.  Note  on  a  Phospliatic  Layer  at  the  Base  of  the  Inferior  Oolite  in  Skye 
By  HORACE  B.  WOODWARD,  F.ft.fl.,  of  the  Geological  Survey. 
[Communicated  by  permission  of  the  Director  of  the  Geological  Survey.] 

At  the  southern  end  of  the  great  cliffs  of  Ben  Tianavaig,  south  of  Portree,  in 
Skye,  the  basement  beds  of  the  Inferior  Oolite,  which  contain  large  do<rger-like 
masses  of  calcareous  sandstone,  rest  in  a  hollow  of  the  Upper  Lias  Shales,  owing 
to  local  and  to  a  certain  extent  contemporaneous  erosion,  Lining  this  hollow 
there  is  an  irregular  and  nodular  band,  two  or  three  inches  thick,  of  dark  brown 
oolitic  and  phosphatic  rock;  a  fact  of  interest,  as  instances  of  local  erosion  are  often 
attended  by  the  accumulation  of  phosphatic  matter  in  beds,  nodules,  and  derived 
fossils. 

Mr.  George  Barrow,  who  made  a  rough  analysis  of  the  rock,  estimated  the 
amount  of  phosphate  of  lime  at  about  60  per  cent. ;  and  Mr.  Teall,  who  examined 
a  section  under  the  microscope,  noted,  in  addition  to  the  oolite  grains,  fragments  of 
raolluscan  shells  and  echinoderms,  and  foraminifera,  in  a  iinely  granular  matrix 
formed  of  calcite.  He  observed  that  the  central  portions  of  some  of  the  oolite 
grains  were  formed  of  a  nearly  isotropic  brown  substance  in  which  the  typical 
concentric  structure  of  the  oolite  grains  was  well  preserved.  This  substance  was 
no  doubt  phosphatic.  

7.  Further  Note  on  the  Westleton  Beds. 
By  HORACE  B.  WOODWARD,  F.R.S. 

In  a  paper  read  before  the  British  Association  in  1882  (printed  in  full  in 
'  Geol.  Mag.'  for  1882,  p.  452)  evidence  was  brought  forward  for  r«  -nrdinjr  the 
Westleton  Beds  of  Westleton  as  part  of  the  Middle  Glacia]  -liv^u-:.  of 
S.  V.  Wood,  jiui.  Sections  examined  during  the  present  year  at  Pakefield, 
Kirklev,  and  Oulton,  near  Lowestoft,  support  the  author's  contention.  Thus 
beneath  the  Grand  Hotel  at  Kirkley  the  clilF  shows  a  mass  of  shingle  (identical 
in  character  with  tho  Westleton  Beds)  dovetailing  into  the  undisputed  Middle 
Glacial  sands,  which  a  little  further  south  are  overlaid  by  tho  Chalky  Boulder 
(-lay.  Evidence  of  a  like  character  is  to  be  obtained  near  Hales  worth,  where 
the  shingle-beds  seen  south-east  of  the  railway  station  would  be  grouped  un- 
questionably with  the  Westleton  Beds,  and  also  (in  the  author's  opinion)  with 
the  shinglv  beds  in  the  Middle  Glacial  sands  east  of  Oulton  station  and  at 
Kirkley.  " 

Attention  is  drawn  to  sections  where  a  newer  gravel  is  so  welded  on  to  the 
Middle  Glacial  gravel  as  to  appear  in  places  quito  conformable.  Similar  pheno- 
mena observed  at  the  junction  of  ( -retnceous  and  Eocene  clays  in  Egypt  have 
been  aptly  referred  to  by  Mr.  II.  J.  L.  Beadnell  as  *  itncvnformabh  pawage-beds! 

8.  Report  on  the  Collection  and  Preservation  of  Photographs  of  Geological 
Interest. — See  Reports,  p.  339, 
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FRIDAY,  SEPTEMBER  13. 
The  following  Papers  were  read : — 

1.  Time  Intervals  in  the  Volcanic  History  of  the  Inner  Hebride$* 
By  Sir  ARCHIBALD  GEIKIE,  &.C.L.y  F.R.S. 


2,  The  Sequence  of  the  Tertiary  Igneous  Eruptions  in  Skye.1 
By  ALFRED  HABKER,  M.A.,  F.G.S. 

As  regards  the  sequence  of  the  varied  succession  of  Tertiary  igneous  eruptions, 
the  isle  of  Skye  may  probably  be  taken  as  a  type  of  the  whole  British  area. 
Igneous  activity  passed  successively  through  three  phases:  the  volcanic,  the 
plutoniCf  and  the  phase  of  minor  intrusions.  It  is  important  further  to  recognise 
two  parallel  series  of  events,  the  regional  and  the  local ;  the  former  of  very  wide 
extension,  the  latter  connected  with  certain  definite  foci,  one  of  which  was  situated 
in  Central  Skye.  The  groups  of  rocks  having  a  regional  distribution  are  all  of 
basic  composition,  but  the  local  groups  exhibit  much  greater  diversity.  During 
the  plutomc  phase,  when  regional  activity  was  in  abeyance,  the  successive  groups 
of  intrusions  at  the  Skye  centre  followed  an  order  of  increasing  acidity  (ultrabasic, 
basic,  acid) ;  but  for  the  local  groups  of  the  succeeding  phase  of  minor  intrusions 
this  order  was  reversed. 

3.  On  the  Relations  of  tlw  Old  JRed  Sandstone  of  North-west  Ireland  to 
the  adjacent  Metamorphic  Rocks,  and  its  similarity  to  the  Torridon 
Rocks  of  Sutlwrland.     By  ALEX.  McHENRY  and  JAS.  II.  KILROE. 

The  Old  Red  Sandstone  of  North-west  Ireland  has  been  affected  by  earth 
stresses  in  pre-Carboniferous  times,  resulting  in  a  system  of  reverse  faults  and 
thrust-planes.  This  system  strikes  north  north-eastward,  and  if  continued,  as  is 
probable,  should  be  represented  in  the  region  of  Sutherland  and  Ross.  We  sug- 
gest it  is  found  in  the  great  system  of  thrusts  which  affects  the  structure  of  the 
.North-west  Highlands. 

The  long-recognised  resemblance  of  the  Torridon  Rocks  in  Sutherland  to  the 
Old  Red  Sandstone,  especially,  as  we  hold,  to  the  Old  Red  of  Donegal,  Tyrone, 
and  Mayo — both  as  regards  its  general  lithological  characters,  contained  nibbles 
and  relations  to  the  underlying  metamorphic  rocks,  the  disposition  of  the  strata, 
their  striking  horizontality  in  places,  and  strong  resemblance  of  physical 
features — is  fairly  suggestive  of  the  contemporaneity  of  the  two  groups,  a  view 
rendered  quite  possible  by  the  above-mentioned  system  of  N.N.E.  thrust-planes. 

Our  post-Old  Red  thrust-planes  are  in  places 'lined  with  broken-up  debris,  in 
some  cases  strongly  resembling  conglomerates  of  deposition,  and  giving  to  the 
older  rocks  a,p*eud~o  base,  apparently  derived  from  the  newer  rocks,  or  newer  and 
older  mingled.  This,  we  suggest,  may  be  the  case  with  the  base  of  the  Durness 
series,  and  the  comparatively  friable  nature  of  the  sandstone  and  conglomerates 
would  admit  of  easy  movement  en  masse  of  the  lower  members  of  the  Durness 
series  in  overriding  the  Torridon  when  once  a  thrust-plane  became  initiated. 


4.  On  the  Relation  of  the  Silurian  and  Ordovician  Rocks  of  North-ivest 
Ireland  to  the  Great  Metamorphic  Series.  By  JAS.  R.  KILROE  and 
ALEX.  MCHENRY. 

Upper  Silurian  rocks,  as  high  as  Wenlock,  have  been  metamorphosed  along 
the  Croagh  Patrick  range,  which  led  to  their  inclusion  in  the  great  metamorphic 

1  Published  in  full  in  the  Geological  Magaz\ne%  November  1901,  pp.  506-509, 
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group  when  the  ground  was  originally  mapped.  The  corresponding  rocks  of 
Wemock  age  on  the  south  margin  of  the  Mayo  and  Galway  Silurian  basin,  near 
Killary  Harbour,  are  not  metamorphosed,  and  rest  unconformably  upon  the  meta- 
morphic  group. 

This  stratigraphical  break  has  for  many  years  been  supposed  to  form  an 
insuperable  objection  to  the  acceptance  of  Murchison's  conjecture  that  the  meta~ 
morphic  rocks  of  Galway,  Mayo,  &c.,  are  altered  representatives  of  the  Lower 
Silurian  or  Ordovician  rocks.  This,  however,  is  not  an  obstacle,  for  a  break, 
accompanied  by  overfolding  and  possibly  metamorpliism  of  Lower  Silurian  strata, 
has  been  proved  to  have  occurred  in  Llandovery  times,  which  admitted  of  Wenlock 
or  possibly  Tarannon  beds  being  unconformable  to  unmet amorphosed  Lower 
Silurian,  as  well  as  to  the  metamorpbic  group.  All  this  happened  prior  to  a 
second  violent  disturbance  and  overfolding  which  accompanied  the  metamorphism 
of  Wenlock  strata  already  mentioned,  and  which  occurred  in  Ludlow  times. 

A  comparison  of  the  Lower  Silurian  series  in  the  west  of  Ireland  with  the 
metamorphic  group  of  the  same  region  and  Donegal  shows  so  strong  a  resemblance 
between  them — as  regards  the  litholugical  characters  of  individual  members  in 
their  original  form,  their  order  of  succession,  and  certain  peculiar  coincidences  of 
associated  sedimentary  components,  described  in  detail  in  the  paper — that  it 
forms  a  creditable  prima  facie  argument  for  their  correlation. 

One  instance  may  here  be  mentioned.  At  Westport  and  Achill  33eg  thick 
bands  of  fine  conglomerate,  associated  with  black  slate,  occur  as  un  integral  part 
of  the  metamorphic  grnU}>,  while  on  the  south  shore  of  Clew  Hay  thick  bands  of 
fine  conglomerate — very  similar  in  character  to  those  in  Achill  Beg — occur  in 
association  with  black  slate,  which,  though  Huflieiently  crushed  to  justify  their 
inclusion  by  the  original  surveyors  in  the  metamorphic  ground,  are  now  known 
to  be  of  Lower  Silurian  ape,  identical  with  rocks  of  this  age  in  Clare  Island. 

The  chief  objection  to  ascribing  the  metamorphic  rocks  of  Mayo  and  Galway 
to  the  Lower  Silurian  age  has  been  the  present  difference  of  condition  between 
them  and  the  f.H>il-beiiriiig  Lower  Silurians  of  the  adjoining  area.  This  differ- 
ence seems  to  it*  explicable  by  conceiving  that  the  great  dislocation  which  occurred 
in  Llandovery  times,  and  occasioned  an  inversion  of  strata  by  overfolding  at 
Salrock  between  the  Killaries,  carried  unmet amorphosed  Lower  Silurian  rocks 
about  Leenane  against  and  over  rooks  of,  say,  the  same  n«ref  near  Leenane,  which 
had  undergone  metamorphism  in  connection  with  granitic  intrusions.  These  may 
be  seen  in  the  vicinity  of  Kylemore.  Unfortunately  the  great  zone  of  break  is 
now  concealed  by  newer  strata,  and  further  is  obscured  and  complicated  by  post- 
Ludlow  faults. 

5.  Notes  on  the  Irish  Primary  Rocks,   with  their  associated  Granitic  and 
Metainorphic  JKocks.     liy  G.  H.  KIN  AH  AX,  M.R.I.  A. 

In  this  communication  the  writer  points  out  that  in  previous  writings  he  has 
insisted  that  in  Ireland  there  were  no  Laurentians,l)ecause  no  Irish  rocksas  a  Terrane 
were  similar  to  the  original  Laurent  inns.  Now,  howe\  er,  ho  has  learned  that  the  late 
Dr.  (f.  M.  Dawson  and  other  American  geologists  class  the  questionable  Grenville 
series,  although  in  part  evidently  clastic  and  volcanic,  as  Laurentian.  Conse- 
quently, if  this  is  allowed,  there  are  also  Laurentians  in  Ireland  and  Scotland. 

A  short  review  of  the  American  pre-1'alteozoic  rocks  and  a  table  of  the  classi- 
fications adopted  in  the  United  States  and  in  the  Dominion  are  givon  with  Dawson's 
reasons  for  his  objection  to  the  former,  as  in  it  the  Animikie  and  Iluronian 
are  classed  together  under  one  title,  Algonkmn,  although  there  is  n  profound  break 
between  them.  Dawsou  seems  to  believe  the  Animikie  and  the  Keweenawan  are 
more  allied  to  the  Palaeozoic  than  to  the  Archuwn  :  in  the  latter  he  would  only 
include  the  Iluronian  and  the-  Laurentian. 

A  table  of  the  Pahvozoic  rocks,  similar  to  that  in  the  *  Economic  Geology  of 
Ireland/  isgiven  and  short  descriptions  of  the  difVereut.  strata.  This  is  succeeded  by 
a  general  description  of  the  different  areas  of  the  Irish  pro-Palaeozoic  rocks,  more 
especially  those  of  Donegal  and  Galway.  These  two  areas  are  subsequently  tabled 
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as  below,  and  the  paper  is  concluded  with  a  short  discussion  on  the  right  to  call 
any  of  the  American,  Scottish,  or  Irish  rocks  the  great  complex. 

In  a  paper,  'A  New  Reading  of  the  Donegal  Rocks '  (see  'Proe.  R.D.S.,'  vol.  vii. 
(n.s.),  part  9,  p.  14  et  seq.)  and  in  the  '  Manual  of  the  Geology  of  Ireland/  lists 
of  the  JJonegal  and  Galway  and  Mayo  strata  are  given :  the  first  we  may  copy ;  the 
second  has  to  he  modified  to  come  up  to  our  present  knowledge.  These  lists  may 
be  tabulated  for  comparison. 

Donegal. 
TEHRAN B  No.  I.  (Laurentian  ?) 

Granitic  gneisses,  micalitic  quartzose 
gneiss,  and  subordinate  limestone. — This 
Terrane  was  invaded  by  an  albitic  granite, 
and  it  and  other  granites  are  solely  ad- 
juncts of  the  area  not  penetrating  the 
overlying  basement  great  quartzite  of 
the  Terrane  No.  III. 

Base  not  insille. 

TERRAXE  No.  II.  (Huronians  or  a  new 
Terrane.) 

1.  Gneiss,  schists,  many  hornblendes, 
with  limestone  zones,  quartzitic  gneiss, 
and    garnetiferous    limestones.       This 
Terrane  was    invaded    by    the    typical 
porphyritic   oligoclase   Donegal   granite 
with  its  adjunct  the  foliated  granite  or 
granitic  gneiss,  latter  by  other  granites, 
all  older  than  the  overlying  basement 
quartzites  of  Terrane  No.  III. 

Base  not  exposed. 

2.  Gregory  Hill  schist  series,  a  series 
of  various  schists  with  below  them  beds 
of  hornblende  rocks    and  one  or  two 
limestones.     In  one  place  a  fine  gneiss 
that  seems  to  be  metamorphosed  f  elstone. 

Base  not  exposed. 

Profound  unconform  ability. 
TERRANE  No.  III.  (Keweenawan?) 

1.  The  basement  strata  are  the  great 
quartzite  with,  under   it  in   places,  an 
agglomerate  but  more  often  a  greenish 
rock,    often     quartzitic,    in   which    are 
scattered  widely  disseminated   rounded 
pieces  of  granite  and  gneiss  from  the 
Terrane  that  may  be  under  it  (No.  I.  or 
II.).    Limestones  or  dolomites  are  also 
found,  but  only  in  a  few  places.    The 
dolomites     are     associated    with    the 
agglomerates,  and  may  be  methalosis 
igneous  rocks. 

2.  Cranford  limestone,  dolomite,  and 
sericitic  series. 

3.  Lough    Keel    or    Millford  schist 
series. 

4.  Killygarvan  volcanic  series. 

6.  Killygarvan  quartzitic  grit  series. 

6.  Lubber   volcanic   and    limestone 
aeries. 

7.  Barn  Hill  grit  series, 


Galway  and  Mayo. 

(Laurentian  ?) 

Various  gneisses,  schist  in  places; 
zones  of  hornblendite.  Large  and  long 
intrudes  of  hornblende  rocks,  some  ex- 
cessively developed.  These  were  in- 
vaded by  the  Galway  type  granite  and 
its;  ,-••-•"••  -•  -*!v  r-ranitic  gneiss. 

Over  these  a  profound  unconform- 
ability. 

(Huronians  or  a  newer  Terrane.) 

The  unconformable  basement  rock 
is  a  conglomerate  exceedingly  altered, 
various  gneisses,  schists,  and  quart- 
zitic  gneisses,  with  a  few  subordinate 
limestones.  In  it  are  long  intrudes  of 
hornblende  rock,  sometimes  tremolite 
rock,  ophite,  and  elelagitc.  This  Terrane 
was  invaded  by  the  Omylite  granite, 
which  usually  is  not  accompanied  by 
granitic  gneiss,  but  some  of  the  outlying 
long  intrudes  are,  and  in  them  i» 
immolated  the  basement  conglomerate. 
On  the  rocks  of  this  Terrane  are  found 
the  basement  great  quartzites  of 
Terrane  No.  III. 

Profound  unconformability. 

1 .  The  basement  stratum  is  a  schistose 
conglomerate  under  the  great  quartzite, 
with  which  the  conglomerate  limestone 
in  places  seems  to  be  associated. 


2.  Limestone,    ophiolite,     dolomite, 
with  schist  underneath. 

3.  Quartzite  and  micalite  series. 

4.  Streamtown  limestone  and  ophio- 
lite  series. 

5.  Micalite  series. 
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Qalway  and  Mayo. 

Probable   unomtformability   concealed 
under  the  Killary  and  pantry  Silurians. 

1.  Basement  beds  unknown. 

2.  Shales,  slates,  and  grits  with,  in 
places,  Ordovician  fossils. 

3.  Massive  grits. 


Donegal. 

Profound  unconformaUlity. 
TEBRANE  No.  IV.  (Ordovician.) 

1.  Basement   stratum    mullaghsaw- 
nite,  a  firm  conglomerate,  in  part  arkose. 

2.  Raphoe  limestones  and  shales. 

3.  olates  with  irregular  masses  and 
beds  of  sandstones,  partly  arkose.  These 
sandstones,  sometimes  pebbly,  have  re- 
gular oblique  systems  of  joining.  Usually 
these  joints  are  so  close  together  as  to 
give  the  rocks  the  appearance  of  piles 
of  huge  books. 

4.  Shales  like  those  in  No.  1,  but 
sub-  metamorphosed . 

5.  Shot  conglomerate. 

6.  Sandstones  with  irregular  thin  beds 
and  pantry  of  a  friable  pebbly  rock. 

7.  Dark  slate. 

The  Lough  Keel  series,  No.  •*',  Terrune  ill.,  is  the  upper  portion  of  the  Millford 
series,  pushed  into  its  pros*  »it  position  by  an  overthru^t :  it  iv  separated  from  the 
Killygarvun  volcanic  series  by  a  master  fault.  Between  the  series  4  and  5, 
rrerfan«  IV.  (Qahvay  and  Mayo),  there  may  be  tin  unconformability,  and  the  shot 
conglomerate  may  be  the  equivalent  of  the  mullaphsawmte  of  the  co.  Donegal;  a 
break  here,  however,  wa*  not  proved.  The  only  series  in  the  Terraces  in  both 
columns,  the  age  of  which  has  been  proved  hy  their  fossils,  are  those  numbered 
2,  3,  and  4  in  the  counties  Galway  and  Mayo:  these  are  the  equivalents  of  the 
Ordovician. 

Dawson  in  his  address  to  the  Geological  Section  at  Toronto  states  his  disbelief 
in  the  basement  complex.  A.  C1.  Lawson,  in  his  paper  *  On  Internal  Relation  and 
Taxonomy  of  the  Archeau  of  Central  Canada'  (1 890),  Fe«*ms  to  be  of  a  similar 
opinion ;  while  Van  Ilise  in  his  writings  only  gives  a  half-hearted  consent ;  the 
writer  finds  it  hard  to  believe  in  it.  The  section  of  the  Laurentians  shown  in  the 
ciills  of  the  Saguenay  Fiord  is  said  to  lie  a  typical  one;  and  here,  between  the 
river  St.  Lawrence  and  the  Labradorian  of  St.  John,  there  are  various  changes — 
foliated  granite,  granitic  gneiss,  felspathic  varieties,  and  quartzitic  varieties— that 
would  seem  to  suggest  that  the  rocks  were  not  one  basement  complex,  but  that 
they  had  been  supplied  from  zones  of  distinct  magmas  as  long  njro  suggested  by 
Delesse.  Then  we  come  to  the  Labradorians  of  St.  John.  These  in  aspect  are  most 
ancient,  the  foliation  being  extraordinary,  so  as  not  to  be  believed  in  except  seen, 
some  of  the  measured  leases  of  quartz" and  felspar  being  from  0  to  12  ft.  and 
more  long.  Yet  on  examination  this  rock  in  its  present  position  is  younger  than 
the  Laurent ians,  being  intruded  and  sending  apophyses  into  it ;  hut  in  its  original 
place  it  must  be  older.  If  the  Laurent ian  is  the  basement  complex,  what  is  the 
age  of  the  Nor  ian,  and  what  is  its  genesis?  Similarly  in  Scotland  and  Ireland. 
If  the  Lewisan  or  fundamental  gneiss  is  Laurent  ian  or 'basement  complex,  what  is 
the  age  of  the  granites  and  granitic  gneiss  with  their  apophyses?  Then  there  is 
the  'Old  Hay '  of  Scotland,  called  hornblende  rocks  in  Ireland:  what  is  its  age  and 
genesis  ?  Some,  at  least,  of  the  Scotsmen  say  that  the  Lewisan  gneiss  is  the  torn- 
im  '  Old  Boy.1  *  If  so,  how  did  it  exist,  to  be  torn  up  into  the  basement  complex? 
Tnen  there  are  the  quartzitic  and  highly  felspathic  varieties  of  the  Lewisan  that 
arc  said  to  have  their  origin  in  masses  of  those  classes  of  rocks.  These  are  com- 
plications that  some  people  may  understand,  but  others  do  not  see  their  way 
to  believe  that  FUNDAMENTAL  ROCKS  HAD  THEIR  ORIGIN  IN  PRKPUNDAMENTAL 

ANCESTORS. 


1  There  is  a  vein  of  humour  in  this  Scotch  sobriquet.    The  rock  is  the  '  Old  Bay,' 
and  yet  it  is  to  be  torn  up  for  the  making  of  the  oldest  rocks  on  the  face  of  creation, 
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6.  Some  Irish  Lacoolithic  Hills.     By  G.  H.  KINAHAN,  M.R.LA. 

The  author  begins  by  pointing  out  that  laccoliths  are  not  usually  classed 
among  the  elevators  of  hills.  Of  late  years  Professors  Gilbert  and  Cross,  of  the 
U.S.A.  Survey— although  not  the  pioneers — have  brought  this  prominently 
forward.  A  short  list  of  writers  on  the  subject  is  given.  The  south-east  of 
Ireland — Wicklow,  Wexford,  and  Waterford — is  mentioned  as  the  portion  of  the 
country  in  which  they  are  conspicuous.  Most  of  those  in  Wicklow  and  Wexford 
were  carefully  mapped  and  described. 

Gilbert's  definition  of  a  laccolith,  copied  from  a  letter,  is  given.     T   \  •-"••""i 
differs  from   his   original,  as  in  this  ho  points  out  that    fragments  •   ::•     .-  :: 
the  conduit-pipe  are  usually  found  in  the  laccolith.     This  statement  was  made  in 
a  reply  to  a  query  of  the  writer,  who    in   his  description   of  the  laccoliths 
of  South-east  Ireland  had  specially  mentioned  them. 

A  few  very  characteristic  laccoliths  are  piirtic'iilarly  mentioned,  such  as  the 
range  of  the  Wicklow  and  Wexford  granite  hills,  this  line  of  upheavals  being 
explained  by  diagrams  illustrating  that  the  granite  had  come  up  in  pipes  through 
the  undermost  Oldhamians  (Archaean)  and  lifted  up  the  superior  then  horizontal 
Ordovicians;  so  that  now,  as  a  general  rule,  the  Ordovicians,  not  the  Oldhamians, 
are  in  contact  with  the  granite.  A  few  remarkable  laccolithic  hills  in  other 
parts  of  Ireland  are  also  mentioned. 


7,  The  Geological  Distribution  of  Fishes  in  the  Carboniferous  Rocks  of 
Scotland.     By  Dr.  R.  H.  TRAQUAIR,  F.JR.S. 


8.  The  Geological  Distribution  of  Fishes  in  the  Old  Red  Sandstone  of 
Scotland.     By  Dr.  'R.  H.  TRAQUAIR,  F.R.S. 


9.  Perim  Island  and  its  Relations  to  the  Area  of  the  Red  Sea, 
By  CATHERINE  A.  RAISIX,  D.Sc. 

This  paper  describes  briefly  rock  specimens  from  Peri  in  Island  collected  and 
placed  at  the  disposal  of  the  authoress  by  Mr.  J.  A.  Kupert  Jones  (su\>- 
lieutenant  R.N.R,),  now  stationed  at  Aden. 

The  island,  as  shown  in  the  Admiralty  chart,  has  somewhat  of  a  horse-shoe 
chape,  enclosing  a  harbour  opening  to  the  south.  Low  plains,  less  than  12  feet 
above  sea-level,  extend  in  from  the  coast,  especially  at  the  north,  and  consist  of 
raised  beaches,  but  most  of  the  southern  and  eastern  parts  are  hilly,  reaching 
249  feet  at  the  highest  point. 

The  specimens  received  are  all  from  volcanic  rocks.  The  surface,  according  to 
Mr.  Rupert  Jones,  is  composed  mostly,  to  a  depth  of  about  7  feet,  of  loose 
blocks  (4  feet  or  less  in  diameter),  often  imbedded  in  calcareous  sand  or  mud.  The 
underlying  rock  is  exposed  in  cliffs  and  in  quarries,  and  occurs  generally  in  roughly 
horizontal  layers.  One  mass  in  situ  (near  Balfe  Point)  is  a  not  very  basic  basalt 
(almost  an  andesite)  crowded  with  felspar  microliths  with  marked  fluidai  orienta- 
tion, and  is  probably  a  lava  flow.  Another  reddish  rock  with  scattered  rounded 
vesicles  (from  a  chff  north-east  of  the  harbour)  approaches  a  microcryntallino 
basalt  in  character,  and  consists  of  much  plagioclase,  clear  gum-like  augite,  some 
red  brown  ferruginous  olivine  or  pyroxene,  and  a  little  black  speckled  glassy  base. 
In  another  spot  (near  Balfe  Point)  a  whitish  tuft' or  line  agglomerate  is  quarried, 
and  consists  largely  of  fragments  of  pumice  with  some  broken  felspar,  augite,  and 
other  crystals. 

The  surface  blocks  in  one  or  two  examples  consist  of  fragmental  rocks.  One 
is  a  red  more  basic  tuff,  containing  thin  black  streaks,  apparently  of  a  spherulitic 
glass.  The  blocks,  however,  are  mostly  scoriaceous  and  vesicular,  petrologically 
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generally  basaltic,  and  similar  to  the  underlying-  rocks  described  above,  but  with 
some  variation,  as  if  they  might  represent  a  broken  lava  crust.  They  are  crossed 
by  veins  of  calcite,  and  the  ashy  materials  and  other  fragments  are  often  cemented 
by  calcareous  deposits. 

The  history  of  Perim  Island  belongs  mainly  to  the  Tertiary  era.  We  may 
infer  that  the  Red  Sea,  from  its  general  contours  and  the  steep  descent  of  the  bed 
towards  a  central  depression,  forms  part  of  the  Great  Rift  Valley,  extending  from 
Lake  Tanganyika  to  the  Jordan,  along  Which  at  so  many  places  volcanic  outbursts 
on  a  large  scale  have  occurred.  Both  in  Arabia  and  in  Abyssinia  extensive  tracts  of 
volcanic  rocks  are  found  of  more  than  one  period.  The  rocks  of  Perira  belong 
probably  to  the  later  or  so-called  Aden  group.  The  raised  beaches  of  the  island 
are  an  evidence  of  oscillations  of  level,  which  are  proved  by  upraised  and  submerged 
coral  reefs  to  have  affected  other  parts  of  the  Red  Sea.  Denudation  and  weathering 
of  the  surface  took  place,  and  calcareous  sediment  was  deposited,  while  at  different 
times  coral  reefs  became  established  in  the  adjacent  shallow  seas. 


10.  Artesian  Water  in  the  State  of  Queensland^  Awtralia. 
By  R.  LOGAN  JACK,  LL.D.,  F.G.S. 

The  western  interior  of  Queensland  is  endowed  with  rich  grasses,  but  has  an 
insufficient  rainfall.  This  defect,  however,  has  been  to  some  extent  compensated 
by  the  success  in  boring  for  artesian  water,  which  was  commenced  in  1885,  It  is 
estimated  that  artesian  or  sub-artesian  water  is  to  be  found  beneath  an  area  of 
over  264000  square  miles. 

The  greater  part  of  the  western  interior  of  Queensland  is  composed  of  soft 
strata  of  Lower  Cretaceous  age,  consisting  of  clay-shales,  limestones,  and  sand- 
stones. These  strata  are  so  disposed  that  the  lower  members  of  the  series  crop 
out  on  the  western  flanks  of  the  coast  range,  where  not  only  is  the  elevation  of  the 
surface  greater  than  in  the  downs  to  the  west,  but  the  rainfall  is  also  com- 
paratively  abundant. 

Along  the  eastern  margin  of  the  (1retaceous  area  there  is  a  porous  sandstone  of 
great  thickness,  the  *  Blythosdale  Braystone,'  and  owing  to  the  low  dip  the  outcrop 
of  this  permeable  stratum  occupies  a  belt,  from  live  to  twenty-five  miles  wide ;  but 
the  Braystone  finally  disappears  beneath  the  argillaceous  and  calcareous  upper 
members  of  the  series  which  forms  the  surface  of  the  downs  to  the  west.  Several 
rivers  disappear  while  crOv«sing  the  outcrop  of  the  Braystone,  and  the  water  must 
be  carried  in  it  beneath  the  clay-shales  of  the  pastoral  downs. 

It  is  believed  that  the  subterranean  water  leaks  into  the  Great  Australian 
Bight  between  the  124th  and  134th  meridians  of  east  longitude,  and  perhaps  partly 
into  the  Gulf  of  Carpentaria,  as  the  pressures  in  the  wells  decrease  with  their 
distance  from  the  elevated  outcrop  of  the  Braystone.  Mr.  J.  B,  Henderson, 
hydraulic  engineer,  has  constructed  a  map  showing  lines  of  equal  pressure,  which 
enable  intending  borers  to  judge  whether  or  not,  when  they  strike  water,  it  will 
rise  to  the  surface. 

The  following  statistics  are  from  Mr.  Henderson's  report  for  the  year  ending 
June  30,  1900:— 

Aggregate  depth  of  bores         .        .        .186  miles. 

Number  of  bores 830. 

Number  of  flowing  bores .        .        .        .515. 

Deepest  bore 5040  feet. 

Highest  temperature        .         .        .         .106°  F. 

Largest  flow  of  a  single  bore   .        .        .    6000000  gallons  per  day. 

Total  output  of  the  615  flowing  bores     .    117403574586  gallons  per  annum. 

The  515  wells  would  fill  a  canal  100  feet  wide  and  20  feet  deep,  1779  xnilei 
long,  in  twelve  months ;  or  fill  Loch  Katrine  in  a  year  and  a  half. 
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MONDAY.  SEPTEMBER  16. 
The  following  Papers  and  Reports  were  read: — 

1.  The  Cambrian  Fossils  of  the  North-west  Highlands. 
P>y  B.  N.  PEACH,  F.fi.S. 

[Communicated  by  permission  of  the  Director  of  the  Geological  Survey.] 

The  Cambrian  rocks  of  the  north-west  of  Scotland  occur  within  a  narrow 
belt  of  country,  less  tban  ten  miles  wide,  stretching  from  Uurness  and  Eireboll  to 
Skye,  a  distance  of  1 20  miles. 

The  lowest  member  consists  of  quartzite  500  feet  thick,  the  under  half  of 
which  is  false  bedded  and  devoid  of  organic  remains,  and  the  upper  part  of  which 
is  finer  grained  and  more  evenly  bedded  and  pierced  by  worm  pipes,  '  Scolithus 
linear  is  y  by  means  of  different  forms  of  which  it  can  be  divided  up  into  five 
sub-zones.  The  succeeding  '  fucoid  beds,'  consisting  of  fifty  to  eighty  feet  of  green 
mudstones,  dolomites,  &c.,  have  yielded  three  species  of  Olenellus,  nearly  allied  to 
Olenellus  Thomsvni.  The  serpulite,  grit,  from  ten  to  thirty  feet  thick,  usually 
crowded  with  Salterellus,  has  also  yielded  a  species  of  Olenellua.  It  is  overlaid 
by  a  vast  column  of  dolomite,  limestone,  and  subsidiary  beds  of  chert,  amounting 
in  all  to  1,200  or  1,600  feet  in  thickness.  The  first  thirty  feet  of  the  limestone 
has  yielded  two  species  of  Salterella,  and  the  beds  up  to  that  point  are  looked 
upon  as  the  equivalents  of  the  Olenellus  or  Georgian  Terrane  of  North  America, 
the  whole  facies  of  the  fauna  being  exceedingly  like  that  of  America. 

The  overlying  column  of  dolomite,  &c.,  has  been  divided  into  seven  sub- 
zones,  varying  in  thickness  from  100  to  400  feet,  the  three  uppermost  zones  of  which 
have  yielded  a  fauna  almost  identical  with  that  described  by  Billings  and  others 
from  rocks  which  in  Newfoundland  and  the  St.  Lawrence  region  of  Canada 
underlie  black  shales,  at  Cow  Head  and  Point  Levis,  yielding  a  long  suite  of 
graptolites  characteristic  of  the  Phyllograptm  or  Arenig  zone.  The  Durness 
dolomite  must  therefore  represent  the  Middle  and  Upper  Cambrian  horizons,  and 
perhaps  the  base  of  the  Arenig  of  America  and  Europe. 

As  regards  the  conditions  under  which  these  deposits  were  laid  down,  the 
author  considers  that  the  basal  quartzites  show  proximity  to  a  low  shelving  shore 
line  continuous  across  what  is  now  the  Atlantic  to  America,  more  or  less 
parallel  to  the  shores  of  what  is  now  Western  Scotland,  and  a  little  to  the  north 
of  the  present  area ;  that  owing  to  more  or  less  continuous  depression  of  the  area, 
the  '  pipe  rock  '  was  deported  further  from  shore,  the  '  fucoid  beds  '  representing 
the  period  when  the  '  mud  line '  or  limit  of  sedimentation  was  reached,  while 
the  vast  pile  of  the  Duruess  dolomite  represents  the  debris  of  the  '  Plankton' 
that  fell  on  the  bottom  of  a  clear  though  not  necessarily  a  deep  ocean.  Solution 
of  great  part  of  the  calcareous  ooze  while  exposed  to  the  action  of  sea  water, 
and  perhaps  substitution  of  magnesian  salts  for  calcareous  ones,  changed  the 
calcareous  oozes  into  dolomites,  while  the  chert  beds  represent  the  reasserted 
remains  of  the  silicious  organisms. 

The  author  pointed  out  that  in  Arenig  times  the  sea  over  what  is  now  the 
northern  part  of  the  southern  uplands  of  Scotland  was  also  a  clear  one,  free  from 
terrigenous  sediments,  and  in  which  a  radiolarian  deposit  accumulated.  Jf  the 
rocks  along  the  Highland  border  described  by  Messrs.  Barrow,  Clough,  and 
Gunn  be  the  northern  continuation  of  these  southern  upland  rocks,  then  it  is 
rendered  highly  probable  that  in  late  Cambrian  and  early  Silurian  times  a  clear 
sea  lay  across  what  are  now  the  Highlands  of  Scotland,  which  was  probably  the 
barrier  which  divided  the  Cambrian  faunas  of  America  and  North-west  Hcotland 
on  the  one  side  from  those  of  Wales,  Bohemia,  and  the  Baltic  region  of  Europe 
on  the  other. 
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2.  The  Investigation  of  Fossil  Remains  by  Serial  Sections. 
By  Professor  W.  J.  SOLLAS,  D.Sc.,  F.R.S. 

It  is  now  becoming  increasingly  recognised  that  the  key  to  the  evolution  of 
the  animal  kingdom  is  not  the  exclusive  possession  of  ontogeny  alone,  but  is  shared 
at  least  equally  by  the  sister  science  palaeontology.  The  information  afforded  by 
the  latter  study  is  far  less  than  might  be  justly  expected,  owing  to  the  insuf- 
ficiency of  its  methods.  The  method  of  fossil  sections  has  worked  a  revolution 
in  zoology  since  its  tirst  introduction  some  few  decades  ago.  Could  it  be  applied 
to  fossils  no  less  far-reaching  results  would  naturally  follow  in  palaeontology. 
Serial  thin  sections  for  examination  by  transmitted  light  are,  however,  in 
most  cases  out  of  the  question,  since  they  cannot  be  obtained  in  a  sufficiently 
close  succession.  The  same  objection,  however,  does  not  apply  to  polished 
surfaces  intended  for  observation  under  the  microscope  by  reflected  light. 

These  can  be  obtained  to  almost  any  desired  degree  of  proximity,  and  a 
grinding  machine  designed  for  the  author  by  the  Rev.  Gervase  Smith,  and 
constructed  with  the  aid  of  a  grant  from  the  Koyal  Society,  furnishes  a  series 
of  parallel  plane  surfaces  at  regular  intervals  of  from  Ol  to  O03  mm.  In  the 
case  of  fairly  well  preserved  specimens  these  may  be  studied  under  powers  of  from 
1  inch  to  £  inch,  and  all  the  details  of  their  anatomy  ascertained. 

Drawings  under  the  camera  lucida  or  photographs  may  be  obtained  from 
them,  and  from  a  series  of  such  drawings  the  fossil  may  be  reconstructed  on  an 
enlarged  scale.  Already  several  species  of  fossils  have  been  treated  in  this  way 
with  complete  success.  Supplemented  by  a  few  thin  transparent  sections  it 
affords  a  means  for  ascertaining  the  anatomy  of  fossils  in  fulness  and  with 
precision. 

The  so-called  Ophiura  Egertoni,  which  the  author  has  studied  in  conjunction 
with  Miss  F.  Wright,  displays  under  the  method  of  grinding  all  those  minute 
characters  on  which  zoologists  depend  for  the  determination  of  recent  species, 
including  the  tentacle  scales,  teeth,  buccal  papillae,  and  the  granulations  on  the 
buccal  plates.  The  details  of  the  anatomy  of  Lapworthitra  Miltoni  are  also  clearly 
revealed,  and  in  both  cases  the  anatomy  of  the  jaws  is  so  exactly  indicated  that 
from  these,  fossil  remains  alone  the  hoinology  of  these  organs  can  be  ascertained. 

Models  were  exhibited  prepared  from  serial  sections  of  Pnhrospofith/hui  Gunni, 
Tracjuair,  taken  in  longitudinal,  transverse,  and  facial  directions.  These  were 
obtained  and  studied  by  Miss  Igenia  Sollas  and  the  author.  They  appear  to 
reveal  the  existence  of  a  dorsal  shield,  a  maxillary  arch,  a  palatine  element,  and 
a  suspensorium,  as  well  as  gill  arches.  A  lower  jaw  is  indicated.  While  pointing 
in  some  directions  to  the  Cyclostomes  the  more  important  characters  of  the 
fossil  suggest  allinities  with  the  Amphibia  and  Dipnoi. 

Models  in  wax  have  atao  been  prepared  of  Monoyraptu*  priodon,  and  were 
exhibited  before  the  Section. 

3,  Notes  on  some  Fossil  Plants  from  Berwickshire.     By  I\.  KIDSTON. 


4.  Report  on  Life-zones  in  the  British  Carboniferous  Rocks. 
See  Reports,  p.  288. 


5»  Geology  regarded  in  its  Economic  Application  to  Agriculture  by  Means 
of  Soil  Maps.     By  J.  R.  KILROE. 

It  is  proposed  to  consider  the  means  by  which  geological  information  can  best 
be  applied  to  agriculture,  the  utility  of  the  application  being  assumed  to  be  univer- 
sally admitted. 

Amongst  the  objects  to  be  aimed  at  should  bo  the  furnishing  of  reasons  and 
•uggestions  for  the  profitable  localisation  of  certain  branches  of  the  industry,  viz., 
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Stock-breeding,  Dairying,  and  Tillage,  the  last  viewed  in  detail  as  regards  the 
most  economical  and  profitable  application  of  manures,  and  the  selection  of  soil* 
most  appropriate  to  different  kinds  of  crops. 

Viewed  in  a  more  general  way,  the  utility  of  Geology  may  be  considered,  as 
regards  the  valuation  of  land,  the  development  of  estates,  and  schemes  of  irrigation 
and  drainage. 

We  may  omit  the  special  case  in  which  soils  may  be  regarded  as  mere  recep- 
tacles of  manures  (in  places  within  easy  reach  of  ready  markets,  in  which  case 
high  profits  are  often  realised) ;  and  proceed  to  note  that  in  general  farming,  not 
only  have  facilities  for  drainage  and  percolation  to  be  considered,  as  well  as  the 
conditions  of  retentiveness,  capillarity,  and  absorptiveness,  or  the  quality  of  re- 
tentiveness  for  fertilisers — all  of  which  are  determined  by  geological  circumstances — 
but  the  nature  and  abundance  or  scarcity  of  crude  fertilising  substances  naturally 
present  in  soils,  to  be  operated  on  and  rendered  available  for  plant  use  by  acidulated 
waters  in  the  ground,  have  a  very  important  bearing  upon  the  quality  of  land,  and 
are  equally  determined  by  geological  considerations. 

In  virtue  of  differences  in  the  amounts  of  the  leading  fertilising  constituents  in 
soils,  and  differences  in  the  degree  of  facility  with  which  they  are  rendered  avail- 
able, a  great  range  of  intrinsic  soil-values  is  observable  in  Ireland,  where  according 
to  Sir  R.  Griffith  some  laud  is  to  be  met  with  capable  of  putting  upwards  of  3  cwt. 
of  flesh  per  Irish  acre  (or  2£  cwt.  per  statute  acre)  upon  grass-fed  animals  each 
season. 

Chemical  analyses  of  soils,  as  means  of  discriminating  as  to  their  resources  or 
deficiencies,  of  determining  the  amounts  of  fertilisers  immediately  available  accord- 
ing to  Dr.  Dyer's  method,  or  the  amounts  soluble  in  aqua  regia  according  to  that 
adopted  by  M.  de  Gasparin,  or  the  bulk  amounts  present  in  any  sample,  can  never, 
on  account  of  the  expense  and  number  which  would  be  requisite,  come  to  be 
regarded  as  a  practicable  feature  of  economic  farming  procedure,  unless  indeed 
analyses  be  applied  in  connection  with  some  ready  and  fairly  reliable  means  of 
comparing  soil  with  soil  in  different  localities.  Such  means  would  be  afforded  by 
soil  maps  upon  a  geological  basis. 

Agricultural  maps  (cartes  fiyronomif/uea)  have  been  advocated  by  such  autho- 
rities as  De  Caumont  and  Delesse  on  the  Continent.  Risler,  head  of  the  first 
Agricultural  College  of  France,  not  only  values  the  aid  which  geologry  supplies, 
but  considers  that  detailed  geological  maps  would  suffice  for  agricultural  purposes, 
such  maps  in  that  country  fairly  suggesting,  not  only  the  character  of  soils 
resulting  from  the  decay  of  immediately  underlying  strata,  as  regards  their  physical 
qualities,  whether  as  sand,  loam,  clay,  and  intermediate  varieties,  but  the  oegree 
and  nature  of  their  endowment  also,  with  fertilising  substances. 

In  the  British  Isles  north  of  the  Thames,  Drifts  supervene  to  a  great  extent, 
masking  or  obliterating  the  characters  proper  to  soils,  which  otherwise  would  cover 
each  formation  or  igneous  mass.  Hence  ordinary  geological  maps  do  not  here 
suffice  for  agricultural  purposes  in  these  countries. 

The  Drift  maps  published  by  the  Geological  Survey,  so  highly  serviceable 
economically,  in  thickly  populated  areas,  for  purposes  of  drainage,  water  supply 
on  a  small  scale,  and  in  connection  with  the  brick-making  industry,  seem  to  me  to 
come  short  of  agricultural  requirements  in  this,  that  they  do  not  give  prominence 
to  information  bearing  upon  the  natural  endowments  of  soils  as  regards  fertilisers 
— not  even  as  much  so  as  ordinary  maps  showing  the  solid  geology. 

I  should  therefore  propose  a  scheme  of  soil  maps  which,  while  keeping  in 
view  the  elements  upon  which  the  physical  qualities  of  soils  depend,  gives  pro- 
minence to  information  bearing  upon  the  soil  resources. 

To  do  this  I  should  use,  somewhat  as  on  our  original  Irish  drifted  maps, 
close,  wide,  and  medium  stippling,  to  distinguish  sands  and  gravels,  boulder  clay, 
and  intermediate  varieties  respectively — the  boundaries  of  which  in  the  field  are 
exceedingly  ill-defined  in  many  places.  Over  this  I  should  apply  a  light  wash  of 
colour  appropriate  to  one  of  the  following  groups  of  rocks,  to  represent  the  soil, 
whether  drift-soil  or  soil  directly  formed  over  rock,  according  to  the  prevailing 
character  of  debris  present  in  the  uppermost  layer,  the  soil  ana  subsoil,  reserving 
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the  darker  tints  of  colour  for  the  places  where  the  rock  is  actually  to  be  seen. 
Other  details  are  described  in  the  paper. 

I  should  arrange  strata  and  igneous  masses  in  much  fewer  groups  than  these 
represented  on  geological  map*,  and  retain  the  system  of  colours  on  these  map* 
in  so  far  as  they  prove  ordinarily  suggestive  of  the  rocks  referred  to,  viz.  — 

Limestone  (Chnlk,  &c.) lUue. 

Sandstone  and  Shale Slate  colour. 

Grits  and  Slate ••»,»» 

Quartzito  and  Schist „        „ 

( 'oal  Measures Dark  grey. 

Basic  Rocks liurnt  carmine. 

Acid  Rocks Carmine. 

I'tiiit  JJogs       ........  Sepia. 

Gravelly  and  Coarse  Pebbly  Alluvial  deposits       .  Burnt  sienna. 

Loamy  and  Peaty  Alluvium  .....  (Jreen. 

Such  a  system  would  tend  to  meet  the  strong  prejudice  existing  in  farmers' 
minds  against  £.--v!'\:!r:il  technicalities,  while  keeping  the  essential  points  of 
information  concerning  soils  in  the  forefront. 

The  addition  of  contour  lines,  even  if  only  approximately  drawn  from  the 
levels  given  on  the  Ordnance  maps,  would  be  a  valuable  addition  to  these  indue- 
trial  maps  in  consideration  of  dilU-renco  of  climatic  conditions  attendant  upon 
differences  uf  elevation. 


6.   Pf<titltf  atvl  Cnl<*npt**rft>  from  a  DtjMwit  of  Plei&1oceM  Age  at  Wofvercott, 
Oxfordshire.     J!i/  A.  M.   BELL,  JO.,  F.U.S. 

Plant  remains  of  Pleistocene  timo  are  of  great  rarity  in  Knjrland.  The  two 
most  important  series  which  have  been  described  are  from  Iloxne,  in  Suffolk,  ob- 
tained by  Mr.  Clement  Keid,  F.U.S.,  and  Mr.  II.  X.  llidley  (' Geol.  Mag./  18tS8, 
p.  441),  and  from  North  London  by  Mr.  "Worthington  (i.  Smith. 

There  i*  in  those  remain*  -.  '.  .:  i1  ••  \'.\-'-  ••  ,-  Of  twenty-eight  plants  obtained 
at  Iloxne  three  are  arctic  (Salix  polaris,  S.  myrsinites,  Betula  naua) ;  seventeen 
range  to  the  Arctic  Circle. 

At  Stoke  Newinglon,  on  the  contrary,  Mr.  W.  .1.  Smith  obtained  the  elm,  tho 
chestnut,  clematis,  and  perhaps  the  vine.  Only  throw  out  of  eleven  plants  reach 
the  Arctic  Circle.  The  pine,  the  aider,  birch,  and  yew,  with  the  royal  fern,  were 
more,  in  harmony  with  tho  present,  and  the  past  floras. 

In  the  author's  opinion  thw  Stoke  Xewinjrton  flora  represents  a  much  later  age  of 
Pleistocene  time  than  tho  Iloxne  flora.  The  conditions  were  continental,  and  the 
flora  of  the  south  was  ..-&!:  '.:..  .  w!iile  tho  arctic  llora  was  disappearing. 

The  plants  as  yet  ":!••, '..'.-  :,  by  tho  kindness  of  Mr.  Clement  Reid,  from 
Wolvercote  resemble,  those,  found  at  Stoke  Newinjrton  more  than  those  of  Iloxne. 
This  is  in  harmony  with  tho  writer's  view  that,  the  Wohercote  deposit  is  of  late 
Pleistocene  age,  nearer  to  tho  Stoke  Newington  thun  to  the  Iloxne  deposit. 

Kightoon  plants  obtained  by  the  author  aro  given.  All  of  them  are  found 
in  Oxfordshire  to-day.  Kight  only  have  an  oxten>ion  to  the  Arctic  Circle.  Four 
mosses  have  beon  obtained,  one  of  which  is  certainly  recent.  A  considerable 
number  of  tho  wing-cases  of  beetles  have  also  been  found.  These  are  diflicult 
to  identify,  but  tho  genus  of  one,  remarkable  by  its  rows  of  hairs,  has  been 
named  by  Air.  Waterhouse,  of  the  Natural  History  Department  of  the  British 
Museum.  Only  one  of  the  gunus  now  is  found  in  Knpland,  and  that  is  different 
from  the  AVolvorcote  species.  On  the  other  hand  the  jrenus  is  common  on  the 
Continent 

Theao  facts, coupled  with  those  from  Stoko  N owing! on,  tend  to  the  conclusion 
that  in  late  Pleistocene  time*  the  climate,  of  the  Thames  Valley  was  more  conti- 
nental than  it  is  at  present. 

1901,  U  V 
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•     7.  Report  on  the  Terrestrial  Surface,  Waves  and  Wave-like,  tinrfaces. 

See  Reports,  p.  398. 

8.  Report  on  the  Exploration  of  /{fish  Carrs,  Co.  filiyo. 
^ee  Jlopqrts,'  p.  282. 


1).  fimfancrs  of  Aticiflut  filacHT-rfatttmrtl  Lakw  in  thf  Chnviofs. 
/?y  PERCY  b\  KKNDALL,  FJi.N.,  and  JEtiitiiKiiT  R  MUFF,  Jl.A.,  J'\d'.8. 

It  is  uncertain  whether  tlie  f  -hqviot  .itself  wag  overriddpu  by  extraneous  ico, 
but  striae  on  Thirl  Moor  and  J  taker  Crug  recorded  by  tlio  (n-olouirul  Survey 
probably  indicate  that  this  portion  of  the  watershed  was  overridden  by  ice  from 
the  Tweed  Valley,  and  Prof.  Gciliio*  mentions  till  and  .striated  stones  on  the  tops  of 
the  Cheviot  Hills  at  1,  COO  ft.  The  transport  of  erratics  shows  movement  along 
both  sides  of  the  axis  of  the  range  from  S.W.  to  N.K  at  some  stage  of  the 
glaciation.  Across  the  northern  end  and  for  at  least  ten  miles  down  the  eastern 
side,  however,  a  distribution  of  rocks  from  tho  Tweed  Valley,  together  with  other 
indications  to  be  mentioned,  points  to  an  ice-flow  veering1  round  through  easterly 
to  a  due  north-to-south  direction.  The  observations  nf  the  authors  go  to  confirm 
the  above  conclusions  with  respect  to  tho  area  N.  and  JO.  of  Cheviot, 

The  authors,  during  a  few  days  spent  in  the  district,  observed  certain  features 
which  throw  much  light  on  the  later  stages  of  the  Tee  Age  in  this  area.  Mr. 
dough  mentions  l  '  dry,  steep-sided  little  valleys  crossing  o\  or  watersheds,  which 
do  not  appear  to  lie  along  lines  of  weakness  or  the  outcrops  of  soft  beds.  It  is 
suggested  that  they  might  have  been  formed  by  streams  from  glaciers/  Some  of 
the  valleys  observed  by  us  run  along  the  sides  of  hills  or  occur  as  loops  detaching 
portions  of  the  walls  of  valleys,  and  tho  general  characters  of  similar  valleys  Imvw 
been  described  by  us  separately.-  Their  mode  of  occurrence  and  the  relations  to 
the  relief  of  the  country,  as  well  as  to  the  position  occupied  by  tho  ancient  ice- 
sheets,  show  that  they  ran  bo  ascribed  only  to  the  overflow  of  witter  from  lakelets 
held  up  by  an  ice-barrier.  In  tho  tract  of  country  between  \eavering  JMl  and 
Tngram  we  found  that  each  of  the  spurs  separating  the  valleys  which  radiate  from 
Cheviot  was  cut  across  by  one  or  more  sharp  gorge-like,  channels,  draining,  with 
one  ^srpi^p'.n*1  exception,  to  the  south.  The  spur  between  Uoddam  Dean  and  tho 
Breamish  Itiver  is  cut  near  (.aider  Farm  by  a  channel,  bounded  on  the  etist  by 
the  moraine,  draining  to  the  south;  but  a  higher  portion  of  the  same  spur  is 
traversed  by  a  channel  draining  in  the  opposite  direction,  i.e.,  to  the  north.  Tho 
highest  member  of  a  series  across  any  given  spur  is  usually  just  above  tb»  boun- 
dary of  the  drift  containing  extraneous  boulders.  At  the  outlets  of  tho  valleys 
there,  are,  in  several  cases,  deltas  represented  by  masses  of  gravel. 

Conclusions.  —  The  existence  of  the  series  of  overflow  channels  points  clearly  to 
the  former  presence  of  a  chain  of  small  lakes  held  in  the  radial  system  of  valleys 
of  the  Cheviots  by  a  barrier  of  ice.  The  ice-stream  by  the  boulders  which  it  bore 
may  be  inferred  to  have  swept  round  the  ^  end  of  the  Cheviots  out  of  the  Tweed 
Valley.  The  margin  of  the  sheet  at  its  maximum  extension  rose  to  about 
1,000ft.  along  the,  arc  from  Yeavering  Hell  to  Jlrand's  Hill,  beyond  which  it 
may  have  declined.  Along  the  south-eastern  slopes  of  the  Cheviots  another 
extraneous  glacier  swept  in  a  north-east  direction.  Where  their  confluence  took 
place,  or  whether  they  were  not  in  succession  rather  than  simultaneous,  is  not 
easy  to  decide,  but  the  Tloddam  Burn  channel  points  very  clearly  to  tho  prepon- 
derating intiuence  of  the  southern  stream,  while  the  Calder  Farm  overflow  lower 
down  the  same  ridge  shows  by  its  southerly  slope  that  the  northern  ice  later 
acquired  the  mastery.  If  the  two  glaciers  woro  confluent,  then  the  overflowing 

1  Geol.  SUTV.  Mcni.,  'The  Geology  of  the  Cheviot  Hills.1 

•  Jf.A.  Report,  189!),  P.  F.  Komlu-11,  '  On  Rxtramorainic  Drainage  in  East  York- 
shire' ;  ibid.,  1900,  A.  Jowett  and  H.  B.  Muff,  *  Preliminary  Note  on  the  Glaciation 
of  the  Bradford  ami  Kcighley  District.' 
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waters  of  the  lakes  must  have  been  discharged  either  beneath  the  ice,  as  at 
present,  happens  to  the  overflow  from  a  chain  of  ice-dammed  lakes  on  the 
Malaspina  Glacier,  or  over  the  top  of  the  ice. 

An  important  and  unexpected  result,  of  our  brief  examination  IIRP  bren  the 
discovery  that  while  '  foreign '  iro  was  rising  along  the  Hanks  of  the  Ohoviota  to 
an  altitude  of  1,000ft,  not  only  wore  tin*  spurs  five  from  any  native  ice-sheet, 
such  as  Cheviot  or  Ifed<»ehope  might  have  Injen  ^xprcted  to  support,  but  even  the 
lower  ends  of  the  intervening  valleys  wen*  occupied,  not  by  great  native  glaciers, 
]>ut  by  lakes. 

The  condition?  thus  described  may  have  some  relation  to  the  fact  that  while 
the  porjmyrites  of  the  Cheviots  Iwve  furnished  the  moat  abundant  types  of 
erratics  in  the  drift  of  the  Yorkshire  coast,  the  granite,  if  present —whicli  is  not 
quite  certain — i*  very  rim*. 

10.    Ib'jwrl  on  //I''  AYw/i>  7?/r»'A'x  of  tin1 

So<»  Reports,  p.  28:1. 


11.   Inh-i'tin  lifjtorf  on.  f/n'  lir*f.  Mi'ihtnl*  for  tJif  Rrf/iiffation  of  nil  Type 
N  of  Foxxilx  in  the  Jirilidi  /xtav. 


1  '2.  Jtf/ftrt  ftjtfm  tJi<>  ]*rt'mnt  tfhih*  of  our  Knon'lco'f/c  of  thr  Structure  of 
(\//.s7f/As'.     SPP  Imports,  p.  2H7. 


I*  i  r.  $EprE^fJ^EIt  17. 

The  following  1'npi'rs  A\ero  read  :  — 

I.   Th*  tffoftish  Off*  of  (  1f»/)/u>r  in  //*>•//•  fftofoffien? 
Jit/  ,!.  (J.  (JooiH'lHLD,  /•'.</.  .V. 


The  on»a  of  copper  occurring  in  Scotland  appear,  MI  far  as  their  origin  is  con- 
corned,  to  be  referable  to  \\\o  primary  caiegorie>.  The  iirst  of  these  includes 
those  minerals  whom  origin  IH  evulontly  connected  with  the  uprise  of  thermal 
waters;  and  the  si-cond  includes  thciM*  which  are  due  almost  entirely  to  deposition 
of  materialn  curried  down  in  solution  from  some  rocks  at  a  higher  level  to  others 
below.  The  two  methods  of  origin  may  be  likened  to  the  ebb  and  the  tlow  of  the 
tides. 

To  the  first  category  belongs  most  of  the  riialeopyrites  occurring  in  Scotland, 
and  with  that  mineral  is  to  be  included  al>o  (  'haleocite  and  Uornite.  These 
mostly  occur  in  connection  with  mineral  veins.  A  small  percentage  of  other 
compounds  of  Copper  with  Sulphur  appears  to  have  originated  in  connection  with 
certain  eruptive,  rock  of  sub-binic  comju^ition.  When  these  hitter  have  been 
atl'ected  by  dynamic  metamurphism  the  process  .MHMHS  to  have  favoured  the  local 
concentration  of  the  mineral  which  was  formerly  diffused.  Hence  several 
Kpidiorites  contain  (  1halcopyrifes,  apparently  a*i  an  oriirinal  constituent  (if  we 
regard  their  schist  osity  as  original  to  that  type  of  rock). 

To  the  second  catrirory,  that  of  the  <»hb-im)ducts  or  minerals  of  secondary 
origin,  belong  all  tho  remainder. 

'Taking  these  in  the  order,  and  with  the  mnnber.s,  adopted  by  Dana,  wo  have, 
first,  (15)  Native  Copper.  There  cannot,  be  much  doubt  that  all  tho  Scottish 
specimens  of  this  are  of  M'condury  origin.  The  earlier  stage  seems  to  have  been 
that  of  solution,  along  with  those  of  the  constituents  of  a.  sub-basic  eruptive  rock, 
through  which,  probably,  the  copper  ore  was  originally  ditluscd  an  very  minute 
quantities.  The  decomposition  of  the  rock  by  surface  agencies  has  again  converted 
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this  into  solution — probably  in  the  form  of  carbonate — from  which  solution 
any  one  of  various  reagents,  in  most  cases  probably  decomposing  organic  matter, 
has  reduced  the  dissolved  substance  to  the  metallic  state.  In  this  form  it  lias 
been  deposited  as  thin  sheets  along  the  divisional  planes  of  the  rocks  situated  at  a 
lower  level  than  its  point  of  origin.  In  the  form  of  iilms  of  this  kind  it  occurs  at 
Boyleston,  in  .Renfrewshire,  where  it  is  found  in  lavas  of  Lower  Carboniferous 
age ;  and  at  Ballocbmyle,  in  the  joints  traversing  the  murls  of  the  New  lied 
Rocks  there.  I  may  remark,  in  passing,  that  these  rocks  so  closely  resemble  the 
Uunter  Sandstone  that  I  should  never  have  hesitated  to  refer  them  to  that  horizon 
had  not  a  different  opinion  regarding  their  age  been  expressed  by  the  distinguished 
author  of '  The  Scenery  of  Scotland/ 

Native  Copper  also  occurs  in  the  form  of  minute  particles — possibly  crystals — 
in  some  of  the  Prehnites  of  Boyleston  and  Glen  Farg.  Doubtless  these  varieties 
of  Prehnite  owe  their  colouring  matter  to  the  presence  of  this  mineral,  just  as 
the  ordinary  green  variety  of  Prehnite  owes  its  colour  to  diffused  compounds  of 
copper  of  other  kinds — possibly  to  Chrysocolla.  The  same  metal  also  occurs  at 
"Boylestone,  disseminated  throughout  some  of  the  beautiful  crystals  of  Calcite 
which  line  some  of  the  drusy  cavities  of  the  lavas  there.  When  Native  Topper  is 
enclosed  in  these  crystals  tho  external  form  is  much  more  complex  than  where  the 
metal  is  absent. 

Some  Chalcopyrites  must  undoubtedly  be  classed  amongst  obb-products  also, 
seeing  that  a  second  generation  of  crystals  often  occurs  upon  minerals  whose 
secondary  origin  cannot  be  doubted.  Atacamite  has  been  claimed  as  a  Scottish 
mineral,  but,  it  seems  to  me,  on  insufficient  grounds. 

(224)  Cuprite,  as  might  be  expected,  occurs  in  connection  with  the  other 
decomposition  products  of  copper  ores.  Usually  it  occurs  as  one  of  the  consti- 
tuents in  the  compound  known  as  Tile  Ore;  but  occasionally,  as  at  (Men  Farg,  it 
shows  traces  of  crystalline  exterior ;  or  as  at  Boyleston,  where  Mr.  Craig-Christie 
has  got  it  in  the  capillary  or  velvet-like  form.  Some  of  the  silicate  of  copper  from 
Lauchentyre  appears  to  me  to  be  coloured  red  by  Cuprite,  which  may  also  occur 
there  in  the  free  state. 

(230)  Tenorite  has  not  yet  been  proved  to  occur  aa  a  separate  Scottish 
mineral ;  but  the  black  Chrysocolla  from  Lauchentyre  and  other  mines  in  the 
neighbourhood  may  possibly  owe  its  coloration  to  this  mineral. 

(288)  Malachite  calls  for  no  special  remark  here  beyond  tho  statement  that  it 
does  not  appear  to  show  crystalline  termination  at  any  locality  in  Scotland  except 
at  Sandlodge,  in  Shetland,  where  it  seems  to  have  been  taken  for  Brochantite. 

(289)  Azurite  is  singularly  rare  in  Scotland,  and  has  not  yet  been  found  with 
visible  crystalline  faces.     (290)  Aurichalcite,  (741)  Linarifre,  and  (730)  Caledonite, 
well  known  as  secondary  products  of  the  decomposition  of  veins  containing  Copper, 
do  not  call  for  any  special  remark  in  this  abstract. 


2.  A  Revised  List  of  the  Minerals  knotmi  fo  occur  in  Scotland. 
By  J.  G.  G GODCHILD. 

The  following  list  embraces  the  whole  of  the  minerals  whose  claim  to  rank  as 
good  species  and  whose  occurrence  in  Scotland  seem  to  the  author  to  be,  beyond 
doubt.  The  list  will  probably  have  to  be  extended : — 

Graphite  Dolomite  Okcnite 

•Sulphur  Magncsite  Gyrolite 

Gold  Siderite  Apophyllite 

Copper  Aragonite  lleuhindilo 

Stibnite  Strontianito  Brewsterite 

Molybdenite  Cerussito  Harmotomo 

Argentite  Malachite  Stilbite 

Galena  Azurite  Laumontito 

Chalcocito  Aurichalcito  Chabazite 

Blende  Zaratite  Gmelinito 
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Pentlandite 

Greenockite 

Millerite 

Niccolite 

Pyrrhotitc 

Covellite 
(?)  Bornite 

Ohalcopyrite 

Pyrites 

Gersdorfilto 

Marcasitc 

Kcrmesite 
(?)  Itoumonitc 

Tetrahedrite 

Salt 

Sal-ammoniac 

Kluor 

Quart;: 

Quartzino 

Tridymite 

Opal 

Valentinite 

Cervantito, 

Water 

Cuprite 

Corundum 

Hivmatite 

]lmcnite 

Spinel 

Magnetite 

Chromite 

Uutile 

riattnerito 

Jlrookite 

1'yroluhito 

Turtle 

(iocthito 

Siangan  ite 

Ijimoniti! 

Urucite, 

Pyroaurite 

Psilonielaue 

Calrite 

Caledonite 

Una-rite 

<}ypsum 

Epsomite 


Hydrocerussitc 

Orthoclase 

Microcline 

Anorthoclase 

Albite 

Oligoclasc 

Andesine 

Labradoiite 

Anorthitc 

Knstatite 

llypersthenc 


ftpodumene 

Wollastonitc 

Pectolitc 
(.')  IJabingtonite 

Hornblende 
(?)  (ilaucophane 

Hieheckite 

Jieryl 

Jolite 

Nej)heline 

Socialite 

(tarnet 

Forstcrito 

Olivine 

Wernerii  e 

Idociase 

Xireon 

Thorite 

And  alu  si  to 
SillmiHiiitc 
K  \anitu 
Diitolitc 
XoiMte 

Allanite 

Prolniiti? 

Hi'inimoiphite 

Tourmaline 

Staurolilu 

Pic'kerin^ite 

Halotric'hite 

\VulfcnilP 

Hatchcttnlitc 

Ozocerite 


Levync 

Analcime 

Edingtonite 

Natrolite 

Scolccite 

Mesolite 

Thomsonit  e 

Muscovite 

Xinnwealdite 

Jhotito 

Phlogopito 

Ijcpidomelanc 

llaughtonitc 

Chloiitoid 

Ottrelite 

Clinochlore 

Pennine 

Procbloritc 

Serpentine 
'J'alc 


Alum 


Kotinitc 


Celadonite 
Glauconite 
Kaolinite 

(?)  Unllcysite 
Chrysocolla 
Pilolitc 
Sphene 
Apatite 
I'yronujrphitc 
Vanadinitc 
Vivianite 
Erythritc 
Annabergitc 
Wavellite 

(?)  (rluuborite 
liarytcs 
C 'destine 

(?"i  Vauquelinite 
Leadhillitc 
LunarKite 
Torbernite 
Bathvillite 
Middlolonitu 
Petrok'iiui 
As]>haltum 
Eluterite 
Albertite,  &c. 


The  following  are  remarkable  by  their  absence :— Calamine,  Witherite,  Leucite, 
Axinite,  Anhydrite  ;  and  .Mareasite  and  Fluor  by  their  rarity. 


3.  T/u'Orcnrr?Hceqf/>arinM  tiufithah'fnut  Cti?rhitn  Ffuitridr  as  Cementing 
icfs  in  (he  Elyiu  Trias.     Ky  WM.  MACKIK,  J/.^l.,  M.D. 


sulpliatu  as  a  coment  of  sandstone  was  first  noted  by  Professor  Clowes 
in  1H85  aa  occurring  in  Triassic  rocks  near  K  "*•  -1  ".  Other  localities  in  sand- 
Htones  of  the  same  ago  have  since  been  noted,  n  iu  the  north  or  centre  of 

England. 

Barium  sulphate  in  the  Elgin  Trias  was  first  observed  by  the  author  in  1805. 
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It  occurs  mainly  in  nodules  which  range  in  sizn  from  a  hazel  to  a  walnut  dis- 
seminated through  an  extensive  mass  of  sandstone  along  the  coast  of  Klginahir;*, 
near  Covesea  Lighthouse,  where  in  consequence  of  its  influence  on  the  weathering 
of  the  sandstones  some  unique  result  s  in  rock  sculpturing  ha\  e  been  produced. 
Analyses  of  some  of  these  nodules  show  that  they  contain  as  much  as  37  per  cent, 
of  barium  sulphate.  Ln  the  nodules  the  barium  sulphate  is  shown  by  the  micro- 
scope to  directly  envelope  the  grains  of  sand,  except  toward  the  periphery  where 
rims  of  secondary  quartz  and  ferric  hydroxide  come  between  the  Milphate  and  the 
original  grains. 

The  presence  of  calcium  fluoride,  in  rocks  of  the  Mime  age  at  Cuimningston  a 
little  further  to  tho  west  than  the  barium  sulphate  area  was  also  determined  by 
the  author  in  IS'jri.  The,  fluoride  occurs  in  small  white,  often  square-shaped, 
patches,  showing  lustre-mottling  disseminated  through  the  mass  of  the  sandstone. 
Sometimes  it  occurs  in  aggregates  which  on  section  show  that  they  jive  made  up 
of  cubes  placed  in  iii^'iji-  : -M  Tin-re  are  also  occasional  bands  ewmented 
throughout  by  calcium  lluorule,  but  even  in  these  lustre-mottling  shows  that  it 
occurs  in  masses  of  closely  placed  cubes.  The  presence  of  fluoride  was  determined 
by  obtaining  a  copious  precipitate  of  gelatinous  silica  on  heating  the  powdered 
sandstone  with  strong  sulphuric  aeid  and  passing  the  evolved  gas  into  water.  As 
much  as  25*88  per  cent,  of  calcium  fluoride  was  obtained  by  analysing  an  average 
specimen  of  the  sandstone  in  detail.  The  microscope  shows  the  presence  of  a 
colourless  isotropic  snbstanco  directly  enveloping  the  sand  grains.  Towards  the 
periphery,  as  in  tho  case  of  tho  barium  sulphate  nodulo,  «*condury  quart/-  rims 
and  ferric  hydroxide  are  occasiomilh  seen  to  come  between  the  fluoride  and  the 
original  grains. 

The  author  disputes  the  explanation  of  Professor  Clowes  as  regards  tho 
ration  d'etre  of  the  barium  sulphate,  the  presence  of  which  has  been  ascribed  by  him 
to  the  double  decomposition  of  barium  chloride  -  which  he  finds  present  in  some 
of  the  local  deep  well  waters — by  the  soluble  sulphates  of  the  infiltrating  waters. 
On  the  contrary,  the  presence  of  both  barium  sulphate  and  calcium  iluonde  is 
ascribed  to  the  concentration  of  the  waters  of  an  inland  lake  from  which  these 
substances  if  present — and  both  of  them  are  present  in  sea  water — would  naturally 
be  deposited  in  the  order  of  their  insolubility  as  concentration  went  on.  Tim 
presence  of  beds  of  common  salt  in  the  Knglish  Trias  presupposes  the  existence  of 
such  a  salt-impregnated  lake  over  the  southern  area,  and  the  same  conditions  may 
be  reasonably  extended  to  the  Elgin  area  during  the  same  geological  period. 


4.  The  J'tWi'-haiul  of  /Iff  Klr/in  Triit*  timl  //s  ir/W-/ron*  /*Mtrti. 


The  Cutties  Hillock  pebble-band,  which  has  tiguied  so  Lirpelv  in  the  discussion 
of  the  succession  of  the  Klgin  sandstones,  is  not,  as  has  generally  been  contended, 
a  jiure  localism.  Two  new  openings  into  tho  Triassio  rocks  of  the  area  show  that 
it  is  present  at  five  widely  separated  points.  Its  characters  are  constant  in  all. 
There  is  evidence  that  it  is  basal  in  position  in  tho  Triassic  formation,  and  taking 
it  as  a  datum  line  one  is  enabled  to  lix  the,  relation  of  the  Triassic  to  the  under- 
lying U.O.H.  rocks  with  some  certainty.  It  shows  that  the  former  overlie  thn 
truncated  edges  nf  the  latter  beds  in  a  thin  cake,  which  is  probably  nowhere,  more 
than  100  feet  in  thickness  on  a  surface  slightly  inclined  upwards  from  the  south- 
east to  the  north-west,  while  tho  U.O.I  i.  rocks  steadily  dip  at  almost  constant 
angles  in  the  opposite  direction.  Other  facts  definitely  ascertained  fire,  that  tho 
two  series  of  rocks  wherever  they  occur  in  proximity  invariably  show  marked 
discordance  of  dip  and  strike,  and  that  the  Cutties  Hillock  area  is  detached  from 
the  other  local  areas  of  Triassic  rocks,  U.O.It,  rocks  having  been  traced  all  round 
it,  and  quite  a  mile  intervening  between  it  and  the  Snynie  and  Findrasaie  area  to 
the  north-west,  in  which  interval  U.O.K.  rocks  with  discordant  dip  and  strike 
also  appear. 

Another  interest  attaches  to  tho  pebble-band  in  that  its  pebbles,  which  are  all 
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hut  exclusively  of  quartz,  quartzite,  vein  quartz,  and  chert,  show  unmistakable 
evidence  of  sand-blast  action. 

'  Pyramidal  pebbles  '  arc  common,  with  surfaces  who  wing  different  degrees  of 
polishing.  Some  of  them  even  present  strongly  concave  surfaces  and  finer  depres- 
sions beautifully  polished.  A  considerable  number  show  '  flaking  '  of  their  edges, 
and  the,  surfaces  so  formed  have,  subsequently  been  subjected  to  different  degrees  of 
polishing.  The  cherts  are  beautifully  fretted,  and  exhibit  in  perfection  the  results 
of  differential  etching. 

Inquiries  as  to  definite  orientation  of  the  more  polished  surfaces  of  the  pebbles 
have  hitherto  failed  to  yield  results.  The  author  believes  that  no  Mich  definite 
orientation  obtains,  and  is  of  opinion  that  the  pebbles  had  been  subjected  to  con- 
tinued sand-blast  action  in  some  other  locality,  and  were  suddenly  and  forcibly 
transferred  by  the  action  of  water  to  their  present  position,  where  many  of  them 
were  again  subjected  to  further  tumd-blobt  action. 

The  result  of  the  examination  of  the  pebbles  supports  the  author's  contention, 
based  on  the  microscopical  characters  of  their  constituent  sand-grains,  thnt  the 
(Jut  ties  Hillock  .sands-tones  are  really  Triassic  sand-dunes.  Other  reasons  for 
arriving  at  the  same  conclusion  are  :  the  peculiar  undulating  bedding  of  the  sand- 
stones, differences  in  the  mode  of  occurrence  us  well  ns  ontological  differences  of 
the  fossils  from  what  obtain  in  the  adjoining  areas. 

In  the  cape  of  thu  other  local  Triassic  areas  deposition  in  water  is  assumed  , 
though  the  debris  had  evidently  in  some  cases  for  a  long  time  previously  been  sub- 
jected to  wind  action  on  a  land  surface. 


77<»:  Omiri't'HW  qfCorrHif*'  in  AtwttrinftoH.  with  A/nlnctn^  in  fhe  $ 
Ktnnc  i»?  KiiiftPff/Ht,  j\raini.     Jiy  W.  MAC-HIK,  J/.^l.,  M.D. 


In  Ji  \i-in  or  iissure  of  about  ]  J  inch  width  in  Kingsteps  (Quarry,  2sairn,  tho 
sandstone  is  found  to  be,  impregnated  with  copper  ore.  The  vein  t-hows  an  indigo 
coloured  centre  of  about  £  inch  in  widtli  bordered  by  green  uiar/ir.-'  of  about 
the  same  dimension.  Analyses  of  the  different,  parts  gave  rt  -nil.-  which  show 
that  the  copper  ore  exists  'in  the  centre  of  the  vein,  chiefly  in  the  form  of  tho 
monosiilphidc  iC'uS)  and  mostly  in  the  form  of  malachite  at  the  margins.  The, 
former,  which  is  the  mineral  covellite,  is  apparently  new  to  Scotland,  as  no  mention 
is  made  of  it  in  1  1  edd  le's  *  Mineralogy  of  .Scotland.'  Nairnshire  must  also  he 
recorded  as  a  now  locality  for  malachite. 


(\.   Tlf  Xo/mv  (tfthr  AHitrtat  d'ohl  o/'thr  Kildonan  /W</, 

/>//'!.    MALCOLM    jNlACLAKKN,   A'.Nc. 

Iii  this  field  cold  is  practically  confined  to  the  small  area  drained  by  the 
Kildonait,  Suisgill,  and  Kinbrace  streams,  all  tributaries  of  the  Ullie  or  Helms- 
dale.  The  rocks  of  thi.x  area  are  granites  and  quartz-,  llaser  mica-,  andgranulitic 
biotite-schi.xts.  The  lines  of  demarcation  between  the  various  schists  are  at  all 
times  difficult  to  trace,  since  the  whole  country-side  is  covered  with  a  thick 
deposit  of  the  Glacial  Drift.  Kino  flakes  of  gold  have  been  found  in  many  places 
in  the  (Uncial  Drift,  supporting  the  inference  thai  alluvial  gold  is  more  or  less 
dispersed  throughout.  It  is  only  in  alluvium  resulting  from  the  action  of  the, 
present  watercourses  that  concentration  of  the  Drift  has  been  carried  to  such  an 
extent  as  to  attract  commercial  attention.  The  gold  itself  is  found  in  nuggets 
and  scales,  the  largest  of  the  former  weighing  :?  oz.  17  grains.  The.  scales  pre- 
sent little  evidence  of  rounding  due  to  attrition  or  rolling  friction.  Veins  of 
'clean'  cpmrtz  have  been  found  in  tho  upper  waters  of  the  Kildonan.  One  of 
these  veins  on  analysis  yielded  gold.  The  writer  concludes  that  the  alluvial 
gold  has  been  deriuul  from  the,  white  quartz  veins  of  the  local  schists  (which  ar« 
almost  certainly  metamorphosed  sediments,  po.ssibly  originally  containing  alluvial 
gold).  The  scliisU  wore  crossed  by  glaciers  travelling  in  a  general  south-easterly 
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direction,  rudely  disposing  the  comminuted  auriferous  quartz  in  *  leads '  in  the 
Drift.  The  present  streams,  cutting  across  the  Drift,  have  more  or  less  concen- 
trated the  gold.  Profitable  working  of  the  deposit  is  precluded  by  the  '  burden  ' 
of  large  stones,  by  the  importance  of  the  vested  interests  concerned,  and  by  the 
inclemency  of  the  winter  season. 

7.  Field  Notes  on  the  Influence  of  Organic  Matter  on  the  Deposition  of 
Gold  in  Veins.     By  J.  MALCOLM  MACLAREX,  JJ.Sc. 

The  reducing  action  of  organic  matter  on  the  soluble  salts  of  gold  was  fairly 
established  by  tne  researches  of  Henry,  Percy,  Daintree,  Sterry  Hunt,  and  New- 
bery,  and  organic  matter  was  considered  for  many  years  to  be  responsible  for  the 
great  majority  of  the  auriferous  vein  deposits  of  the" world.  With  the  publication 
of  Skey's  researches,  and  his  demonstration  of  the  fact  that  sulphides  alone  are 
competent  to  produce  complete  precipitation  of  gold  from  solution,  the  former 
theory  was  almost  completely  abandoned.  The  following  cases,  however,  which 
have  come  under  the  writer's  personal  observation,  admit  at  least  of  the  possibility 
of  precipitation  by  carbonaceous  matter. 

The  reefs  of  theGympie  Goldiield,  Queensland,  underlie  almost  at  right  angle* 
across  the  dip  of  the  bedded  greywackes,  shales,  sandstones,  and  limestones  in 
which  they  are  situated ;  but  it  is  only  where  highly  carbonaceous  shales  (the 
'  First/  '  Second/  <  Third/  and  « Pluvnix '  *  slates1  of  the  miner)  arc  intersected  by 
quartz  reefs  that  the,  latter  are  auriferous.  The  carbonaceous  shales  are  certainly 
pyritous  ;  but  so  also  are  the  overlying  and  underlying  beds  in  which  the  veins 
are  barren. 

The  Croydon  Goldfield,  North  Queensland,  is  in  an  area  of  metamorphic 
granite,  o>ntniiiii!r  much  graphite.  The  reefs  are  more  or  less  enclosed  within 
walls  of  kaoiiuic  matter  highly  charged  with  graphite,  Where  graphite,  is  moat 
abundant  have  been  the  richest  auriferous  deposits.  On  the  other  hand,  broadly 
speaking,  the  presence  of  pyrites  in  a  Croydon  reef  indicates  poverty  of  content, 
and  is  considered  as  an  unfavourable  indication  bv  miners. 

The  'indicators'  of  the  Hallarat  (Joldfield,  Victoria,  nre  thin  bed**  of  dark- 
coloured  shales  and  slates,  formed  of  a  carbonaceous  mud  and  containing  a  con- 
siderable percentage  of  iron  pyrites:  The  main  '  indicator '  has  been  followed  \vitli 
few  breaks  for  a  distance  of  eight  miles.  The  most  profitable  quart/,  re««fs  cross 
the  '  indicators'  almost  at  right  angles,  and  the*  great  bulk  of  the  f«old  is  found 
where  the  quartz  reef  has  crossed  and  slightly  faulted  the  'indicator/  little  gold 
being  found  at  a  greater  distance  than  a  yard  from  the  intcr>ection. 


8.    The  Hource  of  Warp  in  the 

fiy  W.  If.  WHEELED  MJnst.C.E. 

It  has  frequently  been  stated  that  the  mud  or  warp  in  suspension  in  the 
Humber  is  derived  from  the  erosion  of  the  cliffs  on  tho  Yorkshire  coast,  and  the 
object  of  the  paper  is  to  show  that  it  is  physically  impossible  for  the  detritus 
eroded  from  those  cliff's  to  be  carried  into  the  llumber,  and  that  the  material  in 
suspension  in  the  water  is  derived  from  detritus  washed  oil*  the  land  drained  by 
the  Humber  and  its  tributaries  or  eroded  from  their  banks. 

The  drainage  basin  of  the  Ilumber  covers  10,500  square  miles,  and  embraces 
strata  of  various  kinds  of  rocks,  including  estuarine  deposits,  glacial  drifts,  chalk, 
sandstone,  and  oolites. 

The  water  in  the  zone  (-v! Hiding  around  the  junction  of  the  Trent  aud  the 
OUPO  with  the  Ilumber,  i-\ii»mliii.r  over  a  length  of  thirty-live  miles,  is  very 
highly  charged  with  solid  matter  in  suspension,  tho  maximum  quantity  being 
attained  in  the  summer,  when  the  downward  flow  of  the  fresh  water  'is  at  a 
minimum,  the  auantity  then  in  suspension  amounting  to  as  much  as  2/240  grains, 
or  nearly  the  third  in  a  cubic  foot  of  water.  Above  and  below  this  zone  the 
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quantity  dimini&hes  to  262  grains  up  the  river  Trent  and  202  grains  near  the 
Albert  Dock  at  Hull,  while  oft'  Spurn,  at  the  entrance  to  the  river,  there  is  no  mud 
in  suspension,  but  only  a  few  grains  of  clean  sand.  The  iloor  of  the  North  Sea  at 
the  entrance  is  covered  with  clean  sand  and  shells,  the  beach  up  to  Grimsby  also 
being  covered  with  sand. 

The,  solid  matter  in  suspension  is  derived  from  the  detritus  washed  off  the  land 
and  poured  into  the  ri\er  when  freshets  occur,  or  from  the  erosion  of  the  hanks 
of  thu  river  and  its  tributaries.  The  greater  quantity  that  prevails  in  the  more 
turbid  /one  is  due  to  the  material  being  kept  in  a  state  of  oscillation  by  the  ebb 
and  flow  of  the  tides  when  the  quantity  of  fresh  water  flowing  down  is  not  suf- 
ficient to  carry  it  out  to  sea. 

Tli«  average  quantity  of  solid  matter  contained  in  thirteen  other  English  rivers 
when  in  flood  is  200  grains  in  u  cubic  foot.  The  average  rainfall  within  the 
watershed  of  the  II umber  is  20'60  inches,  of  which  10  inches  may  be  taken  us  the 
quantity  due  to  such  rains  as  produce  freshets.  With  these  figures  the  normal 
total  quantity  of  solid  matter  placed  in  suspension  in  floods  may  be  put  at  three 
million  tons  in  a  year,  A  portion  of  thia  is  carried  out  to  sea  in  heavy  freshets 
and  the  rest  remains  in  the  river  in  a  state  of  oscillation. 

The  tendency  in  all  rivers,  whether  fresh  or  tidal,  is  for  material  to  work  down- 
ward under  the  laws  of  gravity.  Tin*  same  quantity  of  tidal  water  that  flows  into 
the  river  has  to  flow  out  again,  but  its  capacity  for  transporting  material  down- 
wards is  reinforced  by  the  discharge  of  the  fresh  water. 

The  flood  current  in  the  11  umber  runs  at  the  rate  of  four  miles  an  hour,  and 
its  duration  varies  from  six  hours  at  Spurn  to  two  and  a  half  at  Goole.  It  may 
be,  taken,  therefore,  that  a  particle  of  M>lid  matter  entering  the  I  lumber  at  Spurn 
Point  would  not  be  carried  by  the  Hood  tide  more  than  -}0  miles  up  the  river,  or 
lV>  miles  below  the  point  where  the  greatest  amount  of  solid  matter  is  held  in 
suspension.  On  the  turn  of  the  tide  it  would  be  carried  back  again. 

Allowing  lor  the  greater  time  the  ebb  current  is  running  above  the  junction  of 
the  rivers,  as  compared  with  the  Hood,  the  material  carried  down  on'  the  ebb  is 
7»j  per  cent,  greater  than  that  carried  up  on  the  flood. 

Taking  the,  length  of  the  llolderness  Cliils  n«:>4  miles,  the  average  height  at 
12  yards,  and  the  mean  annual  loss  at  2J  yards,  the  mean  quantity  falling  on  the 
beach  is  about  1:J  million  cubic  yards  a  year,  of  which  about  40  per  cent,  consists 
of  stones,  gravel,  and  coarse  sand,  leaving  less  than  a  million  cubic  jards  to  be 
washed  away.  Tho  foot  of  the  cliffs  is  only  reached  for  about  four  hours  at  high 
water  of  springs,  that  is,  hy  2t>0  tides  in  n  year,  the  average  quantity  of  alluvial 
matter  for  each  tide  being  tf,728  cubic  yaids. 

The  drift  of  the  tidal  current  towards  the  II umber  last*  31  hours,  and  runs  at  a 
velocity  of  2  A  miles  an  hour ;  the  greatest  distance  a  particle  of  solid  matter  put  in 
suspension  at  the  point  of  mean  distance,  L'O  miles  from  the  1 1  umber,  could  be 
carried  southward  is  8'J  miles;  when  this  distance  is  reached  the  tide  would  turn 
and  the  particle  would  be  carried  northward  tor  10  miles,  or  2S  miles  away  from 
the  Dumber. 

It  is,  however,  quite  improbable  that  a  particle  of  matter  placed  in  suspension 
nt  the  foot  of  t ho  dills  could  ever  reach  the  main  current  going  to  the  II umber. 
Owing  to  the  Yorkshire  coast  being  in  an  embayment  the  main  tidal  current  does 
not  approach  nearer  the  const  than  the  0- fathom  line,  or  a  mile  away  from  the 
coast.  Tho  current  of  the  flowing  tide  sets  into  the  embayment  towards  the  coast, 
Kven  if  a  particle  from  the  dills  could  morcomo  this  shoreward  set  and  traverse 
t  ho  water  contained  in  this  mile  of  water  in  an  opposite  direction,  so  as  to  be 
brought  into  the  main  southerly. going  current,  the  quantity  of  solid  matter 
brought  into  suspension  would  only  be  sufficient  to  supply  one  grain  to  14,000  cubic 
feet  of  water. 

It  is  evident  from  I  ho  above  facts  that,  it  is  not  possible  for  the  detritus  fioin 
the  Yorkshire  coast  to  reach,  much  more  to  be  carried  up,  the  Huniber. 
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I).  Ou  the  Alterations  of  the  Lias  fihalv  IHJ  ih<:    Wh  lit  Dyke  of  (treat 
Ay  ton,  in  Yorkshire.     By  GKOUUK  HAIIUOW. 

[Communicated  by  permission  of  the  Director  of  the  (taolugical  Survey  J 

The  examination  of  tho  least  altered  portion  of  the  rocks  of  the  Highland 
series  in  the  area  between  P»l.ii  run  \\rie  (I  fridge  of  Cally)  and  Stonelwven  has 
shown  that  tho  grits  aro  composed  of  practically  unaltered  grains  or  small  pebbles 
of  quartz  and  oligoclase  felspar  set  in  a  matrix  of  an  unusual  character,  and 
difficult  to  understand,  as  all  traces  of  clastic  micas  have  beon  obliterated  from 
it.  It  occurred  to  the  author  that  this  was  due  to  heat  action,  and  to  test  this 
point  slices  of  baked  Lias  ^hale  were  prepared,  the  specimens  being1  taken  from 
the  ed#n  of  the  well-known  Cleveland  Dyko  at  Great  A  \1oii.  At.  six  inches 
from  the  edge  of  the  dylto  the  clastic  micas  are  largo  ami  abundant,  but.  at  the 
contact  they  are  entirely  digested,  and  material  like  the  matrix  of  the  Highland 
grit  is  produced.  The,  minute,  pebbles  are,  not  affected  in  anyway,  and  retain 
their  original  form,  size,  and  optical  properties.  Lt  is  thus  shown  that  in 
entering  the  Highland  area  we  begin  with  rock*  which,  though  little  altered,  owe 
that  alteration  entirely  to  heat  action. 

10.  On  Caiswjorm*      llij  E.  IF.  CUXXINC;JIAM  CIIAK;,  Ji.A. 

The  search  for  the^e  crystals  was  formerly  a  \ery  profitable  industry  in  the 
districts  continuous  to  the  great  granite  masses,  but  it  ha^  now  been  practically 
abandoned.  The  cairngorms  were  obtained  by  digging  shallow  pits  and  trcnchus 
in  the  decomposed  granite  and  debris  which  covers  most  of  the  flat  hill-tops,  and  also 
appears  in  many  of  the  corries.  The  presence  of  vein-quartz,  mmcovite,  large  crystals 
of  orthoclase  and  graphic  mtergrowths  of  quartz  and  felspar  in  the  loom*  debris  have 
been  recognised  as  indications  of  the  existence,  of  tin*  cairngorm-hearing  veins. 
Examination  of  the  cliff  sec  tions  in  the  deep  oorrii1-  reveals  the  presence,  of  \ertical 
or  highly  inclined  veins  of  line  granite  intruded  in  the  coarser  surrounding  rock. 
These  veins  are  more,  acid  than  the.  normal  granite,  an  c  I  contain  dnisy  central  /ones 
in  which  the  crystallisation  is  coarse.  These,  central  /ones  an;  characterised  by 
the  presence  of  graphic  intergrowths,  musco\ito  plates,  and,  where  the  druses  are 
sufficiently  large,  idiomorphic  crystals  of  orthochiscand  more  or  les«  smoky  quart/. 

JJeryl  is  also  present  in  some  cases. 

These  idiomorphie  quartzes  are  (he  cairngorms,  hut  are  only  valuable  when 
largo  and  well  coloured. 

The  veins  probably  represent  the  intrusion  of  more  highly  diilurential"d 
material  from  the  underlying  magma  into  fisMiivs  due  to  contracfion  on  cooling, 
while  the  druses  have  probably  a  similar  origin,  and  Imv  been  lilled  with  hijrhK 
acid  solutions  from  which  the  crystallisation  took  place. 


11.  On-  the,  Circultilimt  (>f  Salt  aitf/  '//,•;  (fpn 
Jiy  WILLIAM  ACKUOYD,  /'./.C'.,  J'nMt'-  Awityitffnr  //(tlifttv. 

])uring  storms  salt  is  driven  from  t)ie  sea  far  on  to  the  laud,  is  dissolved  by 
rains  and  carried  back  to  the  sea  ;  in  calm  times  the  phenomenon  is  also  in  progress. 
Various  computations  have  been  made  of  the  amount  of  salt  deposited  on  the  land 
in  this  manner  from  lUf#>  Ib.  per  acre  per  year  at  Uot.hamsted  to  <>4I  Ib.  at, 
Pennicuick.  The  writer  estimates  that  during  UKX)  UM)1  there  was  I7J'.'>  Ib.  pel 
acre  per  year  deposited  on  the  Pennine,  Hills,  nearly  midway  between  the  Irish  Sea 
and  the  German  Ocean,  at  an  altitude  of  over  1,000  feet  above,  Hwi-leval. 

It  is  shown  that  for  the  Millstone  Grit  and  the  limi  \stone  districts  of  Yorkshire, 

1  Published  in  full  in  the   (icolagical  Mayatuu;  December    1,  \ol.viii.  p.  -1  15, 
October  1801. 

2  Ackroyd,  '  llescarches  on  Moorland  Water*,1  Ft.  II.,  Journ.  Chcm.  fttc  ,  vol.  xxix, 
p.  674. 
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aa  well  as  for  a  bolt  of  American  coast  some  200  miles  broad,  this  cyclic  sea-salt 
forma  fully  00  per  cent,  of  what  is  curried  to  the  seas  by  the  rivers.  Professor 
J oly,  in  his  estimate  of  the  age  of  the  earth,  only  allows  10  per  cent. 

A  study  of  the  phenomenon  is  also  of  importance  in  attempts  to  apportion  the 
causes  of  the  saltness  of  inland  lakes  and  salt  hills,  which  may  Le  duo  to :  (1)  salt 
transported  from  a  contemporary  sea,  or  (2)  salt  derived  from  solvent  denudation, 
or  (.'5)  to  varying*  degrees  of  these  two  influences.  Keasons  are  given  for  regarding 
the  saitnesK  of  the  Head  Sen  ad  being  largely  due  to  the  first  caiiH1,  and  of  the 
Caspian  to  the  second. 


1"J.   Nott'tt  OH.  ///'•  Ocrtifft'iH'r  tif  I*h<N*/thtific  Nwliili'    un 

lit  lite  Up\u'r   Cfn'lutiiijf'fott*   Liinrntons  (  Ywdidi1)  Xericx  tif  thr. 
,  li  If  finy  of  Yvrfchirr  <md  WrtttuwrfaHdJlonlfii:  ////JouN  HJIODKS, 


I  Sy  kind  penuk'-iun  of  the  liriiish  Association  Committee,  on  Carboniferous 
/ones  I  am  enabled  to  announce  the  discovery  of  phosphatic  nodules  and  of  a  rock 
liming  a  phosphatic,  matrix  in  the  Yuredalo  rocks  of  the  following  localities:  — 


r/iimit/tttfic  -\«»////A-x.     Kf/'  <  Vr  (till,  ]'lti«t  »SY»*/w  nf  Kwwth  Frit, 

rriiei»o  nodules  occur  along  with  iron,-  tone  -*eplaria  in  blue  shales  which  rt^t  cm 
the  top  silic.iou*  b"ds  of  the  Underset  LinieMone. 

The  nodules  jin*  confined  to  the,  IOWIT  o  feet  of  the  shale>,  and  are  more 
numerous  in  the  lower  half  than  in  the  upper  half. 

In  same  gill,  and  renting  on  the  chert  of  th"  Little  Limestone,  there  is  n  layer, 
.'5  inches  in  thickness,  containing  phosphntu*.  nndules  embedded  in  a  h'n(>  clayey 
matrix.  It  i>  sprinlrled  ihrnuglunit  with  glauconite  grains  and  angular  chip*  of 
({uart/,  and  is  overlaid  by  ironstone  ,sh;ile<-. 

At  the  ^umi1  horixon  as  above,  but  '2\  mile>  to  the  S.H.,  there  occurs  in  a  gdl 
that  runs  from  Lambfold  Crags  to  Lund*  Church,  2  miles  W.  of  X.  of  Hawes 
Junction,  a  layer  of  rock,  .'J  inches  in  thickness,  with  a  ]»ho!*phatic  matrix 
throughout.  This  layer,  which  has  ,-i  crust  of  brown  iron  ore,  is  rich  in  giauconitc 
hiid  quart/,  grains,  and  also  contains  fragments  of  conodont>,  &c. 

jytnyikf/ffr  AW///CA.     tiun<11nni\  (fill,  Kn*(  &/<>})<'  *  if  Swart  h  Veil,  "2  nrile*  A*.  Jf  '. 
•>f  //(Hi  <•<  ./////  1  •//«//,  )  'or/4  "//*'/  v. 

The  phosphiilic,  nodules  at  this  localitv  occur  throughout  a  limestone  which 
\  ar'n-s  in  ihirKnens  from  .'I  t«»  (J  inches.  This  layei  is  underlaid  and  overlaid  by 
shale  in  morn  or  less  rotten  condition. 

The  horixon  is  doubtful,  but  it  appears  to  be  about  170  feet  over  the  Little, 
Limestone. 

From  thn  upper  surface  of  the  top  ht»d  nf  the  (Vow  l/nuestone,  t'artmero  Gill, 
Kast  Hangli  Fell,  (!risdi\le,  I1}  miles  \V.X.\V.  of  llawes  Junction,  I  have  obtained 
a  solitary  example  «f  «  phosphatir  nodule. 

The  })hosphatic  nodules  and  ]>hosplintic  m:ilri\  exuminetl  show  sponge  spicules, 
but  these  are  for  the  most  part  fragmentary  :  MWH»  are  of  crypto-crystalliue  silica, 
some  replaced  by  calcite,  whilst,  the  axial  canals  are  often"  tilled  with  the  same 
phosuhatic  material  as  the  matrix. 

The  spicules  are  referred  to  hexactinellid  and  to  raonactinellid  sponges. 

lam  very  much  indebted  to  Dr.  G.  J.  Ilindc  tor  notes  on  the  sponge  remains, 
and  also  to  Dr.  W.  Pollard  for  testing  the  phosphates. 
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13.  Note  on  tfo  Discovery  of  a  SViciJied  Plant  tieam  beneath  the  Millstone 
Grit  o/Swarth  Fell,  West  Riding  of  Yorkshire.  Ky  JOHN  RHODES, 
oftlie  Geological  Survey. 

By  kind  permission  of  the  British  Association  Committee  on  Carboniferous 
Zones  I  am  enabled  to  record  the  discovery  of  a  silicified  plant  seain  beneath  the 
Millstone  Grit  at  Swarth  Fell,  and  two  miles  N.W.  of  llawes  Junction. 

The  exact  geological  position  of  the  overlying  strata  is  doubtful,  but  appa- 
rently they  occupy  the  horizon  of  the  grindstone  or  ganister  of  the  district. 

At  this  particular  place,  however,  the  grindstone  or  ganister  is  absent,  nnd  its 
place  is  taken  by  flaggy  silicious  limestones  with  marine  shells  and  by  a  bed  of 
highly  silicious  grit  with  plant  remains,  the  latter  resting  more  or  less  directly  on 
the  silicitied  plant  seam. 

Chert  occurs,  probably  as  lenticles  in  the  uneven  surface  of  the  seam,  and  con- 
tains a  mass  of  detached  silicious  sponge  spicules,  apparently  rod-like  bodies,  which 
may  belong  to  the  anchoring  ropes  of  hex ac tine  11  id  sponges.  In  the  same  chert 
are  included  fragments  of  silicitied  plant  remains  beautifully  preserved. 

In  the  plant  seam  included  pebbles  of  silicious  grit  occur,  which  contain  a  few 
spicules  similar  to  those  in  the  chert,  and  also  plant  remains.  The  plant  seam 
rests  on  a  layer  of  silicified  shale  containing  a  few  fragmentary  sponge  a  pic  ales, 
mostly  rod-like  forms,  one  piece  belonging  to  an  hexactinellid  sponge.  The  beds 
below  are  more  or  less  rotted  clay  shales  with  ironstones  nodules. 

I  am  indebted  to  Dr.  G.  J.  Jlinde  for  notes  on  the  sponge  remains  directly 
associated  with  the  plant  seam.  The  plants  have  not  been  detevmined,  but  have 
been  placed  in  the  hands  of  K.  Kidston,  Esq.,  Stirling. 


WEDNESDAY,  8EPTKMBE11  18. 

The  following  Papers  and  lleporta  were  read  : — 

1.    On   the    Hone-beds   of  Piksrmi,  Attint,  and  on  Sunilni9  Drpoxils   in 
Northern  Eubwa.     By  A.  SMITH  WOODWARD,  LL.D.,  F./t.tf. 

At  the  suggestion  of  the  British  Minister  at  Athens,  Sir  Kdwin  II.  Kgerton, 
K.G.B.,  the  Trustees  of  the  British  Museum  recently  undertook  a  series  of  exca- 
vations in  the  well-known  bone-beds  of  Pikerou  in  Attica,  nnd  I  was  honoured  by 
being  entrusted  with  the  supervision  of  the  work.  The  owner  of  th»»  estate,  Mr. 
Alexander  Skouses,  former  Minister  of  War,  most  cordially  assented,  and  gavo 
every  possible  facility  for  the  undertaking  ;  while  Sir  Edwin  Ejjerton's  unflagging 
interest  and  zeal  combined  to  ensure  the  greatest-  success.  My  wife  and  1  went 
into  residence  at  the  farm  early  in  April,  and  we  continued  to  occupy  the  simple 
but  comfortable  room  which  Mr.  Skouses  had  kindly  placed  at  uur  disposal  until 
the  cessation  of  digging  in  the  middle  of  July. 

During  much  of  the  time  we  were  accompanied  by  Dr.  Theodore  Skouphnp, 
Conservator  of  the  (ipolnprical  Museum  of  the  Uni\cr.sily  of  Athens,  which  claims 
some  share  of  the  results  of  all  such  pxca\ utions  made  in  Greece.  We  have  to 
thank  him  for  much  help  in  dealing  with  the  workmen,  who  spoke  only  a  language 
with  which  I  was  at  first  unfamiliar. 

The  bones  are  occasionally  exposed  by  the  small  stream  in  the  ravine  of 
Pikermi,  nnd  they  seem  to  have  b«-en  first  observed  by  the  English  areli  i  nl.i^Ut. 
George  Finlay,  who  presented  some  to  this  Athens  Museum  in  1835.  Three  years 
later  a  Bavarian  soldier  took  n  few  specimens  to  Munich,  where  Pikormi  and  its 
fossils  were  first  brought  to  the  notice  of  the  scientific  world  by  Professor  Andreas 
Wagner.  Within  the  next  decade  more  bones  were  sent  to  Munich  by  Linder- 
mayer  and  described  by  Wagner ;  while  during  the  winter  of  1852-63  the,  young 
Bavarian  naturalist  lioth  made  the  great  collection  which  was  described  by 
himself  and  AVagner  in  1854,  and  still  constitutes  one  of  the  chief  treasures  of  the 
Munich  Old  Academy.  About  the  same  time  Choeretis  presented  a  few  specimens 
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to  the  Paris  Museum ;  while  the  late  Professor  Mitzopoulos — uncle  of  the  present 
distinguished  Rector  of  the  University  of  Athens — made  a  valuable  and  extensive 
collection  for  the  Athens  Museum,  which  seems  to  have  remained  unnoticed  until 
1883,  when  the  late  Professor  Dames,  of  Berlin,  studied  it  and  wrote  a  brief 
account  of  some  unique  specimens  contained  iu  it.  By  far  the  most  important  exca- 
vations hitherto  made  at  Piker  mi,  however,  are  those  which  were  undertaken  by 
Professor  Albert  Gaudry,  under  the  auspices  of  the  Paris  Academy  of  Sciences, 
between  1855  and  1800.  These  researches  made  known  nearly  all  the  essential 
facts  concerning  the  extinct  mammalian  fauna  entombed  in  the  Piker  mi  formation, 
and  led  to  several  brilliant  „•  :  •  i..1'-  '"  •  •  iirst  published  in  Professor  Gaudry's 
well-known  work  on  the  geo.  ^  ••'•  •  •'  --:••  of  Attica  in  18G2.  During  the  last 
forty  years  only  iM-L-nsliiM!"  diggings  have  been  attempted,  among  them  being  those 
of  the  late  Professors  .Neumayr,  of  Vienna,  and  Dames,  of  Berlin. 

Owing  to  the  permanent  mark  left  by  former  excavations  it  was  easy  to  choose 
sites  for  the  new  explorations  of  the  British  Museum.  Three  pits  dug  in  continua- 
tion of  former  workings  soon  yielded  bones,  and  eventually  furnished  a  very 
extensive  collection.  Two  trial  pits  at  other  points  and  in  slightly  different 
horizons  produced  nothing  except  two  decayed  l-oiM'-fni^-mMit*!  Water  still 
occurs  even  in  dry  weather  a  little  beneath*  the  bed  of  the  stream  ;  but  the 
difficulties  from  this  source  are  now  much  less  than  formerly  owing  to  Mr.  Skousga' 
system  of  irrigation,  by  which  the  flowing  stream  of  the  ravine  is  usually  diverted 
at  a  point  high  up  in  its  course. 

The  Pikermi  formation  lias  already  been  well  described  by  Professor  Gaudry. 
It  consists  chiefly  of  red  marl,  varied  with  lenticular  masses  of  rounded  pebbles  and 
occasional  yellowish  sandy  layers.  Some  of  the  pebble-beds  are  cemented  into 
hard  conglomerate.  The  materials  are  such  as  might  have  been  derived  from  the 
mountain  mass  of  Pentelicon,  which  forms  the  neighbouring  high  ground,  the 
marl  itself  being  apparently  the  detritus  of  marble  or  other  calcareous  rock.  The 
formation  is  of  great  extent  in  Attica,  nnd  has  only  attracted  special  notice  at 
Pikermi  because  a  stream  happens  to  have  cut  a  deep  ravine  through  it  and 
exposed  fine  sections  of  the  beds. 

As  already  observed  by  Professor  Gaudry,  the  bones  at  Pikermi  occur  in  two 
definite  horizons,  those  in  the  lower  bed  being  less  fragile  and  better  preserved 
than  those  in  the  upper  bed.  In  two  of  our  new  pits,  where  the  upper  horizon  ia 
well  exposed,  it  is  subdivided  into  two  distinct  layers  by  a  nearly  barren  deposit  of 
marl  from  JK)  to  4o  cm.  in  thickness.  The  rotten  nature  of  the  bones  is  partly  due 
to  their  having  been  close  to  or  at  the  burfaco  and  eroded  by  the  present  stream 
before  being  covered  by  tho  three  or  four  metres  of  superficial  gravel  which  now 
preserves'  them.  The  "tones  are  also  broken  by  tho  penetrating  rootlets  of  trees. 
The  lower  horizon  is  at  a  depth  van  ing  from  one  to  two  metres  below  the  upper 
horizon,  and  thus  secure  from  destruction  by  surface  agencies.  Like  each  ol  tho 
two  upper  bono  beds,  it  is  rarely  more  than  JiO  cm.  in  thickness;  while  the  marl 
above  and  below  it  is  almost  destitute  of  bones,  rarely  yielding  more  than  rotten 
fragments,  but  quite  prolific  in  scattered  land  and  fresh-water  shells.  The  deepest 
excavations  beneath  the  lower  bone-bed  descended,  for  about  three  and  a  half 
metres  and  furnished  tho  bone-fragments  and  shells  throughout. 

So  far  as  can  be  judged  at  present  from  the  new  excavation^,  the  three  bone- 
beds  of  Pikormi  are  nil  of  the  same  nature  and  contain  the  same  mammalian 
remains.  The  bones  are  massed  together  in  inextricable  confusion,  and  are  often 
mixed  with  a  few  pebbles.  Large  and  small  bones,  whole  specimens  and  splintered 
fragments,  all  occur  together;  but  the  small  bones  are  usually  most  numerous  at 
tho  bottom  of  the  layer.  Several  specimens  of  approximately  the  same  shape 
and  size  are  often  met  with  in  groups,  as  if  they  had  been  sorted  by  water  in 
motion.  On  one  occasion,  for  example,  the  scattered  remains  of  many  gazelles 
were  found  together;  in  another  spot  there  were  several  skulls  of  Tragoceras 
in  one  mass;  in  other  cases  nearly  all  the  bones  belonged  to  limbs  of 
Hippanon ;  while  one  area  was  specially  characterised  by  pieces  of  vertebral 
column  of  ruminants  and  Ilipparion,  The  elongated  bones  and  elongated  groups, 
however,  wore  never  observed  to  trend  in  one  definite  direction,  but  were  always 
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disposed  quito  irregularly,  thus  indicating  that  in  the  region  where  the  bones 
eventually  accumulated  the  water  by  which  they  had  been  transported  either 
became  still  or  moved  only  in  gentle  eddies. 

Very  few  nearly  complete  skeletons  occur,  and  even  when  chains  of  vertebrte 
are  preserved  most  of  the  ribs  are  lacking.  Tho  only  approximately  complete 
skeletons  observed  during  the  recent  excavations  worn  thorn  of  some  Oarmvora 
(Ictitherium,  Metarctos,  nnd  Mucheerodus),  Jt  is,  however,  obvious  that  many  of 
the  bones  were  still  held  together  by  ligaments  at.  the  time  when  they  were 
buried,  for  numerous  complete  feet  and  nearly  complete  limbs  are  found  with  all 
the  bones  in  their  natural  position.  It  is  also  to  bu  noted  that  in  most  cases  these 
limbs  are  sharply  bent,  so  that,  the  two  or  three  segments  are  almost  parallel,  as  if 
they  had  retained  the  contraction  assumed  at  death.  Some  decomposition  of  the 
soft  parts  hud  already  taken  place  even  in  these  instances;  for  a  few  of  the 
phalanges  of  the  hipparions  and  ruminants  are  often  wanting  when  the  other  bones 
of  the  limb  are  still  in  their  natural  association,  while  the  phalanges  of  the 
rhinoceros-feet  seem  to  bo  always  lost,  though  the  three  associated  m  eta  podia  Is  are 
quite  common.  Similarly,  the  loosely  articulated  mandible  of  the  Ungulata  is 
nearly  always  removed  from  the  skull ;  it  is  only  commonly  preserved  in  place  in 
the  Carnivora  and  Quadrumana. 

The  majority  of  the  bones  are  quite  isolated,  and  most  of  tho  skulls  of  the 
antelopes  are  so  much  broken  that  only  the  frontlets  with  horn-cores  remain.  A 
large  proportion  of  the  limb-bones  are  also  sharply  fractured,  sonic;  having 
completely  lost  both  extremities  ;  and  small  pointed  splinters  of  bono-  apparently 
most  of  Rhinoceros — are  often  very  numerous.  Somo  of  the  breaking  must  have 
taken  place  before  the  soft  parts  had  entirely  decayed,  as  is  shown  by  certain  feet 
of  Rhinoceros  and  many  limbs  of  Ilipparion  and  antelopes.  In  a  few  cases  I 
found  the  three  associated  metapodials  of  Ithinorems  with  the  distal  ends  as 
sharply  removed  as  if  they  had  been  cut  oft'  with  one  blow  of  a  hatchet.  In 
several  instances  I  carefully  extracted  the  noarly  complete  hind  limbs  of 
Hipixirion  from  t^e  soft  marl,  and  in  all  except  one  *I  found  that  tho  tibia  ended 
abruptly  in  a  sharp,  oblique  fracture  at  its  middle,  with  no  trace  of  the  proximal 
end  of  this  bono  or  of  the  femur.  Moreover,  nearly  all  the  isolated  tilmis 
of  Ilipparion  were  similarly  fractured;  while1  among  about  iift\  examples  of 
humerus  of  the  same  animal  only  three  complete  specimens  were  found,  all  the 
others  being  sharply  broken  at  the  weakest  point  of  the,  shaft.  It  is  therefore 
evident  that  the,  limbs  were  often  torn  from  the  trunk  by  a  sharp  break  at  their 
weakest  point  before  the  decomposition  of  the  soft  parts  had  proceeded  far  enough 
to  destroy  the  ligaments. 

The  new  researches  make  scarcely  any  additions  to  the  known  fauna  of  tin* 
Pikermi  bone-beds,  and  confirm  Professor  Gaudry's  statement  that  the  smaller 
rodents,  insectivores,  and  bats  are  absent.  The  only  striking  discn\ery  consists 
in  fragmentary  evidence  of  a  gigantic  tortoise,  at  least  os  large  as  the  largest 
hitherto  found  in  Europe.  Many  specimens,  however,  afford  important,  new 
information  concerning  the  species  already  described.  Notable  among  these  are  a 
few  portions  of  skull  and  a  mandible  of  Plinhyrav,  a  skull  of  tiatHnfhcrium,  a  skull 
of  Hyatri.v  primiffctiia,  and  the  greater  part  of  a  skeleton  of  Meiarrto*.  Remains 
of  Ilipparion  are  the  most  abundant  fossils,  and  thu  now  series  of  specimens 
illustrates  variations  and  growth-stages  more,  satisfactorily  than  any  collection 
hitherto  made.  Isolated  bones  and  skulls  of  Rhinoceros  are  also  common ;  and 
antelope-remains  occur  everywhere  in  great  profusion.  Limb-bones  of  HiraHidn* 
are  found  abundantly  in  the  lower  bone-bed.  Mwtoifan  is  rarer ;  but  two  small 
ukulls  were  obtained  from  tho  new  excavations,  and  several  very  largo  limb-bones 
were  found.  Among  Carnivora  Ictithcrium  is  the  commonest  form ;  but  remains 
of  Hycena  aro  not  infrequent,  and  evidence  of  four  individuals  of  Macherrudm  was 
discovered  during  the  present  diggings,  Coprolitos  of  somn  bone- feeding 
Carnivore,  probably  Tfy^iia,  nl-o  occur.  Skulls  and  other  portions  of  Mrtojrithrcus 
are  frequently  met  with.  Tho  shells  of  the  small  Twtvdo  marmomm  are  some- 
times complete,  but  always  lack  tho  skull  and  other  bones  of  the  skeleton.  Tho 
Chelonian  shells  themselves  are,  indeed,  more  frequently  broken  ahd  '!'•*•:«' •  j-p'.il : 
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and  a  large  proportion  of  the  bone  fragments  discovered  between  and  below  the 
bone-beds  are  recognisable  as  pieces  of  them.  It  is  noteworthy  that  a  good 
specimen  of  Tettudo  marmorwn  was  found  in  the  marl  between  the  upper  and 
lower  bone-beds  in  one  pit;  and  a  small  undetermined  snake  was  discovered  in 
u  similar  position  in  another  pit. 

While  the  excavation  of  these  fossils  was  in  progress  at  Pikermi,  Mr.  Frank  Noel, 
of  Achmet  Aga  in  Northern  Kuh<ea,  accompanied  Sir  I'M  win  Hgerton  on  one  of 
his  visits,  Ho  recognised  that  the  Pikermi  marls  were  similar  to  some  containing 
fossil  bones  on  his  own  estate.  He  also  perceived  the  identity  of  the  remains  of 
JHjywrifjH  at  1'ikermi  with  the  commonest  fond!  bones  with  whirl]  he  was  familiar 
at  Achmet  Aga.  Many  years  ago  he  had  sent  some  of  these  bones  fo  the  Athens 
Museum,  but  they  worn  to  have  been  lost  and  had  never  received  any  attention 
from  the  Greek  naturalists.  He  therefore  invited  the  British  Museum  to  examine 
the.  discovery  ou  hi<*  estate  and  decide  whether  or  not  the  extinct  Pikermi  fauna 
was  there  represented. 

A  brief  >  hit  to  the  locality  where  the  bones  occur,  near  Achmet  Aga,  sulKced 
to  confirm  Mr.  Noel's  anticipations.  The  interesting  spot  is  in  a  deep  ravine  on  the, 
steep  slope  just  below  the  Aillage  of  Drn/i  at  an  elevation  of  nearly  200  metres 
above  the  sea  level.  Th«  torrent  has  cut  through  a  thick  deposit  of  red  indurated 
marl  much  like  that  of  Pikermi,  ami  bones  aro  noticeable  in  the  section  at  many 
points.  Tiireo  days'  digging  at  one  place  revealed  two  bone-beds  separated  by  a 
thin  layer  of  marl.  The  i)<»m.'s  seem  to  U>  as  abundant  and  varied  us  those  at 
Pikermi,  and  they  exhibit  exactly  the  same  features,  llqtpari^n  is  again  the 
commonest  fossil,  and  mingled  with  the  complete  bones  are  splintered  fragments 
Land  and  fresh-water  .shells  also  occur  in  great  abundance.,  especially  a  species  oi 


Nearly  all  the  bones  dipcoxered  during  this  brief  visit  were  too  rotten  for 
preservation;  but  the  weathered  face  of  the  section  alone  was  explored,  and  the 
fossils  would  doubtless  be.  found  in  good  condition  further  inward".  Among  them 
could  be  recognised,  besides  the  innumerable  remains  of  Ili^/wrinii,  parts  of  a 
skull  and  tibia  of  /if///wocm»*,  a  frontlet  of  (faylht  Aw/cor/iix,  jaws  of  a  small 
ruminant,  a  large  ruminant  motapodial  ('  probably  Nituntt/ierium},  part  of  a  skull 
and  inniidible  of  JLctithrrhim,  and  Koine  small  cMrnivore  vertebra*.  There  was  also 
part,  of  the  skull  of  a  small  specif  'ft  of  Ort/rtemjw*,  xxhich  1  wa<*  able  to  preserve 
and  bring  for  comparison  with  the  skull  of  the  same  genus  from  Samt»s  now  in  the 
J  British  Museum. 

From  these  observations  it  is  evident  that  the  Pikermi  bone-l>pds  are  not  mereh 
a  local  accident-,  but  are  due  to  some  widespread  phenomena.  The  two  localities 
described  arc  about  sixty  miles  apart,  and  seem  to  be  situated  in  two  distinct  Tertiary 
basins  separated  by  a  barrier  oi  (Yetaceou*  linieHtnne*  and  earlier  rocks.  What- 
ever the  catastrophe  may  have  been  by  which  the  animals  were  suddenly 
destroyed,  it  clearly  happened  in  both  places  at  least  twice  if  not  three  times 
within  a  comparatively  short  period.  The  powerful  force  which  broke  up  and 
transported  the  bodies  before  they  had  completely  decomposed  was  probably  the 
same,  in  each  cn«e  ;  while  the  final  resting  place  of  the  bones  both  at  Pikermi  and 
Drnzi  must  have  been  beneath  comparatively  tranquil  water  \\here  they  could  be 
(prickly  buried  in  mud.  The  absence  of  all  trace  of  -vegetable  matter  is  curious; 
but,  the  most  plausible  explanation  of  the  broken  limbs  and  torn  portions  of  trunks 
seems  to  be  that  the.  bodies  were  hurried  by  torrential  Hoods  through  thickets  or 
true-obstructed  watercourses  before  they  reached  the  lakes  in  which  they  iinally 
rested.  Accompanying  stones  in  rapid  motion  may  account,  for  some  of  the  bone- 
fragments. 

2.  Th<t  Ft  t  yum  Drprrt*wn  :  A  ]*iv?ituhuiri/  Notice  of  tlw  (froloyy  of  a 
District  in  Kt/ypf  containing  tt  AV/r  /9tt?tt  orient*  forlfbrate.  Fauna. 
////  1Iiic;ii  .1.  L  § 


The  Kayum  is  a  large  circular  depression  in  the   Libyan  Desert,  some  fifty 
miles  south-west  of  Cairo.      The   lower  part  —  an  area   of  some1   1,500  square 
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kilometres — is  occupied  by  a  large  lake,  the  IJirket  el  Quran,  and  an  inhabited 
cultivated  district,  irrigated  by  a  canal,  entering  the  depression  from  the  Nile 
Valley.  This  central  part  is  surrounded  by  an  arid  desert,  rising  by  a  series  of 
escarpments  to  varying:  heights,  those  on  the  north,  side  attaining  an  elevation  of 
400  metres  above  the  lo\yest  part  of  the  depression.  The  depression  is  cut  out  in 
rocks  of  Eocene  and  Oligocene  age,  bill,  within  the  hollow  still  younger  deposits, 
of  Pliocene  and  Post-Pliocene  date,  are  found. 

The  lowest  beds  exposed  in  the  depression  aro  the  clays,  marls,  and  limestones 
with  Nu,mmnlite*  f/ize/iensi*  of  Middle  Eocene  age.  Those  are  succeeded  by  a 
group  of  marly  limestones  and  gypseous  clays  which  largely  underlie  the 
cultivated  alluvium  of  the  Fayum.  The  latter  are  followed  by  a  series  consisting 
of  clays,  sandstones,  and  calcareous  grits,  some  bods  of  which  tire  characterised 
by  the  abundance  of  Operuulina  and  small  inmimuiites.  This  last  group  is 
followed  by  the  uppermost  Eocene  marine  beds,  an  alternating  series  of  clays, 
sandstones,  and  limestones,  the  '  Cnrnlia  beds '  (equivalent  to  tho  upper 
Mokattam  of  Cairo),  characterised  by  an  abundant  invertebrate  and  vertebrate 
fauna. 

Above  the  Carotin  beds,  and  well  marked  off  from  the.ni  bothr.'.li  •!  •.''••  n1-. 
and  palocontologically,  is  found  a  grout  thickness  of  variegated  thivio-mariiit) 
sands,  sandstones,  clays,  and  marls,  divided  near  tho  summit  by  one  or  more 
intercalated  lava  sheets. 

The  beds  above  the  basalt  are  certainly  of  Oligocene  ago,  and  probably  a  larg.» 
part  of  those  below ;  but  the  basal  beds  appear  to  represent  the  Tipper  Koceno, 
there  being  evidently  a  perfectly  gradual  transition  from  Ko^eno  to  Oligocene  iu 
this  area. 

During  a  survey  of  the  area  in  1898  the  author  found  that  certain  strata  of  tho 
series  were  veritable  '  bone  beds,'  being  crowded  in  plices  with  the  remains  of 
crocodiles,  ribs  of  cetaceans,  fish  bones,  and  coprolites. 

In  May  1901  he  returned  to  tho  district  with  the  special  object  of  re-examining 
and  more  carefully  searching  the  most  promising  beds,  and  on  thus  expedition 
he  was  accompanied  by  Dr.  0.  \Vr.  Andrews,  of  the  British  Mu.-imm  (Natural 
History).  On  their  return  journey  to  (Viro  they  were  most  fortunate  in  crossing 
the  Eocene  escarpments  at*  a  point  where  a  considerable  number  of  marine  and 
terrestrial  vertebrate  remains  lay  exposed  on  the  surface  of  tho  bone  beds,  and  »i 
fortnight's  careful  work  resulted  in  an  unique  collection  of  entirely  now  mam  main 
and  reptiles. 

A  preliminary  description  of  the  most  interesting  of  theso  is  now  beinsr 
published  by  Dr. "Andrews  in  the  'Geological  Magazine, ' and  Capt.  Lyons  intends 
to  issue  as  soon  as  possible  a  complete  survey  memoir  on  tho  district  by  tho 
author,  with  a  description  of  the  vertebrate  remains  by  Dr.  Andrews. 


3.  Report  on  the  Movement*  of  Underground  Waters  of  N.W.  Yorkshire. 
See  Ileports,  p.  3-'57. 


4.   On  the  Fhynical  History  of  the  Norwegian  Fjords. 
Jiy  Professor  EDWARD  HULL,  M.A.,  LL.D.,  F.R.N.,  F.G.8. 

That  the  Norwegian  fjords  were  originally  river-valleys  is  a  statement  which 
scarcely  admits  of  controversy.  In  their  form,  outline,  and  topographical  position 
they  are  simply  prolongations  of  the  valleys  which  descend  into  the  sea  partly 
submerged ;  and  if  the  land  were  still  further  submerged,  as  it  onco  was  to  tho  extent 
of  200  metres  according  to  Andr.  M.  Ilansen,  the  fjords  would  be  prolonged 
beyond  their  present  inland  limits  without  much  variation  of  form. 

The  process  of  valley  erosion  by  rain  and  river  action  is  nowhere  in  Europe 
more  admirably  exemplified  than  in  Western  Norway,  and  the  process  may  be 
supposed  to  have  been  in  operation  in  the  early  formation  of  tho  fjord  channel* 
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themselves  before  the  epoch  of  submergence.  But  when  we  come  to  examine  the 
form  of  the  channels,  as  shown  by  the  soundings  marked  on  the  Admiralty 
charts,  we  find  ourselves  confronted  by  the  remarkable  fact  that  the  beds  of 
the  channels  descend  to  very  great  depths,  far  exceeding  those  of  the  outlets 
where  the  fjords  open  out  upon  the  floor  of  the  North  Sea.  Now  as  river  valleys 
must  necessarily  increaso  in  depth  from  their  sources  to  their  outlets,  we  are  hero 
brought  face  to  face  with  a  physical  problem  which  apparently  is  inconsistent 
with  our  view  of  the  original  character  of  these  channels  as  stated  above.  To 
the  solution  of  this  problem  wo  must  now  shortly  apply  ourselves. 

2.  General  form  of  the  fjvrd-bedx. — Tho  numerous  soundings  laid  down  on  the 
Admiralty  charts  of  1865  and  i486  enable  us  to  determine  with  accuracy  the  form 
of  tho  submerged  portions  of  the  fjords.  Using  these  «*oundinp<<,  and  by  their  aid 
laying  down  the  isobathic  contours,^we  arrive  at  results  sufficiently  remarkable. 
In  the  case  of  the  Ilardanger,  the  Feris,  the  Sogne,  the  Nord,  the  Vnrtdals,  and 
the  fStor  Fjords  with  their  branches  we  find  that  shortly  after  passing  the  entrance 
from  the  outer  sea  and  the  chain  of  islands  which  fringes  the  coast  of  the  mainland 
they  rapidly  descend  to  great  depths,  which  are  continuous  for  long  distances 
inland,  and  then  gradually  become  shallower  toward  the  upper  limits,  where  they 
pa&s  into  river  valleys  characterised  by  terminal  moraines  of  ancient  glaciers,  or 
old  sea  terraces.  1  n  carrying  out  the  mapping  of  the  contours  the  author  has 
adopted  the  following  soundings : — 

(1)  Those  of  tho  lOU-fatlioni  contour     (600  feet). 

(2)  „          ..    200      .,  „        (l.-'OOteet). 
(:*)        „          .,    ion      „            „        (L',400feet). 
(4)        „          „    GOO      „            „         (:J.GOO  feet), 

Tim  floor  of  the  Sojrno  Fjord.  descend-*  to  oven  greater  depths  than  the 
lust  of  these,  \ix,  (>(>l  fathom*  ^»,t)0(>  feet),  which  is  i cached  in  the  case 
of  tho  Soj;no  Fjord  at  a  distance  of  about  2o  miles  from  the  entrance.  At  the 
entrance  the  depth  seldom  exceeds  100  fathoms  (000  tc«t),  and  is  generally  less  ; 
but  once  the  deep  water  is  reached  then;  i*  little  change  of  level  for  long  distances. 
As  regards  the  errors-section  of  the  principal  fjord*-  a  glance  at  the  charts  shows 
that,  they  retain  the  form  of  narrow  channel's  with  little  variation  hi  breadth, 
receiving  tributaries  on  either  luind  and  bounded  by  steep  or  precipitous  wall*  of 
rock,  as  in  the.  case  of  the  valleys,  of  which  they  aiv  only  prolongations  under  tho 
suriace  of  the  swa. 

.'5.  When  endeavouring  to  account  for  the  peculiar  form  of  the  fjords  and  the 
depth  of  their  floors  over  the  central  port  ions  we-  mu^t  not  forget  that  these  old  river 
vallevs  were  the  channels  of  great  gluoiers  during  the  Post-Pliocene  or  (Uacial 
period,  and  that  glacial  erosion  has  contributed  to  the  deepening  process*.  Some 
Norwegian  geologists,  such  as  Hanson,1  attribute  to  this  deepening  of  the  original 
channels  by  glacier  erosion  on  the  one  hand,  and  to  the  piling  up  of  enormous 
rondos  of  moraine  matter  at  the  entrance  on  tho  other,  the  great  disparity  of  the 
depth  of  tho  fjords  at  tho  inner  ami  outer  stages  of  their  course.  To  the  latter 
cause  tho  author  fully  assents ;  but  he  is  doubtful  whether  glacier  erosion  has 
had  the  effect  of  adding  many  hundreds  of  feet  to  the  depth  of  the  original  floor 
of  tho  valleys.  Hut  leaving  this  question,  wo  have  to  consider  a  second  problem  : 
by  what  means  did  the  original  rivers  empty  themselves  into  the  ocean  before  the 
Glacial  period,  vlien  there  was  neither  deepening  of  tho  Jloor  by  glacial  erosion 
nor  shallowing  by  moraine  matter  !J  Previous  to  the  (Uncial  epoch  the  rivers 
must,  in  tho  author's  view,  have  entered  tho  outer  ocean  through  channels  which 
cannot  now  be  clearly  traced  by  soundings  over  the  shallow  floor  of  the  North  Sea. 
At  the  same  time  it  is  certain  that  it  was  by  such  channels  that  they  reached  their 
ultimate  destination  in  tho  Arctic  Ocean,  because,  rivers  as  they  tlow  seawards  must 
necessarily  descend  to  lower  levels.  This  being  so,  it  folloXva  that  the  channels 
do  actually  exist,  though  they  may  not  bo  traceable  by  the  soundings  over  the  flow 

1  yorvHiy,  edited  by  Pr.  Steu  Konow  and  Karl  Fischer,  May  1000.     Translated 
by  J.  G.  Christie,  Miss  Muir,  and  others. 
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of  the  comparatively  sliallow  ISorth  Sea,  and  wo  have  to  consider  why  it  is 
that  they  are  untracoablc. 

The  cause  appears  to  be  closely  connected  with  the  subsequent  submergence  in 
later  or  Post-Glacial  times,  as  indicated  by  the  raised  beaches  and  terraces.1 
During1  this  epoch  the  glaciers  had  only  partially  disappeared  or  receded  from  the 
lower  valleys.  Great  quantities  of  mud,  band,  gravel,  and  boulders  would  be 
carried  down  by  the  streams  and  distributed  by  floating  ice  over  the  sea-bed. 
By  such  material  the  whole  floor  of  the  North  Sea  has  been  overspread  to 
unknown  depths,  and  owing  to  the  agency  of  tides  and  currents  would  have  been 
swept  into  the  deep  channels  of  the  pre-existing  rivers.  The  author  is  convinced 
that  were  it  possible  to  strip  the  floor  of  the  North  Sea  of  its  sedimentary  co\er- 
ing  these  channels  would  be  found  traversing  the  lioor  of  the  continental  platform, 
and  ultimately  opening  out  by  canon-like  channels  on  the  floor  of  the  Arctic  Ocean. 

The  phenomena  here  observed,  or  inferred,  have  their  representatives  along  the 
coasts  of  the  Briti&h  Isles  and  Western  Europe.  In  both  cases  there  is  the 
shallow  continental  platform,  terminating  in  a  deep  and  rapid  descent  to  the 
floor  of  the  abyssal  ocean,  and  traversed  by  channels  of  ancient  rivers  traceable 
by  the  soundings  in  the  case  of  Western  Europe,  or  inferential  in  the  case  of 
Western  Scandinavia.  In  a  few  cases  these  channels  are  for  short  distances 
clearly  indicated  on  the  charts,  as,  for  example,  in  the  casd  of  the  Bredsund  Dybet, 
which  is  a  prolongation  of  the  Stor  Fjord  out  to  sea,  between  the  inlands  of  Godo 
and  Harejdo  in  lat.  62J  30',  with  a  general  depth  of  100  fathoms  below  the 
adjoining  floor  of  the  sea ;  and  there  are  a  few  other  similar  cases. 

Outline  of  the  physical  history  of  thi*  fjords. — As  connected  with  the  past 
liistory  of  the  Norwegian  fjords  thy  following  appear  tu  bo  the  most  important 


1st  (Earliest)  IVriod. — Continental  condition^;  Arcluean  rocks;  river 
erosion  begins. 

2nd  Period. — Partial  Mibnu  Thence  in  early  Silurian  tiincN. 

3rd  Period.— ^tilo  \ation  of  land  during  Me&u/nm  and  Tnlriry  periods  ,  further 
deep*  nil  if!  of  rive*  channels'. 

4th  Period.— Qiirtter/mn/.  Karls  (ikirinl:  great  I'Kttiitmn  of  land  and 
ultimate  extension  of  {•.nowiield.-  and  glaeu  iv.  Ice  tilling  the  \allt'\  -  and  moving 
out  to  sea. 

5th  Period. — Qtttftmttm/.  Poat-<  Uacial  ,  Mib^dein-e  niul  p-n-tisil  ^ili'n- 1 _'»•••.  • 
of  land;  retreat  of  tins  glacier*.  Icrbt-igs  and  i.ifts  i  ou*i ing  tin:  adjoining  M'n. 
Amelioration  of  climate. 

Will  Period. — llwitl.  Ite-t-lovution  to  nppimimately  jn'ewiit  position  with 
regard  to  the  outer  ocenu.  Formation  of  raised  beaches  (^trund  linien). 

The  paper  concluded  Avith  si  rompim-on  bet  wren  the  above  pln.sical  feature  8 
as  they  occur  in  Nor\vay  with  tho*?  ol  Scotland. 

5.   Oil  the  Oi'ifjhi  of  lit?  Grard-/ff/t*  of  Siii'tvy  (.'IK/  /in'ktthirr.- 

JjjJ  HORACE  W.  MONCKTOV,   /''.  A.N., '  F./'//.X. 

On  the  south  of  the  Thames  flat  expanses  of  ifra\el  are  largely  developed. 
They  he  at  various  levels  from  000  feet  O.I),  at  Cicwar's  Camp,  Aldershot,  down 
to  almost  sea-level  in  the  Thames  valley  near  London. 

The  gravel  is  of  variable  thickness  ;  perhaps  15  feet  in  about  the  average. 

There  are  similar  gravel-flats  north  of  the  Thames,  but  there  drift  questions 
are  complicated  by  the  presence  of  glacial  beds. 

1  According  to  Professor  Reusch  the  terraces  with  marine  shells  reach  iin  eleva- 
tion of  about  200  metres  (620  feet)  in  the  Troiidheim  difltiict;  but  the  author 
during  a  recent  visit  was  unable  to  observe  any  higher  than  230  feet  .south  of  this 
position. 

*  Published  in  full  in  the  Geological  31ttya;hic,  December  4,  vol.  viii.  November 
1901. 
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The  author  suggests-  —  « 

1 .  That  the  gravels  are  river  gravels  formed  since  the  country  last  rose  above 
the  sea ; 

2.  That  thn  process  of  elevation  was  nnt  continuous,  but  that  short  periods  of 
rapid  movement  were  separated  by  long"  periods  of  repose  ; 

tf.  That  the  gravel-flat»  are  the  work  of  the  rivers  during  the  periods  of 
repose ; 

1.  That  the  ear  Mi-movements  did  not  affect  the  whole  area  uniformly,  and  that 
local  depressions  occurred. 

In  support  of  these  concisions  the  author  refers  to  the  step-terraces  so  common 
in  the  fjords  and  to  tho  old  coast -plain  and  shore-lines  which  occur  above  and 
below  the  present  sea-level  on  the  Norwegian  coast. 

•Nh  evidence  of  local  depression,  he  refers  to  the  deep  channel  of  Drift  in  tte 
valley  of  the  <1smi,  described  by  Air.  \V.  Whitaker,1  and  to  the  great  thickness  of 
the  (J'jrbivntaJlHmhudix  bed  at  Crayford. 


G.    On   thti    Occurrence  of  Dloi  lit  associated  with  Granite  at  Assouan) 
r  Eyypt.     J>y  ALEXANDER  SOMKBVAIL. 


Immediately  below  the  front  of  the  Cataract  Hotel  there  w  exposed  an 
interesting  >oction  of  the  reddish  granite  of  the  neighbourhood.  Tt  is  notable  for 
a  maps  of  dark  diorite,  which  fc-eems  to  cut  it  a*  a  vein  or  dyke,  running  in  an 
j;.X,E.  and  W.S.W.  direction. 

The  breadth  of  this  dyke-like  mat*  is  variable,  but  on  an  average  it  is  about 
three  feet  wide. 

Tho  walls  of  Imtli  are  as  a  rule  sharply  defined,  without  any  apparent  passage 
of  the  one  into  the  other,  although  nt  >ome  portions  of  the  margin  of  the  diorite 
there  are  a  few  red  crystals  of  the  felspar  of  the  bounding  granite. 

There  sire,  howe\er,  about  the  central  portion  of  the  diorite,  crowing  it  at 
right,  singles,  two  Miitill  veins  of  the  reddish  granite  of  the  parent  raas-.  One  of 
theM»  is  only  about  quarter  of  mi  inch  wide,  mid  the  other  about  t\vo  inches  in 
width. 

These  two  vein.x  are  both  in  coluur,  and  alwi  in  composition,  exactly  the  M&inr; 
as  the  mother  ruck;  and  are  not  continued  into  the  parent  mass  as  distinct  veins, 
but  nre  e.Nsentially  ii  part  of  the  prunite  itself. 

Tin-  iiuthor  did  not  enter  upon  any  theory  of  explanation,  but  it  i$.  he  tiunk.->, 
olniou.s  flint  t  lie  granite,  and  diorite  arc  not  separated  Irom  each  other  by  any 
prcat  dill'erence  of  u«:v. 


7.  -AW'*  tut  Mine  f/oriifffriH/t'  Porphi/fitrs  of  I  irlofiti  (Ausft\i?iti)m 
/if/  JAMKS  STIIUJNCI,  (Ion  f/nurnf  (fe.ufor?i*f  of  Victoria. 

The  existence  of  auriferous  quartz  %oins  associated  with  a  claNs  of  eruptive 
rocks,  which  are  intrusive  to  the  Upper  Silurian  formation  (^shales,  sandstones, 
cons;lomc»raies,  mid  limestone^)  erf  Victoria  hns  long  been  known.  The  frequent 
omirrence  oC  hornblende  in  this  cla^s  of  rock  has  led  to  the  use  of  the  term 
tlioritr  lor  most  of  the  dykes,  although  marked  differences  in  mineral  composi- 
tion nnd  structure  were  frequently  observed.  During  u  recent  geological  and 
underground  sur\ey  of  the  Walhall*  Uoldlield,  where  the  dykes  were  classed  as 
tliorit?*,  I  caused  a  number  of  samples  of  the  dykci  to  be  selected  and  flUced  for 
petrographic  invcstigati(»n,  with  the  result  that,  many  of  thn  intrusive  rocks  were 
found  to  belong  to  several  different  classes,  in  which  hornblende  was  either 
wholly  abt-L-nt  or  but  sparingly  represented,  being  replaced  by  :: '  ,-,  f.»  "\.i*j  mica- 
,  &c.  This  inquiry  led  to  a  closer  examination  of  the  well-known  Wood's 

1  f  i-urt.  Johrn.  fool.  Soc,,  vol.  xlvi.  p.  333. 


G64  &EPORT — 1901. 

Point  diorites,  in  which  hornblende  is  notably  present,  with  the  result  stated 
in  the  accompanying  petrographic  note.  It  is  intended  to  continue  the  systematic 
investigation  of  all  the  Victorian  so-called  diorites,  particularly  those  with  which 
auriferous  quartz  veins  are  associated. 

In  this  investigation  I  shall  have  the  valuable  co-operation  of  Mr.  F.  P. 
Mennell,  an  Australian  student  at  the  Koyal  School  of  Mines,  London. 

The  following  brief  description  is  intended  as  a  preliminary  note  : — 

WOOD'S  POINT,  VICTORIA. 

Slide  277. — This  slice  was  cut  from  a  dark  coloured,  even-grained  rock  of 
granitic  aspect.  'The  specific  gravity  is  high  (2*9).  Black  hornblende  is  the  most 
conspicuous  constituent;  ilmenite  and  pyrites  can  also  be  recognised  by  their 
characteristic  colour  and  lustre.  Under  the  microscope  the  rock  does  not  show 
that  simplicity  of  structure  which  might  be  inferred  from  its  appearance  in  hand 
specimens.  Hornblende  is  still  the  mineral  which  gives  a  distinctive  character  to 
the  rock ;  but  the  whitish  material  with  which  it  is  associated,  though  much 
decomposed,  is  at  once  seen  to  be  of  a  complex  nature. 

Constituent  Minerals:  Hornblende. — This  mineral  occurs  in  large  granules, 
often  showing  crystal  faces,  thouprh  the  outline  is  frequently  too  indefinite  for  the. 
form  to  be  determined  with  precision.  The  prismatic  cleavage  is  generally  well 
marked,  though  some  crystals  show  irregular  cracks.  The  colour  is  in  mot-t  cases 
brown,  though  some  of  the  crystals  are  of  a  greenish  tinge,  and  a  few  are  quite 
colourless.  The  coloured  varieties  exhibit  strong  pleochroism  (fairly  deep  brown 
to  almost  colourless).  Sections  showing  only  one  set  of  cleavage  traces  give  a 
maximum  extinction  angle  of  20°. 

Felspar. — The  predominant  felspar  is  evidently  plagioclase,  though  owing  to 
its  decomposed  state  and  the  absence  of  twin  lamellation  or  cleavage  traces  it  is 
difficult  to  assign  it  with  certainty  to  its  proper  position  in  the  albite-anorthite 
series.  It  seems,  however,  to  bo  a  basic  oligoclatse,  and  it  is  notable  that  in  ono 
or  two  instances  it  presents  crv  stal  fuses  to  the  hornblende.  Orthodnse  is  also 
present,  chiefly  intergrowu  in  crystallographic  relation  with  quart/,  forming 
inicropegmatitic  patches,  which  give  to  portions  of  the  rock  very  much  the 
appearance  of  a  granophyre. 

Quartz  occurs  almost  entirely  in  micrographic  intergrowth  with  the  orthoclaso 
as  sharply  defined  skeleton  crystals,  often  triangular  in  outline.  It  is  thus  of 
prior  consolidation  to  the  felspar  with  which  it  is  associated,  and  in  thin  bertion 
is  the  more  distinct  from  its  being  entirely  unaffected  by  the  agencies  which  have 
rendered  the  felspar  almost  opaque. 

Ilmenite  is  abundant  in  irregular  grains  and  skeleton  crystals,  and  is,  no 
doubt,  the  source  of  the  black  '  titamtVrous  ironsand  '  which  is  so  plentiful  in  tho 
locality.  Its  outline,  lustre,  and  characteristic  alteration  niibrd  a  ready  means  of 
identification. 

SpheDe,  of  the  white  variety  known  as  leucoxene,  has  been  abundantly  pro- 
duced by  the  decomposition  of  the  ilmenite.  It  does  not  form  definite  crystals, 
but  it  serves  to  bring  out  the  internal  structure  of  the  ilmenite  in  a  most  striking 
manner,  owing  to  the  way  in  which  decomposition  has  proceeded  along  the  lines 
of  least  resistance,  related  to  the  crystalline  form  (hexagonal)  of  the  original 
mineral. 

Other  accessories  are  pyrites  and  apatite,  neither  of  which  is  plentiful.  Tho 
former  is  easily  recognised  by  its  pale  brassy  colour,  as  seen  by  reflected  light. 
The  apatite  forms  slender  prisms,  longitudinal  sections  showing  the  cross-fracture, 
while  transverse  ones  show  the  characteristic  six-sided  form.  A  colourless 
mineral  with  the  roughened  appearance  characteristic  of  a  high  refractive  index 
also  occurs  as  a  decomposition  product  of  the  hornblende.  It  is  almost  isotropic, 
and  may  be  referred  to  the  chlorite  group. 

Structure. — The  texture  and  structure  vary  considerably  in  different  parts  of 
the  slice.  The  rock  is  holocrystalline,  but  the  order  of  crystallisation  of  tho 
different  minerals  is  variable  and  the  presence  of  micropegmatite  is  distinctive. 
The  other  minerals  act  very  much  the  part  of  a  ground  maaa  toward  the  horn- 
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blende,  though  the  appearance  of  the  rock  is  not  strikingly  porphyritic,  and  the 
general  structure  is  very  similar  to  that  of  the  less  basic  syenite-porphyries  of  the 
Charnwood  district  in  Leicestershire.  It  points,  in  fact,  to  a  hyp-abyssal  as 
opposed  to  a  plutonic  origin  for  the  rock,  which  might  therefore  be  classed  as  a 
diorite-porphyry  or  hornblende-porpliyrito. 

8.  Not?  on  some  Anthropoda  from  the  Upper  Silurian. 
Tty  MALCOLM  LAURIE. 


9.  The  Copper  -bearing  Rocks  of  South  Australia.     Jjy  F.  P  MENNELL. 

The  copper  ores  of  Yorke's  Peninsula  in  South  Australia  were  the  first 
metallic  minerals  worked  on  the  Australian  continent.    They  occur  in  rocks  of 
Arclucan  age,  which  at  Moonta  and  "Wallaroo  have  been  subjected  to  crushing 
and  shearing  to  such  an  extent  that  they  present  few  traces  of  their  original 
structures,  except  in  the  case  of  a  diorite  at  Wallaroo,  which  is  of  a  typically 
plutonic  character.     Most  of  the  rocks  are  mylonites,  and  in  some  instances  have 
been  reduced  to  a  compact  flinty  type,  in  which  none  of  the  minerals  ran  he 
:•      .•'     !  •."•"!.  .  •  -'unity.     "Where  tin-  original  constituents  have  survived  they 
.-••••      ••  .,  •:    v   •;  character;  oligoclase  seems  to  have  best  resisted  the  crushing, 

and  orthoclase  occasionally  remains  in  li-nticles  ;  but  the  brittle  quartz  has  invari- 
ably been  reduced  to  powder.  The  economic  aspect  of  Jth»»  examination  is  of 
Considerable  importance,  for  tin1  mines  have  s«'\eral  times  been  shut  down  when 
the  on*  has  thinned  out  owing  to  doubts  as  to  its  permanence.  From  the 
character  of  the*  rock*  it.  i<,  however,  obvious  that  they  occur  in  a  tnu1  'fissure 
lode,'  and  no  doubts  need  IM»  i'i»lt  as  to  tin1  continuance  of  tin*  on*  to  tho  limit  of 
workable  oVpth>. 

10.  Report  on  the.  Excavation  of  tie  Onsifrrous  Cares  at  Uphill,  near 

c.  —  See  Keports,  p.  '552, 


666  REPORT— 1901. 


SECTION  Df-~ZOOLOGY. 
PEESIPEMT  op  THB  SECTION,— Professor  J.  COSSAR  EWART,  3I.D.,  F.I1.S. 


THUR8DA  Yt  SEPTEMBER  2. 

The  President  delivered  the  following  Address : 

The  Experimental  Kfudy  of  Variation. 

THE  study  of  variation  maybe  said  to  consist  (1)  in  noting  nnd  classifying  the 
differences  between  parents  and  their  offspring;  and  (-')  in  (letenuinmij  by  obser- 
vation and  experiment  the  causes  of  these  differences,  especially  wiiy  only  some  of 
them  are  transmitted  to  future  generations.  The*  facts  of  variation  having  been 
dealt  with  at  considerable  length  in  a  recent  work  by  Mr.  15ate>on,  I  shall  discuss 
chiefly  the  causes  of  variation. 

Though  for  ttntold  ages  parents  have  doubtless  observed  differences  in  the  form 
and  temperament  of  their  children,  and  though  breeders  have  long  noted  unlooked- 
for  traits  in  their  flocks  and  herds,  the  systematic  study  of  ^ariution  is  of  %ery 
recent  date.  This  is  not  surprising,  for,  while  the  belief  in  the  immutability  of 
species  prevailed,  there  was  no  special  incentive  either  to  collect  the  facts  or 
inquire  into  the  causes  of  variation;  and  since  tho  appearance  in  1859  of  the 
'Origin  of  Species/  biologists  have  been  mainly  occupied  in  discussing  the*  theory 
of  natural  selection.  Now  that  discussions  as  to  the  nature  and  origin  of  species  no 
longer  occupy  tho  chief  attention  of  biologists,  variability — the  fountain  and  origin 
of  progressive  development — is  likely  to  receive  an  •  \"'-ii!uv:i-in_  amount  of  notice. 
Strange  as  it  may  appear,  naturalists  at  the  end  of  the  eighteenth  cent ury  con- 
cerned themselves  more  with  the  causes  of  variation  than  their  successors  at  the 
end  of  the  nineteenth.  ]*uffon,  who  discussed  at  some  length  nearly  all  the 
great  problems  that  interest  naturalists  to-day,  after  considering  varintion  arrived 
at  the  conclusion  that  it  was  due  to  the  direct  action  of  the  environment,  and 
even  invented  a  theory  (strangely  like  Darwin's  theory  of  pMiigein-vis^,  to  explain 
how  somatic  were  converted  into  germinal  variations.  Erasmus  Darwin  and 
Lamarck  also  had  views  as  to  the  causes  of  variation.  Erasmus  Darwin  believed 
variability  resulted  from  tho  eflbrts  of  the  individual,  new  structures  being 
gradually  evolved  by  organisms  constantly  endeavouring  to  adapt  themselves 
to  their  surroundings.  Lamarck  about  the  same  time  endeavoured  to  prove  that 
changes  in  the  environment  produced  new  needs,  which  in  turn  led  to  the  forma- 
tion of  new  organs  and  the  modification  of  old  ones,  use  being  especially  potent  in 
perfecting  the  new,  disuse  in  suppressing  the  old.  Both  Erasmus  Darwin  and 
Lamarck,  without  attempting,  or  apparently  even  seeing  the  need  of,  any  such 
explanation  as  pangenesis  offered,  assumed  that  definite  acquired  modifications 
were  transmitted  to  the  offspring,  and  they  both  further  assumed  that  variations 
occurred  not  in  many  but  in  a  single  definite  direction  ;  henco  they  had  no  need 
to  postulate  selection.  The  speculations  of  Erasmus  Darwin  and  Lamarck  having 
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had  little  influence,  it  fell  to  Charles  Darwin  to  construct  new  and  more  lasting 
foundations  for  the,  evolution  theory. 

Charles  Darwin,  clearly  realising  that  variation  occurs  in  many  different, 
directions,  arrived  at  th<>  far-read  dug  conclusion  that  the  best  adapted  varieties 
are  selected  by  the  environment,  and  thus  have  a  chance  of  giving  rise  to  new 
species.  Though  impressed  with  the  paramount  importance  of  selection,  Charles 
Darwin  realised  that '  its  action  absolutely  depends  on  what  we  in  our  ignorance 
call  spontaneous  or  accidental  -variation/1  Darwin,  however,  concerned  himself 
to  the  last  more  with  selection  than  with  variation,  doubtless  because  he  believed 
variability  sinks  to  a  quite  subordinate  position  when  compared  with  natural 
selection.  As  variations  stand  in  very  much  the  same  relation  to  selection  as 
bricks  and  other  formed  material  stand  to  tin1  builder,  Darwin  was  perhaps 
justified  in  rating  f*r>  highly  the  importance  of  the  principle  with  which  his  name 
will  ever  be  intimately  associated.  Though  Darwin  considered  variability  of 
secondary  importance,  it  may  be  noted  that  he  did.  more  than  any  other  naturalist 
to  collect  the  facts  of  variation,  and  ho,  moreover,  considered  at  some  length  the 
causes  of  variation.  He  regarded  with  most  favour  the  view  'that  variations  of 
all  kinds  and  degrees  arc  directly  or  indirectly  caused  by  the  conditions  of  life 
to  which  each  being  or  more  especially  iN  ancestors  have  been  exposed.' '-'  Of  all 
the  causes  which  induce  variability,  he  believed  excess  of  food  was  probably  the 
most  powerful.-1  In  addition  to  variations  which  arise  «-|«ontane  ••ii'-ly  in  obedience 
to  iixed  and  immutable  laws  Darwin  believed  with  Button  that  variations  were 
produced  by  the  direct,  action  of  the  environment,  and  with  Lamarck  by  the  use 
and  disuse  of  parts ;  and  he  accounted  for  the  inheritance  e»f  such  variations  by  his 
theory  of  pangenesis.  Darwin  seems  always  to  have  regarded  the  direct  action  of 
the  environment  and  u*c  and  disuse  as,  at  the  most,  subsidiarv  causes  of  variation; 
but  Mr.  Herbert  Spencer  and  his  followers  regard  'use-inheritance*  as  an  all- 
important  factor  in  evolution  ;  while  Tope  and  his  followers  in  America,  by  a 
mixture  of  'iKe-inheritnnce^Kinetogeneis)  and  Lamarck's  neck-stretching  theory 
( ArehHisthetisnO,  apparent ly  see  their  way  to  account  for  the  evolution  of  animals 
with  but  little  help  from  nutimil  selection. 

Professor  Weismann  and  others,  however,  have  recently  given  strong  reasons 
for  lln»  belief  that  till  variat  ion  is  the  result  of  change  s  in  the  germ-plasm  ultimately 
due  to  external  stimuli,  the  emironment  acting  directly  on  unicellular,  indirectly 
on  nmlt iccllular  organism.  It  is*  convenient  to  speak  of  biologists  who  believe 
with  Mr.  Herbert  Spencer  in  the  law  of  use  and  diMise  (use-inheritance)  as  Neo- 
Lamarckians,  and  of  those  who  with  Wei^mniin  refuse  to  accept  the  doctrine  of 
the  transmission  of  definite  acquired  characters,  and  in  the  case  of  multicellular 
organisms  the  direct  iniliieiice  of  the  eiuironment  us  n  cause  of  variation,  as  Neo- 
Darwininns.  In  discussing  \ariability  I  shall  assume  that  all  variations  are 
transmitted  b\  the  gerin-ceJIs ;  that  the  primary  cause  of  vaiiat ion  is  always  the 
effect  of  external  influences,  such  as  food,  temperature,  moisture,  \c. :  and  that 
*  the  origin  of  a  variation  is  equally  independent  of  selection  and  amphimixis,'* 
amphimixis  being  simply  the  means  by  which  effect  i*  given  to  differences 
inherited,  and  to  the  differences  acquired  by  the  «:erin-eells  during  their  growth 
and  mut unit  ion. 

Theoretically  the  offspring  should  be  an  equal  blend  of  the  parents  and 
(because  of  the  tendency  to  reversion)  of  their  respective  ancestors.  In  as  far 
as  the  offspring  depart-  either  in  an  old  or  in  a  new  direction  from  this  ideal 
intermediate  condition  the\  may  be  said  to  have  undergone  variation.  Tho 
more  obvious  variations  consist  of  a  difference  in  form,  sixe,  and  colour,  in  the  rate 
of  growth,  in  the  period  at.  which  maturity  is  readied,  in  the  fertility,  in  the  power 
withstand  disease  and  changes  in  the  surroundings,  of  differences  in  temperament 

1  Animal*  ami  Flnnta,  vol.  ii.  p.  20fi. 

-  7  hi  ft.,  vol.  ii.  p.  2-10.     Klsewhcre  he  says  we  arc  'driven  to  1hc   conclusion 
that  in  most  cases  the  conditions  of  life  jilay  a  subordinate  part  in  causing  any 
part  ic.ular  modification/ 

»  Ibid.,  vol.  ii.  p.  2H2. 

•  Woismann,  The  (Jew-Pin*™  p.  4U1, 
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and  instincts,  and  in  the  aptitude  to  learn.  In  the  members  of  a  human  family 
there  may  be  great  dissimilarity,  and  the  dissimilarity  may  be  even  greater  in  the 
members  of  a  single  brood  or  litter  of  domestic  animals,  especially  if  the  parents 
belong  to  slightly  different  breeds. 

Frequently  some  of  the  offspring  closely  resemble  the  immediate  ancestors, 
while  others  suggest  one  or  more  of  the  remote  ancestors,  are  nearly  inter- 
mediate between  the  parents,  or  present  quite  new  characters.  Similarly 
seedlings  from  the  same  capsule  often  differ.  Can  we  by  way  of  accounting 
for  these  differences  only  with  Darwin  say  that  variations  are  due  to  fixed  and 
immutable  laws,  or  at  the  most  subscribe  to  the  assertion  of  Weismann,  that 
they  are  'due  to  the  constant  recurrence  of  slight  inequalities  of  nutrition 
of  the  germ-plasm '  ?  l  Weismann  uccounts  for  ordinary  variation  by  saying 
that  the  reduction  of  the  germ-plasm  during  the  maturation  of  the  germ-cells 
is  qualitative  as  well  as  quantitative,  «>.,  that  the  germ-plasm  retained  in 
the  ovum  to  form  the  female  pro-nucleus  is  different  from  the  germ-plasm  dis- 
charged in  the  second  polar  body.  He  accounts  for  discontinuous  variation  and 
'sports'  by  'the  permanent  action  of  uniform  changes  in  nutrition.'1  These 
uniform  changes  in  nutrition,  by  modifying  in  a  constant  direction  susceptible 
groups  of  germ-units  (determinants),  after  a  time  giving  rise  to  new,  it/  may  be 
pronounced  variation.  Must  we  rest  satisfied  with  these  assumptions,  or  is  it 
possible  to  account  for  some  of  the  variability  met  with  by,  say,  differences  in  the 
maturity  of  the  parents  or  of  the  gvrm-cells,  by  the  germ-cells  hating  been 
influenced  by  interbreeding  or  intercrossing,  or  by  the  soma  in  which  they  are 
lodged  having  been  invigorated  by  a  change  of  food,  or  habitat,  or  deteriorated  by 
unfavourable  surroundings  or  disease?  In  other  words  are  there  valid  reasons 
for  believing  that  the  germ-cells  are  extremely  sensitive  to  changes  in  their 
immediate  environment,  t>.,  to  modifications  of  the  body,  or  soma  containing 
them,  and  that  the  characters  of  the  offspring  depend  to  a  considerable  extent  on 
whether  the  germ-cells  have  recently  undergone  rejuvenescence  H 

Obviously,  if  the  offspring,  other  things  being  equal,  vary  with  tho  ago  of  the 
parents,  the  ripeness  of  the  germ-colls  and  with  the  bodily  welfare,  the  qualitative 
division  of  the  nucleus  on  which  Weismann  so  xmick  relies  as  an  explanation  of 
ordinary  variation  will  prove  inadequate, 

/,<?  Age  a  Cause  of  Variation? 

During  the  course  of  my  experiments  on  Variat  ion  1  endeavoured  to  find  an  answer 
to  the  question,  '  Is  Age  a  Cause  of  Variation  ?  '  During  development  and  whilo 
nearly  all  the  available  nourishment  is  required  for  building  up  the  organs  and 
tissues  of  the  body,  the  germ-cells  remain  in  a  state,  of  quiescence.  Sooner  or 
later,  however,  they  begin  to  mature,  and  eventually  in  most  cases  escape  from  the 
germ-glands.  I  find  the  first  germ-cells  ripened  often  prove  infertile.  When, 
e.</.,  pigeons  from  the  same  nest  are  isolated  and  allowed  to  breed  as  soon  as 
mature,  they  seldom  hatch  out  birds  from  the  first  pair  of  eggs,  and  though 
quite  vigorous  in  appearance  they  may  only  hatch  a  single  bird  from  tho  second 
pair  of  eggs.  The  same  result  generally  follows  mating  very  young  but  quite 
unrelated  pigeons ;  but  when  a  young  hen  bird  is  mated  ^  I41  :i  ti:-^  •*•.  v  "- 
matured  male,  or  a  young  male  is  mated  with  a  vigorous,  v- .l-m:r  ,:!•<!  i- -v.  i'.r, 
the  eggs  generally  prove  fertile  from  the  first.  The  germ-cells  are,  as  far  as  can 
be  determined,  structurally  perfect  from  the  outset ;  and  that  they  only  fail  in 
vigour  is  practically  proved  by  the  fact  that,  though  the  conjugation  of  germ-cells 
from  two  young  birds  leads  to  nothing,  the  conjugation  of  germ-cells  from  quite 
young  birds  with  germ-cells  from  mature  birds  generally  at  once  results  in 
offspring. 

The  following  experiments  indicate  how  agp  may  prove  a  cause  of  variation, 
Last  autumn  I  received  from  Islay  two  young  male  blue-rock  pigeons  which, 
though  bred  in  captivity,  were  believed  to  be  as  pure  as  the  wild  birds  of  the 
Islay  caves.  In  1-Vlirnary  last  one  of  the  young  blue-rocks,  while  still  immature, 

1  Germ- Plasm ,    .  JIU. 
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was  placed  with  an  inbred  white  fantail,  the  other  with  an  extremely  vigorous  well- 
matured  black  barb.  In  course  of  time  a  pure-  white  bird  was  reared  by  the  white 
fantail,  and  two  dark  birds  by  the  black  barb.  Owingprobably  to  the  fantail  being 
inbred  and  the  blue-rock  being  still  barely  mature,  the  young  white  bird  died  soon 
after  leaving  the  nest.  No  birds  were  hatched  from  the  second  and  third  pairs  of  eggs 
laid  by  the  fantail,  but  from  the  fourth  pair  two  birds  were  hatched  which  are  now 
nearly  full-grown.  Those  young  birds  are  of  a  darker  shade  of  blue,  and  look 
larger  and  more  vigorous  than  their  blue-rock  sire.  As  in  the  Indian  variety  of 
the  blue-rock  pigeon  the  croup  is  blue,  and,  as  in  some  of  the  Eastern  blue-rocks, 
the  wings  are  slightly  chequered.  They,  however,  only  essentially  differ  from  their 
feire  in  having  four  extra  feathers  in  the  tail.  The  first  pair  of  birds  hatched  by 
the  black  barb  when  they  reached  maturity  early  in  August  might  have  pa?secl 
for  young  barbs  with  somewhat  long  beaks.  Since  the  first  pair  were  hatched  in 
March  the  blue-rock  and  black  barb  have  reared  six  other  birds.  One,  of  the  second 
brood  closely  resembles  the  first  birds  hatched  ;  the  other  is  of  a  greyish 
colour,  with  plight  ly  mottled  wings,  a  long  beak,  and  a  tail  bar.  The 
birds  of  the  third  nest  are  both  nf  a  greyish  colour,  but  have  indis- 
tinct wing  bars  as  well  as  a  tail  bar.  Of  the  fourth  pair  of  young  one 
is  greyish  like  the  birds  of  the  third  nest,  the  other  is  of  a  dark  blue  colour  with 
slightly  chequered  wings,  and  a  head,  beak,  and  bars  as  in  its  blue-rook  sire.  The 
gradual  change  from  black  to  dark  blue  in  the  blue-rock  barb  crosses  is  very 
roraarkable.  1  can  only  account  for  tho  almost  mathematical  regularity  of  the 
change  by  supposing  it  has  kept  pace  with  a  gradual  increase  in  the  vigour  or 
prepotency  in  the  young  blue-rock.  Kventuallv  the  offspring  of  the  blue-rock 
mated  to  the  black  'barb,  liko  the  offspring  of  its  brother  with  the  white  fantail, 
may  be  of  a  slaty  blue  colour,  and  otherwise  resemble  a  wild  blue-rock  pigeon.  Many 
breeders  would  explain  the  offspring  taking  more  and  more  after  the  sire  by  the 
doctrine  of  Saturation  —  a  doctrine  that  linds  much  favour  amongst  breeders  —  but 
as  identical  results  were  obtained  when  young  females  were  mated  with  well- 
matured  males  the  saturation  explanation  falls  to  the  ground. 

Like  results  were  obtained  by  Invading  young  grey  quarter-wild  rabbits  with 
nn  old  whito  Angora  buck  :  the  first  young  were  white,  the  subsequent  young 
were  white,  grey,  and  bliii>li  grey.  From  these  results  it  follows  that,  when  old 
and  young  hut  slightly  different  members  of  a  variety  or  species  are  mated  a 
wonderfully  perfect  series  of  intermediate  forms  is  likely  to  be  produced.  Amongst 
wild  animals  the  young  males  rarely  have  a  chance  of  breeding  with  the  young 
females  ;  hence  amongst  wild  animals,  owing  to  age  being  a  cause*  of  variation,  a 
considerable  amount  of  material  is  doubtless  constantly  provided  for  selection, 
thus  affording  a  variety  an  additional  chance  of  adapting  itself  to  slight 
11  net  nations  in  the  environment. 

hi  tho  results  obtained  by  crossing  mature,  vigorous,  and,  in  gome  cases,  inbred 
male's  with  barely  mature  lemnloi  an  explanation  may  be  found  why  in  some 
families  the  sume  features  have  persisted  almost  unaltered  for  many  generations  ; 
why  in  his  features  tho  squire  of  to-day  sometimes  exactly  reproduces  the  lines  of 
his  ancestors,  as  seen  in  portraits  and'niomimental  brasses.  It  should,  however, 
bo  home  in  mind  that  highly  prepotent  forms  are  capable  from  the  first  of  so 
completely  controlling  the  development  that  they  transmit  their  peculiar  traits  to 
all  their  offspring. 


Is  RipwcM  of  t7w  Cterm-Cdh  a  Cause  of  Variation  ? 

While  difference  in  age  may  sometimes  account  for  tho  earlier  broods  and 
litters  resembling  one  of  tho  parents,  it  fails  to  account  for  tho  very  pronounced 
variation  olten  found  in  a  single  brood  or  litter,  and  for  much  of  tho  dissimilarity 
between  members  of  the  same  human  family.  When  a  tingle  fertilised  germ-cell, 
as  occasionally  happens,  gives  rise  to  twins,  they  are  always  identical  ;  hence  it 
may  bo  assumed  differences  in  members  of  the  earae  family  have  their  source 
in  differences  in  the  germ-cells  from  which  they  spring.  If  the  offspring  vary 
with  the  maturity  of  the  soma  it  may  also  vary  with  the  maturity  of  the  germ- 
cells,  or  at  least  with  their  condition  at  the  moment  of  conjugation. 
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Some  years  ago  Mr.  H.  M.  Vernon,  when  hybridising  echinoderms,  discovered 
that  '  the  characterises  of  the  hybrid  offspring  depend  directly  on  the  relative 
degrees  of  maturity  of  the  sexual  products/ l  Mr.  Vernon  found  subsequently 
that  over-ripe  (stale)  ova  fertilised  with  fresh  sperms  gave  very  different  results 
from  fresh  ova  fertilised  with  over-ripe  (stale)  sperms,  from  which  he  inferred 
that  over-ripeness  (staleness)  is  a  very  potent  cause  of  variation.- 

I  lind  that  if  a  well-matured  rabbit  doe  is  prematurely  (i.e.,  some  time  before 
ovulation  is  due)  mated  with  a  buck  of  a  different  strain,  the  young  take  after  the 
sire;  when  the  fertilisation  takes  place  at  the  usual  time,  some  of  the  young 
resemble  the  buck,  some  the  doe,  while  some  present  new  characters  or  reproduce 
more  or  less  accurately  one  ov  move  of  the  ancestors.  When,  however,  the 
mating  is  delayed  for  about  thirty  hours  beyond  the  normal  time,  all  the  young, 
as  a  rule,  resemble  the  doe.  Jt  may  hence  be  inferred  that  in  mammals,  as 
in  echinoderms,  the  characters  of  the  offspring  are  related  to  the  condition  of 
the  germ-cells  at  the  moment  of  conjugation,  the,  ofi spring  resulting-  from  the 
union  of  equally  ripe  germ-cells  differing  from  the  offspring  developed  from  the 
conjugation  of  ripe  ami  unripo  germ-cells,  and  still  more  from  the  union  of  fresh 
and  over-ripe  germ-cells.  This  conclusion  may  be  said  to  bo  in  harmony  with 
the  view  expressed  by  Darwin,  that  the  causes  which  induce  variability  probably 
act  *  on  the  sex  elements  before  impregnation  has  been  effected.' %t  The  results 
already  obtained,  though  far  from  answering  the  question  why  theie  is  often 
great  dissimilarity  between  members  of  the  same  family,  may  lead  to  further 
experiment,  and  especially  to  more  complete  records  being  kept  by  breeders,  it 
is  unnecessary  to  point  out  what  a  gain  it  would  be  wore  breeders  able  to 
regulate,  even  to  a  small  extent,  tho  characters  of  the  offspring. 

Is  the.  Condition  <>f  the  Xoina  a  Cause  <>f  Vftrinfiim  ? 

There  is  a  considerable  amount  of  evidence  in  support  of  the  \ie\v  that 
changes  in  any  part  of  the  body  or  »>oina  which  alfect  the  general  welfare 
influence  the  germ-cells.  This  is  but  what  might  be  expected  if  the  somti  in 
the  metazoa  is  to  the  germ-cells  what  the  immediate  surroundings  are  to  the 
protozoa.  The  soma  from  the  first  forms  a  convenient  nidus  for  the  germ-cells, 
and,  when  sufficiently  old  and  sufficiently  nourished,  it  provides  the  stimuli  by 
which  the  ripening  (maturing)  of  the  germ-celln  is  effected.  If  in  the  case  of 
the  protozoa  variation  is  due  to  the  direct  action  of  the  environment,  it  may 
be  inferred  that  in  the  metaxoa  variations  of  the  germ-cells  result  from  the 
direct  action  of  the  soma,  i.e.,  from  the  direct  action  on  the  germ-culls  of  their 
immediate  environment.  Thiy,  however,  is  quite  a  different  thing  from  saying 
that  definite  somatic  variations  are  incorporated  in  the  germ-cells  (convei'ted*mto 
germinal  variations)  and  transmitted  to  the  oilspring. 

It  may  first  be  asked,  Does  disease,  in  as  far  as  it  reduces  the  general  \  igour  or 
interferes  with  the  nutrition  of  tho  germ-cells,  act  as  a  cause  of  variation?  I 
recently  received  a  number  of  blue-rock  pigeons  from  India  infected  with  a  blood 
parasite  (Halteridium)  not  unlike  the  organism  now  so  generally  associated  with 
malaria.  In  some  pigeons  the  parasites  wort!  very  few  in  number,  in  others  they 
were  extremely  numerous.  The  eggs  of  a  pair  of  these  Indian  birds  with 
numerous  parasites  in  the  blood  proved  infertile.  Kggs  from  a  hen  bird  with 
numerous  parasites  fertilised  by  a  male  with  few  parasites  proved  fertile,  but  tho 
young  died  before  ready  to  leave  the  nest.  An  old  male  Indian  bird,  however, 
with  comparatively  few  parasites,  mated  with  a  mature  half-bred  English  turbit 
produced  a  single  bird.  The  half-bred  turbit  has  reddish  wings  and  shoulders,  but 
is  otherwise  white.  The  young  bird  by  the  Indian  blue-rocl$  is  of  a  reddish 
colour  nearly  all  over,  but,  in  make  not-  unlike  the  cross-bred  turbit  hen. 

Some  time  before  tho  second  pair  of  eggs  were  laid,  the  parasites  had  com- 
pletely disappeared  from  the  Indian  bird,  and  ho  looked  ntt  if  h»>  had  quite. 

1  Procecdiiujs  Ihiyal  Society,  vol.  Ixiii.  May  IK98. 
*  Ibid.,  vol.  Ixv.  November  181M). 
3  Animals  and  Plants,  vol.  ii,  p.  250. 
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recovered  from  his  long  journey  as  well  as  from  tho  fever.  Jn  due  time  a  pair 
of  young  were  hatched  from  the  second  eggs,  and  as  they  approached  maturity 
it  became  more  and  more  evident  that  they  would  eventually  present  all  the 
distinctive  points  of  the  wild-rock  pigeon.1  The  striking  difference  between  the 
first  bird  reared  and  the,  birds  of  the  second  nest  might,  however,  be  due  not  to 
the  malaria  parasites  but  to  tho  change,  of  habitat. 

Against  this  view,  hcwver,  is  the  fact  that  unnther  Indian  bird  infected  to 
about  the,  same  extent  as  the  mate  of  the  half-bred  red  turbit  counted  for  little 
when  muted  with  a  second  hall-bred  turbit ;  while  two  Indian  birds  in  which 
extremely  few  parasites  were  found  at  once  produced  blue -rock-like  birds  when 
bred — one  with  ft  fautail,  thw  ether  with  a  tumbler. 

Another  possible  explanation  of  the  difference  between  tho  bird  of  the  first 
anil  tlio  birds  of  the  second  no^t,  is  that  the  germ-cells  wen»  f«»r  a  time  in- 
fected by  the  minutn  prntn/oan  Hiilteridimn  in  very  much  the  t^ame  way  as 
the  gorm-c<»lls  of  ricks  are  infected  by  the  parasite  of  Texas  lever.  But  of 
this  there  is  no  evidence,  for  even  in  tho  halt-grown  birds  hatched  by  the  pure- 
bred  malarioiiK  Indian  rocks  the  ino^t  carelul  examination  failed  to'detect  any 
para«ite.s  in  the  blood.  In  all  probability  IlaUeridium  cim  only  be  conveyed  from 
one  pigeon  to  another  by  C'ulex  or  some  other  gnat. 

These  results  with  pigeons  suffering  from  malaria  seem  to  indicate  that  tho 
germ-cells  are  liable  to  bo  influenced  by  fevers  and  other  forms  of  disease,  that  for 
the  time  being  diminish  the  \itality  of  the  parents.  Further  experiments  may 
show  that  the  germ-cells  are  influenced  in  different  ways  by  different  diseases. 

Sometimes  the  germ-cells  sull'er  from  tho  direct  action  of  their  immediate 
environment,  from  disturbance  in  or  around  the  germ-gland^.  If,  for  example, 
inflammation  by  the  ducts  or  other  channel*  reaches  the  germ-glands,  the  vitality 
of  tho  germ-colls  may  In*  cnnsidei ably  diminished:  if  serious  or  prolonged,  the 
germ-cells  may  be  as  effectively  sterilised  as  are  the  bacteria  of  milk  by  boiling. 

In  UKK)  two  mares  produced  foals  to  a  bay  Arab  which  had  previously  suffered 
from  a  somewhat  serious  illness  imohing  the  gos-m-gland*.  These  foals  in  no 
wax  suggest  their  siiv.  This  xoar  1  have  three  foals  by  the  same  Arab  after  ho 
had  quite  rccoxerod:  one  promises  to  be  tho  image  of  his  sire,  and  the  other  txvo 
are  decidedly  Arah-liku  both  in  make  and  action. 

\Vhile  the  germ-colN  are  liable  to  suller  when  the  sonia  is  the  subject  of 
disease,  there  is  no  evidence  that  thox  are  capable  of  being  so  influenced  that  they 
transmit  definite  or  particular  iiindilicntioifo  (unless  directly  infected  xvilh  bacteria 
or  other  minute  organisms) ;  t  hat,  /».//..  the  germ-cells  of  gouty  subjects  necessarilx 
give  rise  to  gouty  offspring.  Doubtless  if  the  germ-cells,  because  of  their 
unfavourable  immediate  surroundings,  Miller  in  vigour  or  vitality,  the  offspring 
derixed  from  them  are  likely  to  be  less  -vigorous,  and  hence  more  likely  than 
their  inmiediato  ancestors  to  sutler  from  gout  and  other  diseases. 

It  xx'ould  be  nn  onjsx  matter  to  give  instances  of  the  offspring  varying  with  the 
condition  or  fitness  of  tho  parents;  but  it  will  suffice  if,  before  discussing  inter- 
crossing, 1  refer  to  the  influence  of  change  of  habitat. 

fti  C/iant/r  q/'  Habitat  a  CaiitM*  of  Variation? 

H  has  long  been  rccogniM-d  that  a  change  of  surroundings  may  profoundly 
influence  the  reproductive  system,  in  some  cases  increasing  the  fertility,  in  others 
lending  to  complete  sterility.  Kxotie  plants,  sterile  it  may  be  at  lir&t,  often 
become  extremely  fertile,  and  when  thoroughly  established  give  rise  to  nexv 
varieties.  In  the  caw  of  mares  obtained  from  Iceland  and  the  south  of  Kngland 
sometimes  a  year  elapses  before  they  breed.  An  Arah-Ivatliiawar  pony  which 
arrived  during  April  from  India,  proved  during  tho  first  three  months  quite  sterile, 
owing,  I  believe,  to  loss  of  vigour  on  tho  part  of  the  germ-cells,  t  heir  vitality 
being  only  about  ono-tonth  that  of  a  home-bred  hackney  pom .  But  the  fertility  is 
apparently  greatly  impaired  by  even  comparatively  slight  changes  of  environment, 
hums  which  hived  freely  in  Dublin  seem  to  bi»"  sterile  in  London,  and  I  heard 
recently  that  -when  bulls  are  changed  from  one  district  to  another  iu  the  north  of 

1  In  those  young  binls  the  brenst  ami  some  of  the  wing  feathers  arc  imperfect. 
Fanciers  regard  Ibis  condition  of  tho  feathers  as  evidence  o£  constitutional  weakness. 
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Ireland  the  immediate  result  may  be  complete  sterility.  The  tendency  of  some  exotic 
plants  to  '  sport '  after  they  become  acclimatised  is  doubtless  due  to  the  fact  that 
their  new  habitat  is  unusually  favourable,  their  general  vigour — so  essential  for 
new  developments — is  increased,  and,  probably  because  certain  groups  of  germ 
units  are  constantly  stimulated  by  the  new  food  available,  they  give  rise  abruptly 
or  gradually  to  new  and  it  may  be  unexpected  characters.  No  one  doubts  that 
the  bodily  vigour  is  liable  to  be  impaired  by  fevers  and  other  diseases,  by  changes 
in  the  habitat,  unsuitable  food,  rapid  and  unseasonable  changes  of  temperature, 
and  the  like  ;  hence  it  will  not  be  surpri.-iiifr  if  further  investigations  prove  that 
changes  in  the  soma,  beneficial  as  well  as  injurious,  are  reflected  in  the  iniiin-(ir1,l.-. 
and  thus  indirectly  induce  variation.  Moreover  there  are  excellent  iva^m*  i'»r 
believing  that  the  perm-cells  are  influenced  by  seasonable  changes,  such  us  moult- 
ing in  birds  and  changing  the  coat  in  mammals.  In  the  case  of  pigeons,  e.g.,  the 
young  bred  in  early  summer  are,  other  things  being  equal,  larger  and  more 
vigorous,  and  mature  more  rapidly,  than  birds  hatched  in  the  late  summer  or 
autumn.  But  however  sensitive  the  per  in -eel  Is  may  be  to  the  changes  of  their 
immediate  environment,  /.*.,  the  soma  or  body  in  wliich  they  are  lodged,  there  is 
no  evidence  whatever  that  (as  Buffon  asserted  and  Darwin  thought  possible) 
definite  changes  of  the  soma,  due  to  the  direct,  action  of  the  environment,  can  be 
imprinted  on  the  germ-cells.  By  the  direct  act  inn  of  the  environment — food, 
temperature,  moisture,  &c. — the  body  in  whole  or  in  part  may  be  dwarfed, 
increased,  or  otherwise  modified  ;  but  such  changes  only  influence  the  «.*•  iiii-i1"!!^  in 
so  far  as  they  lead  to  modifications  in  their  vigour  and  nutrition.  They  may 
expedite  or  delay  maturity,  alter  the  length  of  the  reproductive  period,  interfere 
with  the  nutrition  of  the  germ-cells,  or  retard  the  development  of  the  embryo,  but 
they  seem  incapable  of  giving  rise  to  definite  structural  or  functional  variations  in 
the  offspring. 

Intercrossing  and  Jitff  r^i'^dhtf/  as  Can  MS  of  Variation. 

The  belief  was  once  common  amongst  naturalists  that  variability  was  wholly 
due  to  crossing,  and  at  the  present  day  naturalists  and  breeders  alike  ngree  that 
inirtrorn^-iisg  is  a  potent  cause  of  variability,  and  are  unanitrous  in  regarding 
interbreeding  as  an  equally  potent  means  of  checking  variability.  The  opinion  is 
also  general  that  intercrossing  has  a  swamping  influence  ;  that  having  brought 
forth  new  forms  it  forthwith  proceeds  to  destroy  them.  Darwin,  when  discussing 
reversion,  points  out  that  intercrossing  often  speedily  leads  to  almost  complete 
reversion  to  a  long-lost  ancestor,  i.e.,  to  the  loss  ot  recently  acquired  and  the 
reappearance  of  long-lost  characters.1  When,  however,  he  comes  to  deal  with 
variability,  he  states  that  ' crossing,  like  any  other  change  in  the  conditions  of 
life,  seems  to  be  an  element,  probably  a  potent  one,  in  causing  variability,'  '  the 
offspring  of  the  first  generation  being  generally  uniform,  but  those  subsequently 
produced  displaying  an  almost  infinite  diversity  of  character.  As  to  the  influence 
of  inbreeding,  he  says  '  close  interbreeding,  if  not  carried  to  an  injurious  extreme, 
far  from  causing  variability,  tends  to  fix  the  character  of  each  breed/ a 

These  statements  may  be  quoted  in  support  of  the  very  common  belief  that 
intercrossing  is  both  a  potent  caiise  of  variation  and  of  reversion ;  that  it  produces 
new  varieties  one  moment  and  swamps  them  the  next.  "Whether  intercrossing 
may  be  regarded  as  the  immediate  cause  of  variation  or  of  reversion  (it  can  hardly 
be  both)  depends  on  what  is  implied  by  variation.  Obviously,  variation  may  be 
either  progressive  or  retrogressive,  i.e.,  the  offspring  may  differ  from  their  parents 
in  having  quite  new  characters  or  in  presenting  ancestral  characters,  or  in  being 
characterised  by  trails  neither  new  nor  old,  due  to  new  combinations  of  characters 
already  recognised  as  belonging  to  the  variety  or  species.  When  intercrossing 
results  in  the  restoration  of  old  characters,  we  have  reversion  or  retrogressive 
variation ;  when  to  new  combinations  of  already  existing  characters  like  new  com- 
binations in  a  kaleidoscope,  we  have  new  variations  of  a  non-progressive  kind, 

1  Animals  and  Plants,  vol.  i.  p.  22. 
3  Ibid.,  vol.  ii,  p.  254.  »  Hid.,  vol.  ii.  p.  251. 
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almost  always  characterised  by  more  or  less  reversion;  when,  however,  inter- 
crossing results  in  the  characters  of  one  variety  being  engrafted  on  another,  or  to 
the  appearance  of  characters  quite  new  to  the  species,  we  have  progressive 
variation.  Judging  from  the  results  I  have  obtained, intercrossing  of  two  distinct 
varieties  results,  as  a  rule,  in  the  loss  of  the  more  striking  characters  of  both 
parents,  e>.,  in  more  or  loss  marked  reversion,  the  extent  of  the  loss  generally 
depending  on  the  difference  between  the  forms  crossed.  For  example,  if  an  owl 
pigeon  is  crossed  with  a  pigeon  known  among  fanciers  as  an  ,-.•> ':  .«::••.  nondescript 
birds  arc  obtained,  which  may  at  once,  with  a  white  fautaiJ,  give  birds  alrao&t 
identical  with  a  blue-rock — the  common  ancestor  of  all  our  breeds  of  pigeons. 
Intercrossing,  on  the  other  hand,  rarely  leads  to  the  blending  of  the  unaltered  charac- 
ters of  two  or  more  varieties,  and  it  never,  so  far  as  1  have  PCMJII,  results  in  the 
appearance  of  characters  absolutely  new  to  the  species.  In  a  svord,  tlw  immediate 
result  of  intercrossing  distinct  i  arieti^s  is,  as  a  rule,  more  or  less  maiked  reversion. 
But  though  intercrossing  usually  results  in  ?•-**••- -jrr-f*\?.  variation,  it  is  indirectly 
an  extremely  potent  cause  of  progressive  variation.  This  is  duo  to  the  fact  (better 
realised  by  botanists  than  zoologists)  that  cross-bred  offspring  (first  crosses)  are 
(unless  tho  parents  have  been  enfeebled  by  interbreeding)  endowed  with  an  unusual 
amount  of  vigour,  i.f.,  iiiterrro.-Mii^  is  of  supreme  importance,  not  only  because  it 
leads  to  the  co-mingling  of  germ-plasms  having  different  tendencies,  but  also  and 
perhaps  chiefly  because  of  its  rejuvenating  influence.  The  importance,  of  this 
ivjim-natit/M  is  usually  at  once  evident  if  intercrossing  is  immediately  followed  by 
interbreeding.  The  ptTbi>tent  interbreeding  of  closely  related  forms  generally 
reduces  tho  vigour,  and,  as  Darwin  points  out,  'far  from  causing  variability,  tends  to 
fix  the  character  of  each  breed ' ;  *  but  the  intercrossing  of  n'r&t  cro&ses  (or  of  highly 
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epidemics  of  variation,  so  often  tho  outcome  of  interbreeding  first  or  at  lea^t 
vigorous  recently  produced  cros>es,  are  apparently  partly  due  to  the  union  of 
individual*  having1  a  similar  tendency  chei-kiiii?  reverMon,  and  partly  to  the 
vigour  acquired  by  recent  intercrossing.  Thi*  much  may  Ije  inferred  Vrom  the 
fact,  that  when  interbii'udin«r  is  persisted  in  the-  \iuiability  dwindles  as  tho  vigour 
ebbs. 

1'reeders  agree,  witli  Darwin  that  first  crosses  are,  generally  uniform,  and  that 
tho  subsequent  oil'&piing  usually  \-i\r\  immensely ;  yet  neither  breeders  nor 
naturalists  seem  to  have  clearly  ivalised  that  interbreeding  at  the  ri^ht  moment  is 
thef/i'm-/  cause  of  variation,  whilo  intcrcroSi-ing  is,  except  in  very  rare  cases,  at  the 
most,  au  int/irwt  raitac  of  variation. 

It  may  be  here  said  that  it  is  impossible  to  over-estimate  tho  importance  of 
vigour  in  studying  variation.  Without,  vigour  no  race  or  breed  can  maintain  its 
position;  without  renewed  vigour  it  is  hardly  likelv  to  de\elnp  new  characters. 
Tho  ne,w  vigour,  as  already  explained,  may  lie  obtained  by  intercrossing ;  but  it 
may  also  ho  acquired,  especially  in  plants,  by  a  change  of  surroundings  accompanied 
by  a  plentiful  supply  of  suitable  food. 

With  rigid  .selection  the  gradual  loss  of  vigour  may  escape  notice,  but  when 
selection  is  suspended,  rapid'  deterioration  (from  the  fancier's  standpoint)  is  the 
inevitable  result.  If,  c.q.,  a  number  of  pigeons,  good  specimens  of  a  distinct 
breed,  arc  isolated  and  left  unmolo.stetl  for  n  few  years,  they  rapidly  degenerate, 
i.e.,  they  loso  their  show  points  (be  they  peaks,  frills,  ruffs,  or  metallic  tints)  and 
reassumo  tko  more  fixed  ancestral  characters.  If,  howovcr,!  he  less  characteristic 
birds  aro  eliminated,  and  liigh-cLa>s  birds  are  from  time  to  time  introduced  from 
another  loft,  the  vigour  and  the  distinctive  traits  aro  indefinitely  preserved. 

If  the  age  and  condition  of  the  soma  and  the  state  of  ripeness  of  the  germ- 
cells  aro  potent  factors,  and  especially  if  vigour  counts  for  much,  the  difficulties  of 
breeders  oecomo  intelligible,  and  the  unlikeliness  of  intercrossing  being  a  direct 
cause  of  variation  all  the  more  evident.  Tho  most  that  can  be  expected  from 

1  Animahaad  Plants,  vol.  ii,  p.  201.  a  lbi<Lt  vol.  ii.  p.  254. 
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intercrossing  is  the  engrafting  on  ono  breed  of  the  characters  of  another.  Kvon  this 
rarely  happens,  and  is  only  possible  when  the  two  breeds  are  somewhat  allied.  It 
is  impossible,  <\?.,  to  unite  in  one  individual  all  the  points  of  a  fantail  and  a  pouter, 
or  of  a  fantail  and  a  jacobin;  but  given  healthy,  vigorous  birds,  the  points  of  an 
owl  may  be  engrafted  on  a  barb.  Or  to  take  another  example,  the  black  oars, 
feet,  &c.,  of  a  Himalaya  rabbit  inay  be  combined  with  the  characteristic  form, 
long  hair,  and  habits  of  an  Angora.  It  may  be  impossible  to  predict  what  will 
happen  when  intercrossing  is  resorted  to,  but  if  pure-bred  members  of  a  distinct 
variety  are  experimented  with  —  and  it  is  useless  working  with  either  plants  or 
animals  of  unknown  origin  —  characters  not  already  present  in  one  of  the  varieties 
need  not  be  looked  for. 

lint  while  interbreeding  at  the  right  moment  may  be  a  cause  of  progressive 
variation,  at  other  times  it  leads  to  what  is  perhaps  best  described  as  degeneration. 
When,  e.g.,  very  young  members  of  the  same  brood  or  litter,  or  unhealthy,  closely 
related  individuals,  or  quite  mature  and  apparently  vigorous  but  for  several 
generations  closely  related  animals  are  interbred,  the  oii'spring  frequently  diiler 
from  their  parents.  They  are  often  delicate  and  highly  sensitive,  and  unable  10 
survive  unless  provided  with  highly  nutritious  food;  and  though  they  mature 
numerous  germ-cells  they  rear  but  few  offspring,  and,  what  is  still  more  striking, 
they  are  sometimes  either  white  or  all  but  devoid  of  pigment.  Offspring  thus 
characterised,  especially  when  white  or  nearly  white  in  colour,  <».</.,  nearly  white 
pheasants,  partridges,  and  woodcock,  white  specimens  of  the  brown  hare,  white 
squirrels,  &c.,  are  sometimes  regarded  as  distinct  varieties,  but  when  the  departure 
from  the  normal  colour,  &c.,  is  the  result  of  close  inbreeding,  it  ib  better  to  regard 
it  as  a  form  of  doiwn*:  •• 

In  the  sprin^  •  :  i  '•  •  '  •  I  •  rotted  a  quarter-wild  grey  doe  rabbit  with  a  closely 
inbred  black-and-white  buck.  The  young  obtained  varied  considerably  in  colour: 
to  one  of  her  offspring  coloured  like  the  sire,  the  grey  doe  produced  a  sucoud  litter, 
all  but  one,  decidedly  lighter  m  colour  limn  the  MIV.  Two  of  the  daiKer  members 
of  this  litter  produced  almost  white  youn<r,  and.  to  one  of  them  tlm  original  grey 
doe  has  recently  produced  a  ]  _'•  -•  -.1  ..•"••1  litter  consisting  of  two  pure-white 
specimens,  two  with  only  a  narrow  dorsal  hand.  t\\o  lawn-coloured,  and  mm 
black.  Close  interbreedinjLT  with  Croats  and  pigeons  yields  similar  ivMilts.  llml> 
on  MNJtll  remote  Pacific  itlanda  are  smnctimo  marked  with  irregularly  dUpi>M»d 
\\hite  patches.  These  pie-bald  birds,  like  light-coloured  pheasant*,  eream-colwued 
partridges,  and  dun-coloured  rooks,  may  al>o  he  the  \i<tuus  of  rloM!  inbreeding. 


of  lid*  Wrox*  iity. 

The  quefti  ion  fc  Are  now  \anetics  liable  *o  be  suampid  In  iiil«i 
perhaps  the  mo&t  important  now  preying  lor  on  aiiM\er  from  biologist?.  \Viiat 
would  happen,  for  example,  if  .specimens  of  all  the  <lii)"rciit  breeds  ol  cattle  >ve,io 
set  free  and  left  unmolested  on  a  large  urea  r*  \\  ould  they  some  centuries  lirncu 
be  represented  by  several  breeds  or  by  one  r1  Many  would  answer  this  question  by 
saying  that  unless  some  of  them  in  course  of  time  were  i*ol»,ted  by  mountains, 
deserts,  or  other  physical  barriers,  they  -\\ould  evcnluully  through  'intercrossing 
give  rise  to  a  single  breed.  To  this  question  J)ar\vin  would,  I  think,  have  gnen  a 
somewhat  diflereut  answer,  for,  while  admitting  Mliat.  isolation  is  of  considerable 
importance  in  the  production  of  new  species,1  ho  was,  mi  the  \\lmle,  *  inclined  to 
believe  that  largeness  of  area  is  of  more  importance.'1  Unfortunately  Darwin 
nowhere  indicates  how  he  supposed  new  varieties  escape  being  swamped  by  inter- 
crossing. His  silence  on  this  important  point  is  dillicult  to  explain,  for  during  his 
lifetime  the  influence  of  intercrossing  in  checking  progrc^,  uxcopt  in  one  direction, 
was  often  enough  insisted  on.  Huxley  tells  us  that  in  his  earliest  criticisms  of  the 
'Origin  '  '  he  ventured  to  point  out  that  its  logical  foundation  wa  ,  inn-cure  so  lung 
as  experiments  in  selective  breeding  hud  not  produced  varieties  which  were  morn 
or  less  infertile.'  -*  Later  Moritz  Wagner  and  others  pointed  out  the  important 

1   Oriyin  of  Species,  p.  101.  2  Life  of  Professor  Busky,  p.  170, 
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part  physical  isolation  had  played  in  the  origin  of  species;  and  later  still  Romanes 
endeavoured  to  show  how  the  blighting-  influence  of  free  intercrossing  might  be 
overcome  by  physiological  selection,  Romanes,  like  Huxley,  believing  several 
varieties  might  be  evolved  in  the  same  area  if  more  or  less  mutually  infertile. 
Evidence  of  the  importance  of  physical  isolation  is  plentiful  enough;  but  neither 
has  experimental  nor  selective  breeding  proved  that  physiological  isolation  has 
been  instrumental  in  arresting  the  > \vani pin/  effects  of  intercrossing.  Hence, 
according  to  Huxley  and  others,  the  foundation  of  Darwin's  doctrine  of  natural 
selection  must  still  bo  regarded  as  in  secure.  Is  intorsterility  the  only  possible 
in <;an a  by  \\hich  new  varieties  can  be  saved  from  premature  extinction,  from  being 
destroyed  belore  they  have  a  chance  of  proving  their  fitness  to  survive  ?  In  other 
words,  are  barriers  as  essential  among  wild  as  among  domestic  animals  P  It  does 
not  seem  to  have  occurred  to  the  biologists  who  so  fully  realised  tho  noed  of  isola- 
tion, that  the  old  varieties  instead  of  swamping  might  be  swamped  by  the  new,  and 
t  hat  several  varieties  might  sometimes  bo  sufficiently  exclusive  to  ilourish  and 
eventually  give  rise  to  a  like  number  of  species  in  the  same  area.  If  on  an  island 
two  new  varieties  of  sheep  appeared  sufliciently  vigorous,  or,  as  we  say,  sufficiently 
prepotent,  to  .swamp  all  the  other  varieties — as  the  ill-favoured  lean  kine  did  eat 
up  the  fat  ones— and  yet  so  exclusive  that  their  cross-bred  offspring  invariably 
belonged  to  the  one  new  variety  or  the  other,  for  their  preservation  fences  and 
other 'barriers  would  be  .superfluous. 

Is  there  any  evidence  that  by  prepotency  the  swamping  of  new  varieties  is 
sometimes  checked,  and  that  by  exclusive  inheritance  two  or  more  varieties,  though 
mutually  fertile,  may  persist  in  the  same  area,  occasionally  intercrossing  with  each 
other,  but  neither  giving  up  to  nor  taking  from  each  other  any  of  their  distinctive 
characters '?  I  have  in  my  possession  a  skewbald  Iceland  pony  that  produces  richly 
striped  hybrids  to  u  zebra,  but  skewbald  ofl'sprinjr  the  image  of  herself  in  make, 
rnlmir,  and  temperament  to  whole-coloured  bay  Arab  and  Shetland  ponies.  This 
pony  instead  of  IviiiL11  swamped  invariably  swamp*  older  breeds.  A  number  of 
prepotent  skewbald  ponies,  wherever  placed,  would  (espeeially  with  the  help  of 
preierential  mating)  in  all  probability  soon  jrherise,  to  a  distinct  race  such  as  once 
existed  in  the  Kast.  What  is  true  of  tin-  Kijuid:e  is  equally  true  of  other  groups, 
llluck  hornle.-N  Galloway  bulls  are  often  so  prepotent  that  their  ofl'spring  with 
long-horned  brightly  coloured  Highland  heifers  readily  pass  for  pure-bred  <* all o- 
\\ay<.  The  wolf  is  prepotent  o>er  the  dojr,  as  the  "ttild  rabbit,  rut,  and  mouse 
iiro  prepotent,  over  their  tame-  relnti\es.  As  nil  instance  of  prepotency  in  rabbits, 
I  mu\  givo  tho  results  of  an  interbreeding  experiment  with  a  urey  doe,  the  grand- 
daughter of  a  wild  rabbit,  and  an  inbred  buck  richly  spotted  like  a  Dalmatian 
bound.  Of  six  young  in  tins  iirst  litter  three  wvre  like  the  sire.  To  one  of  her 
sons  the  grey  doe  ne.\(  produced  eight  young,  all  richly  spotted,  and  subsequently 
to  one-  of  her  spotted  grandsons  she  produced  two  spotted,  two  white,  and  two  grey 
ofl'spring.  Similar  results  aie  obtained  -\\ith  plant:-;  hybrid  orchids,  *.;/.,  some- 
times reproduce  all  the  characters  of  one  of  the  parents 

It  need  hardly  bo  insisted  on  that  if  new  varieties,  well  adapted  for  their 
environment,  are  not  only  sufficiently  prepotent  to  escape  )>eim>  swamped  by  other 
varieties,  but  are  also,  like  the  spotted  rabbit,  able  to  hand  on  the  prepotency 
almost  unimpaired  to  a  majority  of  their  descendants,  progressive  development 
along  a  definite  line  will  be  possible.  Hut  of  even  more  importance  than  pre- 
potency is  what  for  want  of  a  better  name  may  be  known  as  exclusive  inheritance. 
Kecently  a  vigorous  mature  Indian  blue-rock  pigeon  mated  with  an  inbred  and 
equally  mature  fantail,  hatched  and  reared  two  birds,  one  exactly  liko  a  blue-rock, 
but  with  fourteen  instead  of  twelve  tail  feathers:  the  at  her  cliaructericed  by  all  the 
points  of  a  hijrli-ci,^-  fantail,  the  tail  feathers  being  thirty  in  number— two  fewer 
than  in  the  fantail  parent,  but  eighteen  more  than  in  tho  blue-rock  paiwit.  In 
this  case  the  blue-rock  was  the  exclusive  bird,  tho  fantail  having  previously  pro- 
duced birds  with  only  sixteen  feathers  in  the  tail  when  mated  with  an  ordinary 
dovecot  pigeon.  A  still  more  striking  example  of  exclusive  inheritance  we  have 
in  the  crow  family.  The  carrion  crow  and  the  hooded  crow  are  so  unlike  in 
colour  that  they  were  long  regarded  a*  two  distinct  species ;  now  they  are  said  to 
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be  two  varieties  of  the  same  species.  The  carrion  crow  is  black  nil  over,  but  in 
the  hooded  crow  the  breast  and  back  are  grey.  These  two  crows  cross  freely  (but 
for  this  they  would  probably  still  rank  as  distinct  species)  ;  but  in  the  crossbred 
young  there  is  never  any  blending  —  they  are  either  black  or  grey,  usually  both 
varieties  occurring  in  the  same  nest.  Similar  exclusivencss  occurs  umongbt 
mammals.  When  distinct  varieties  of  oats  are  crossed,  some  of  the  young  usually 
resemble  one  breed,  t-ome  the  other,  and  the  distinctions  may  persist  for  several 
generations.  A  white  crossed  with  a  tabby-coloured  Persian  "cut  produced  a  pair 
of  white  and  a  pair  of  tabby-coloured  young;  the  two  white  cat*  when  interbred 
also  produced  two  white  and  two  tabby-coloured  individuals.  I  iind  cats  are  far 
more  exclusive  than  rabbits  ;  perhaps  it  is  partly  for  this  reason  we  have  so  many 
species  and  varieties  of  wild  cats,  so  few  species  and  varieties  of  wild  rabbits. 
Another  very  striking  instance  of  exclusiveness  we  have  in  the  Ancon  or  '  Otter  ' 
sheep  common  in  New  England  at  the  end  of  the  eighteenth  century.  This  breed, 
which  was  characterised  by  short  crooked  leg&  and  a  long  back  like  "a  turnspit  dog, 
descended  from  a  ram-lamb  born  in  Massachusetts  in  1701.  The  offspring  of  this 
'sport*  were  never  intermediate  in  their  characters  :  they  were  either  like  the 
original  Ancon  ram  or  like  the  breeds,  some  thirteen  in  number,  with  which  he 
was  mated.  Frequently  in  the  case  of  twins  one  was  otter-like,  the  other  an  ordinary 
lamb.  More  remarkable  still,  the  Ancou-like  crosses,  generation  after  generation, 
were  as  exclusive  as  their  crooked-legged  ancestor. 

Another  familiar  example  of  excliisiveness  we  have  in  the  peppered  moth,  a 
dark  variety  of  which  in  a  few  years  swamped  the,  older  light  variety  throughout 
a  considerable  part  of  England,  and  is  now  extending  its  range  on  the  Continent. 
It  thus  appears  that  when  a  new  variety  is  sufficiently  prepotent,  instead  of  being 
swamped  it  may  actually  swamp  the  old-established  variety  ;  and  that  when  two 
or  more  varieties  are  sufficiently  exclusive  they  may  flourish  side  by  side,  and 
eventually  give  rise  to  two  or  more  distinct  species. 

Prepotency  may  hence  bo  said  to  supplement  and  complete  the  work  of  the 
environment.  The  environment  seems  to  be  mainly  concerned  in  eliminating  the 
unfit;  whetherany  of  the  survivors  persist  depends  not  to  much  on  their  .surround- 
ings as  on  whether  they  are  sufficiently  prepotent  and  exclusive  to  escape  being 
swamped  by  intercrossing.  Thib  way  of  accounting  for  progress  in  one  or  more 
directions  may  prove  as  inadequate  as  the  one  suggested  by  isolationists,  but  it  has 
the  merit  of  being  more  easily  tested  by  experiment.  It  not  only  gets  rid  of  the 
swamping  bugbear,  but  makes  it  matter  of  indiilerenre  whether  (to  quote  from  the. 
President's  address  at  the  last  Oxford  meeting  of  the,  Association)  '  the  advan- 
tageously varied  bridegroom  at  the  one  end  of  the  wood  meets  the  bride,  who,  by 
a  happy  contingency,  had  been  advantageously  varied  in  the  same  direction,  and 
at  the  same  time,  at  the  other  end  of  the  wood.'  Further,  as  a  highly  prepotent 
vigorous  variety  can  very  well  aflbrd  to  maintain  a  number  of  budding  organs,  it 
helps  us  to  understand  how  luminous,  electric,  and  certain  other  structures  were 
nursed  up  to  the  point  when  they  began  to  count  in  tho  struggle  for  existence. 

Doubtful  Causes  of  Variation. 

Having  indicated  how  maturity  of  the  soma  and  of  the  germ-cells,  and  how 
bodily  welfare  and  interbreeding  may  act  as  causes  of  variation,  and  also  how 
swamping  of  the  new  variations  may  be,  checked,  1  shall  now  refer  to  certain 
supposed  causes  of  variation. 

Matcmal  Impression*. 

I  may  begin  with  the  widespread  belief  that  the  offspring  are  capable  of  being 
influenced  in  form,  colour,  and  temperament  by  maternal  impro&sioris  —  the  belief 
we  associate  with  the  skilful  shepherd  who  peeled  wands  and  stuck  them  up  before 
the  fulsome  ewes.  Muller,1  more  than  half  a  century  ai?o,  conclusively  argued 
against  the  belief  in  maternal  impressions,  but  the  belief  &till  prevails.  1  know  of 

1  Elements  of  Physiology  \  vol.  ii.  p.  1105. 
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two  able  naturalists  -who  subscribe  to  the  maternal  impression  doctrine,  and  it  is 
firmly  held  by  many  breeders  and  by  not  a  few  physicians.  A  writer  in  a  recent 
number  of  a  quarterly/  which  circulates  widely  amongst  farmers  and  stock-keepers, 
boldly  asserts  that  the  existence  of  impressions  whicli  affect  progeny  (more  espe- 
cially in  colour)  is  a  settled  fact.  This  writer  supports  his  case  by  referring  to  a 
highly  successful  breeder  of  polled  Angus  cattle,  who  considered  it  necessary  to 
surround  his  herd  *  with  a  tight  black  fence  in  order  to  keep  the  females  from 
dropping  red  calves  because  they  saw  the  red  herds  of  his  neighbours.'  lleference 
is  also  made  by  this  writer  to  the  belief,  common  in  certain  parts  of  England,  that 
whitewashed  byres,  regardless  of  the  colour  of  the  parents,  produce  light-coloured 
calves  ;  that  the  colour  of  foals  is  often  more  influenced  by  the  stable  companion  of 
the  dam  than  by  her  own  colour  or  that  of  the  sire  ;  and  that  even  the  colour  of 
birds  varies  with  the  immediate  surroundings,  fowls,  e.g.,  however  carefully 
penned,  hatching  birds  resembling  in  colour  the  hens  they  habitually  see  in  a 
neighbouring  run.  If  maternal  impressions  thus  influence  the  offspring  they  must 
be  one  of  the  most  effective  causes  of  variation.  During  the  last  s»ix  years  I  have 
bred  many  hundreds  of  animals,  but  the  nearest  approach  to  an  instance  of  maternal 
impressions  was  a  dark  pup  with  a  white  ring  half  round  the  neck,  which  suggested 
the  white  metal  collar  sometimes  worn  by  his  sire.  But  similar  rings  round  the 
le<rs  and  tail  rather  discredited  the  view  that  the  white  neck-ring  was  in  any  way 
related  to  the  sire's  nickel-plated  collar.  Telegony  was  sometimes  said  to  be  due  to 
maternal  impressions.  It  was  doubtless  for  this  reason  that  I  was  urged  some 
years  ago  to  carefully  prevent  the  mares  used  in  my  experiments  from  seeing  too 
much  of  the  zebras.  But  though  numerous  foals  have  been  bred  from  mares 
stabled  with  zebras  or  grazing  with  richly  striped  zebra  hybrids,  not  a  particle  of 
evidence  have  I  found  in  support  of  the  maternal  impression  doctrine.  The  foals 
Lave  neither  stripes  nor  upright  manes,  and  do  not  even  attempt  to  mock  the 
weird  barking  call  of  the  zebra.  Sheep  and  cattle,  goats,  rabbits,  and  guinea-pigs, 
fowls  and  pigeons,  have  Dimply  confirmed  the  results  obtained  with  horses.  This 
being  the  case,  grooms  may  very  well  omit  following  the  practice  (considered  so 
essential  in  Spain  during  the  Middlo  Ages,  and  still  often  religiously  observed  in 
England  and  America)  of  setting  'before  the  mares  .  .  .  the  most  goodly  boasts  ' 
by  way  of  hinting  to  them  the  kind  of  foals  they  are  expected  to  produce. 

The  Needs  of  the  Organiani  as  a  Cause  of  Variation. 

No  recent  biologists  ore  perhaps  prepared  to  believe  like  Lamarck  that  the 
wings  of  birds  were  developed  by  their  remote  ancestors  making  efforts  to  fly  ;  that 
by  .stretching  its  toes  the  otter  acquired  webbed  feet  ;  nor  are  they  prepared  to 
find  in  our  new  mammal,  the  Ocnpi,  evidence  in  support  of  Lamarck's  contention 
that  to  meet,  new  needs  the  giraffe  by  much  stretching  gradually  lengthened  his 
neck.  Yet  it  is  diilicult  sometimes  to  see  any  real  difference  between  the  beliefs 
of  the  new  Lamarckians  and  the  old.  It  is  maintained,  for  example,  '  that  when  a 
certain  functional  activity  produces  a  certain  change  in  one  generation  it  will  pro- 
duce it  more  easily  the  next,/  that,  e.g.,  flounders  and  their  allies  by  constant  efforts 
generation  after  generation  have  dragged  the  left  oyo  to  the  rip-lit  side,  while  by 
similar  efforts  in  the  turbot  and  certain  other  flat  iishes  the  right  eye  has  been 
shifted  to  the  left  side.  It  is  not  alleged  by  Neo-Lamarckians  that  globe  fishes 
resulted  from  round  fishes  blowing  themselves  out,  or  that  flounders  resulted  from 
round  iishes  generation  after  generation  making  efforts  to  flatten  themselves.  If 
by  germinal  variation  and  selection  flounders  were  evolved  out  of  round  fishes, 
is  it  not  at  raining  at  a  gnat  and  swallowing  a  camel  to  refuse  to  admit  tlrat  by 
the  same  factors  the  left  eye  of  Ihe  flounder  has  been  transferred  from  the  left  to 
the  right  side  of  the  head  ?  In  the  flat  fishes  it  is  not  difficult  to  imagine  how  by 
variation  and  selection  the  eyes  originally  acquired  the  power  of  responding  to 
certain  external  stimuli. 


1  Baby's  Quaricrli/t  Autumn  Kumber,  1000,  p.  163. 
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The  Direct  Action  of  the  Environment  and  Use- Inheritance  as  Causes 

of  Variation. 

Of  the  doctrine  of  the  transmission  of  acquired  characters,  still  so  often  the 
subject  of  discussion,  I  need  say  little  more  than  that  1  have  failed  to  discover 
any  evidence  in  its  favour.  Writing  in  1870,  Darwin  says,  'In  my  opinion  the 
greatest  error  which  I  have  committed  has  been  not  allowing  sufficient  weight  to 
the  direct  action  of  the  environment,  i.e.,  food,  climate,  &c.,  independently  of 
natural  selection/ l  Darwin  not  only  in  his  later  years  reverted  to  the  teaching 
of  Bufibn,  but,  in  as  far  as  he  continued  to  believe  in  the  '  inherited  effects  of  use 
and  disuse/  he  adopted  the  views  of  Erasmus  Darwin  and  Lamarck.  AVhile 
admitting  that  the  direct  action  of  the  environment  on  the  soma  and  use- 
inheritance  are  indirect  —it  may  be  potent — causes  of  variation,  I  do  not  belie  vt; 
there  is  any  trustworthy  evidence  in  support  of  the  view  that  definite  somatic 
variations  are  ever  transmitted. 

Tch'yony  as  a  Cause  of  Variation. 

,01 

The  belief  ill  telegony  is  less  deserving  of  roiu  -^oration  than  the  doctrine  of 
the  transmission  of  acquired  characters.  Neverthe  '?a  1  perhaps  ought  to  refer 
to  it  at  greater  length,  not  ho  much  because  of  its  scientific  importance,  but 
because  it  interests  all  borts  and  conditions  of  men  in  many  different  parts  of  the 
world.  Telegony  ('  infection  of  the  germ '  of  older  writers)  means  that  not  only 
the  immediate  parents  but  also  the  previous  mates  (if  any)  contribute  to  the 
characters  of  the  offspring ;  that,  e.y.9  a  mare  which  had  produced  foals  to,  \ say, 
4  Ladas'  and  '  Persimmon'  might  thereafter  give  birth  to  a  foal  by  '  Flying  Fox,' 
to  which  '  Ladas  *  and  '  Persimmon/  as  well  as  the  act  ual  sire,  contributed  some 
of  their  characteristics.  Many  even  think  a  Hire  may  transmit  definite  structural 
characters  from  one  mate  to  another.  If  there  is  such  a  thing  as  tele.<ron\,  if  it  is 
possible  to  blefid,  without  the  risks  of  intercrossing,  tin*  characteristics  of  M»ver«l 
individuals  or  varieties,  progressive  development  would  be  greatly  accelerated. 
Though  the  doctrine  of  '  infection  9  lia^  probably  long  formed  part  ol  the  breeder'* 
creed,  it  received  but  little  attention  from  men  of  science  until  in  IH20  Lord 
Moiton  communicated  a  case  of  infection  to  the  IJrvyal  Society,  which  in  due  tune 
was  published  :n  the  '  Philosophical  Transactions.'  In  this  the  mo.st  credible  and  best 
authenticated  of  all  the  caseb  of  telegony  on  record  a  chestnut  maro,  after  retiring  si 
quagga  hybrid,  produced  to  a  black  Arabian  horse  three  fouls  of  a  peculiar  bay 
colour,  one  of  them  (a  iilly)  shoving  more  stripes  than  the  quagga  hybrid,  and, 
according  to  the  stud  groom  in  charge  of  '  the  colts,'  characterised  W  a  mane 
'which  from  the  first  was  short,  stitT,  and  upright.*-  Darwin,  after  fully 
considering  Lord  Morton's  case,  came  to  the  conclusion  that  the  chestnut  niaie 
had  been  infected,  and  this  ca^e  along  with  others  led  him  to  believe  that  the 
iirst  male  influenced  'the  progeny  subsequently  borne  by  the  mother  to  other 
jnale«.'y  If  the  upright  zebra-like  man«  in  one  of  the,  pure-bred  colts  and  the 
markings  on  all  three  were  the  result,  of  the  chestnut  mare  having  been  iirst 
mated  with  a  quagga,  there  is  undoubtedly  such  a  thing  as  telegony,  arid  the, 
presumption  is  that  other  mares  first  mated  with  a  quagga  or  zebra  and  then  with 
a  black  Arabian  would  give  birth  to  striped  offspring  with  a  still'  if  not  quite, 
upright  mane.  The  evidence  that  from  the  iirst  the  mane  of  the  iilly  was  short, 
stiff,  and  upright  is  most  unsatisfactory.  It  consists  of  an  allegation  by  a  stud 
groom.  That  the  mane  was  upright,  as  in  the  quagga  and  zebra,  is  it  priori 
improbable,  (1)  because  the  mane  of  the  quagga  hybrid  instead  of  being  short,  and 
stiff  was  long  and  lank  enough  to  arch  to  one  si  Je  of  the  neck ;  ( "2)  because  the 
mane  of  zebra  hybrids  throughout  the,  greater  part  of  the  year  is  so  long  that 
it  falls  to  one  or  it  may  be  both  sides  of  the  neck ;  and  (3)  because  in  the  Equidte 

1  Life  and  Letters :  Letter  to  Moritz  Wagner. 

*  Phil.  Trans.,  1820,  p.  21. 

3  Animals  and  Plints,  vol.  ii.  pp.  433,  43G. 
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an  upright  maiic  is  always  accompanied  by  a  tail  deficient  of  hairs  at  the  root — 
in  the  filly  the  tail  is  as  perfect  as  that  of  her  Arab  eire.  Wo  have  still  stronger 
rvidence  that  the  allegation  of  the  groom  was  unfounded  from  drawings  (of  the 
chestnut  mare,  her  three  'colts/  the  black  Arab,  the  quagga,  and  the  quagga 
hybrid)  by  Agasse,  a  very  reliable  animal  painter  of  the  early  part  of  last 
century.  In  the  drawing  of  the  iilly  the  mane  is  represented  as  lying  to  one  side, 
as  in  Arabs  and  other  well-bred  horses.  The  pictures  (now  in  the  Museum  of  the 
Koyal  College  of  Surgeons,  London)  were  made  because  the  subsequent  foals 
•were  believed  to  prove  tin;  truth  of  the  *  inlecl.ion'  doctrine.  Had  the  mane  of 
the  iilly  been  erect  it  would  hardly  have  escaped  the,  keen  oycrf  of  the  artist. 
But  had  Aga*se  by  any  chance  niissrd  this  ull-impor taut  detail,  Lord  Morton  or 
some  of  those  interested  would  doubtless  have  culled  his  attention  to  the  matter. 
If  the  mane  of  an  Aral)  is  completely  removed  early  in  the  bpring  it  is  siiff,  and 
upright  in  the  autumn,  but  hanging  to  one  side  close  to  the  nee  it  in  the  following 
summer.  When  the  whole  circumstances  are  taken  into  consideration,  there 
seems  to  me  no  escape  from  the  conclusion  that  the  mane  of  the  iilly  was  upright 
when  seen  by  Lord  Morion  in  August  18L'0,  and  lying  to  one  sidu  when  painted 
by  Agasso  the  following  summer,  because  it  had  been  regularly  cropped  or  at  least 
hogged  some  months  before  Lord  Morton's  visit.  But  whatever  be  the  explanation 
of  the  want  of  agreement  between  the  mane  as  seen  by  Lord  Morton  and  as 
depicted  by  Agasae,  it  will,  1  think,  be  admitted  that  the  evidence  afforded  by  the 
mane  of  the  filly  is  hardly  siilttcient  to  establish  the  truth  of  the  doctrine  of 
telegoiiy.  Of  still  less  value  is  the  evidence  afforded  by  the  make,  coat-colour, 
and  markings  which  were  apparently  too  indistinct  to  deserve  the  name  of  stripes. 
The  colts  were  decidedly  Arab-like,  of  a  bay  colour  marked  more  or  less  '  in  a 
darker  tint.'  Judging  from  A  game's  drawings  they  closely  resemble  Arab-Indian 
crosses;  they  are,  in  fact,  in  make  \orylike  the  Anib-Kathiawar  horse  already 
referred  to,  1  have  seen  a.  bay  Highland  rob  with  as  many  stripes  as  Lord 
.Morton's  colts,  and  pure-bred  Arabs  of  a  dun  colour  with  stripes  on  the  neck  and 
far  more  distinct,  leg  bars  than  tho-e,  depicted  by  Agas>o.  1  believe  the  colts 
owed  their  stripes  and  colour,  not  to  *  infection  '  nf  their  dam  by  her  previous  mate 
the  quagga,  but  to  reversion.  It  i^  quite  posMhle  the  black  Arabian  horse  was  of 
mixed  origin  ;  that- the  chestnut  in  are  was  crossbred  is  admitted.  As  in  the  west 
of  Ireland  the,  offspring  of  black  mid  chrstnnt  ponies  are  sometimes  of  a 
decidedly  dun  colour,  it  is  not  surprising  that  the  black  Arab  and  the  half-bred 
chestnut  had  bay  offspring.  ,\ either  tiro  the  stripes  surprising.  1  recently  ascer- 
tained that  (ho  chestnut  mare  was  presented  to  Lord  Morton  (while  serving  with 
his  regiment  in  India)  by  one  of  his  otlicers — Mr.  Boswell  of  IWside,  Aberdeen- 
shire-  and  that  she  \viis  inoM  likely  a  cross  between  an  Arab  and  a  count r\-brod 
pony.  In  Kathiawar  tin*  pnnic--  when  purc-hred  are  of  a  rulous  grey  colour  and 
more  or  les*  richly  striped.  If  in  the  chestnut  maro  there  \\iis  any  Kathiawar  or 
even  any  native  pony  blood  its  offspring  to  a  black  sire  might  have  been  expected 
to  be  of  a  dun  colour  and  striped.  Jn  a  word,  there  is  no  reason  for  assuming 
that  the  foals  would  have  boon  less  striped  if  the  chestnut  mare  had  been  mated 
with  the  black  Arab  lirst  and  the  quagpa  afterwards. 

By  way  of  testing  the  truth  of  the  *  infection*  doctrine  f  ftarted,  in  iSOo,  a 
number  of  experiments,  and  especially  arranged  to  repeat  as  accurately  as  possible, 
what  is  commonly  called  Lord  Morton's  experiment.  Since  t  hen  twelve  mares,  after 
producing  sixteen  zebra  hybrids,  a  mule,  and  a  hinny,  have  had  an  opportunity  of 
supporting  the  tolegony  hypothesis  by  giung  birth  to  twenty-two  pure-bred  foals. 

During  the  same  period  Baron  do*  Parana  of  Brazil  lias  lirod  at  least  six  zebra 
hybrids,  and  some  of  the  dams  of  these  hybrids  subsequently  produced  ordinary 
foals.  Further,  Baron  de  Parana  has  for  a  number  of  years  been  engaged  in 
crossing  cattle  and  in  watching  the  results  obtained  in  several  mule-breeding 
establishments,  where  from  400  to  1,000  brood  mares  are  kept.  As  in  these 
establishments  the  mares  breed  mules  and  horse?  alternately — two  or  three  mules 
and  then  a  hor^e  foal — there  has  been  carried  on  lor  some  \caro,  under  the  observa- 
tion of  Baron  de  Parana,  a  telegony  experiment  on  a  gigantic  bcale. 

The  biiigle  hybrid  bred  by  Lord  Morton  had  extremely  few  stripes,  and  only 
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in  a  remote  way  suggested  a  member  of  the  zebra  family.  Alt  my  hybrids,  like 
those  bred  in  Brazil,  have  more  stripes  than  their  zebra  sire,  and  in  some  of  them 
the  bands  are  nearly  as  conspicuous  as  in  some  oi'  the  zebras,  thus  proving  that 
both  the  mares  (which  varied  in  colour  and  breed)  and  the  two  zebra  stallions 
used  were  well  adapted  for  the  experiment.  The  results  of  my  experiments,  not 
only  with  the  Equidaj  but  also  with  other  domestic  quadrupeds  und  birds,  all  point 
to  the  conclusion  that  there  is  no  such  thing  as  telegony,  and  the  same  conclusion 
has  been  independently  arrived  at  by  Baron  do  Parana  in  Brazil.  Believers  in 
telegony — they  are  numerous  in  America,  India,  and  Australasia,  as  well  as  in 
England — almost  always  say  of  the  many  experiments  recently  made  with  a  view 
to  giving  'infection'  a  chance  of  showing  itself,  that  they  have  only  yielded 
negative  results,  and  they  generally  add,  it  is  impossible  to  prove  a  negative.  After 
carefully  considering  all  the  more  striking  so-called  cases  of  'infection,1  I  havo  no 
hesitation  in  saying  that  there  is  no  satisfactory  evidence  that  there  has  ever  been, 
either  in  the  human  family  or  amongst  domestic  animals,  a  single  instance  of 
'  infection.' 

I  have  in  a  hurried  and  imperfect  manner  indicated  that  wo  are  not  likely  to 
find  either  in  maternal  impressions,  the  direct  action  of  the  environment,  use- 
inheritance,  or  telegony  a  true  cause  of  variation.  I  have  endeavoured  to  point 
out  that,  instead  of  simply  stating  that  variation  is  due  to  the  constant  recurrence 
of  slight  inequalities  of  nutritio?i  of  the  germ-cells,  we  may  with  .some  confidence 
assert  that  differences  in  the  age,  \igour,  and  health  of  tin*  parents  and  differences 
in  the  ripeness  of  the  germ-cells  are  potent  causes  of  variation. 

I  have  also  endeavoured  to  prove  that  intercrossing,  though  a  direct1  causo  of 
retrogre&sive  variation,  is  only  an  indirect  causn  of  progressive  variation,  whilt* 
interbreeding  (in-and-in-breeding)  at  the  right  moment  is  u  cuus>c  of  progressive 
variation. 

Further,  I  have  discussed  at  s^ine  length  the  swiimpitig  effects  of  inter- 
crossing, chiefly  with  the  object  of  showing  (1)  that  progress  in  a  Binglt*  direction 
is  probably  oftefr  due  to  new  varieties  swamping  old,  it  may  bo  long-e^taMi.sbed, 
varieties;  and  (2)  that  several  varieties  maybe  siiilicientlv  exclusive  to  flourish 
side  by  side  in  the  same  area,  and  eventually  (partly  owing  to  tl'eir  aloofness,  itr.j 
to  differential  mating)  give  rise  to  several  new  species. 

I  have  only  now  to  add  that  I  was  mainly  led  to  select  'The  Experimental 
Study  of  Variation7  as  the  subject  of  my  address  that  I  might  indirectly  indicate 
that  the  time  had  come  when  a  well  equipped  institute  should  he  provided  for 
biological  and  other  experiments. 

The  following  Papers  and  Report*  were  read:  — 

1.  The  Pehic  Cavity  ofthcPurpow  (Phocu'na  conmnmis)  ns  a  */?//VA»  totltr. 
determination  of  a  /SVew//  Jin/ion  iti  Ci'ttimi.  Jly  DAVID  HKPIUIUN', 
N.D.,  F.R.S.E.)  Lfiriurrr  on  fir// in  MI  f  Anufoiny,  <twl  DAVID  WATER- 
STON,  JI.A.,  US.!).,  FM.ti.E.)  Dcmonnlmlor  of  Anatomy ,  Unirtrsity  of 
SSdinburg/t. 

Among  Cetacea  the  absence  of  hind  limbs  renders  it  difficult  to  determine  from 
external  examination  where  the  trunk  of  the  body  ends  and  the  tail  begins,  but 
upon  the  skeleton  the  presence  of  chevrons  enables  us  to  differentiate  the,  caudal 
from  the  so-called  lumbar  vertebra.  No  means  of  subdividing  the  lumbar  verte- 
bra into  lumbar  and  sacral  •••  t  - 11..  »::. :  hitherto  been  suggested,  Iho  authors  aro  of 
opinion  that  a  key  to  such  •-.!;•:.  \M  s:  maybe  found  in  a  study  of  tho  vertebral 
relations  of  the  pelvic  cavity.  They  ha\  e  determined  the  existence  of  a  truo  pehic 
cavity  in  the  common  porpoise.  This  cavity  corresponds  to  five  pnn-paudal  verte- 
bra), and  its  anterior  end  is  opposite  the  UUth  \ertebra  behind  tho  skull.  The 
authors  have  examined  the  vertebral  columns  of  a  number  of  four-footed  mammals 
and  find  that  the  first  segment  of  tho  fused  sacrum  varies  in  position  from  the 
27th,  to  the  31st  vertebra  behind  the  skull.  Among  Cetueea  they  find  that 
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while  allowing  five  prae-caudal  vertebrre  for  a  sacral  series,  there  is  much 
variability  regarding  tlie  position  of  the  first  sacral  segment.  Thus,  among  cer- 
tain Mystacoceti,  it  would  occur  from  the  27th  to  the  31st  vertebra  behind 
the  skull,  but  in  Balamoptera  sibbaldii  at  the  33rd  or  34tb.  Among  toothed 
whales  (Denticeti)  the  variability  is  much  greater,  especially  among  ])elphinidre, 
not  only  in  different  species,  but  even  in  different  specimens  of  the  same  species 
nnd  in  different  sexes,  for  the  first  sacral  vertebra  may  be  situated  from  the  27th 
to  the  43rd  vertebra  behind  the  skull. 

Notwithstanding  these  differences,  the  position  of  the  pelvic  organs  indicates 
that  they  are  due  rather  to  variation  in  the  number  of  dorsal  and  true  lumbar 
vertebrae"  than  to  increase  in  the  length  of  the  sacral  region.  Therefore,  from  the 
position  of  the  pelvic  organs  and  the  presence  of  a  peritoneal  cavity  (pelvic)  in 
Cetacea,  and  also  the  common  occurrence  of  five  vertebno  in  the  sacrum  oi  quadru- 
pedal mammals,  the  authors  believe  that  among  Cetacea  five  prae-caudal  vertebras 
might  fairly  be  classified  as  sacral,  o-\  conversely,  that  tho  sacral  series  of  vertebrae 
might  be  reckoned  from  tho  inlet  of  t^e  peritoneal  pelvic  cavil  y  to  the  first  of  the 
chevron  -bearing  or  caudal  vertebra). 


2.   Thfi  RflafiMifiJiipa  ofl/in  Pntiifiyllln  in 
J]if  RICHARD  J.  ANDERSON,  M.D.I  Professor  of  Natural,  M'wtory,  Gain-ay. 

The  premn  villa  presents  many  feature*  of  interest  because  of  it*  relations  to 
other  bones  in  the  *ame  animal,  and  to  tin*  same  bone  in  other  animals,  also  because 
of  the  peculiar  portion  which  was  assigned  to  it  in  the  vertebrate  theory  of  the 

bkull. 

This  bone  in  the  bear*  articulates  with  the  frontal,  and  differs  in  this  respect 
from  the  position  of  the  bone  in  other  oarnhora.  The  following  summary  repre- 
sents the  facts  in  the  hpeeie.^  examined:  — 

Ur*u*  jti/rtntpus.  —  The  di.-tance  from  the  alveolar  margin  of  the  premaxilla 
to  the  iHMil  in  the  middle  line  is  L'J  niche*.  Tho  naso-premaxillary  suture  is 
tt  inches  in  length,  The  premaMlhi  1  inch  wide  below  by  ;>£  inehos  in  length. 
The  nasal  IN  tt  inches  and  the  maxilla  o'J  inches.  The  maxilla  is  thus  bhut  out 
from  tho  nasals. 

Ur*ux  /flta/fM*.—  Tho  length  of  tho  skull  here  is  1  foot  and  the  premaxilla 
4  inches.  The  premaxilla  is  nearly  }  inch  acm^s  at  the  lower  end  of  the 
nasals.  The  measurement  from  the  inci>or  alveolar  margin  to  the  lower  border 
of  the  nasals  is  "2}  inches  The  nnso-prem  axillary  articulation  is  '2  inches  in 
length. 

Hw/x  arcto*.  —  The  length  of  the  skull  is  1  foot  '2  inches;  nasals,  o£  inches 
by  .V  iiu-h  broad  ;  premaxilla,  4  \  inches  long  by  -^  inch  broad.  This  may 
li'e  compared  with  the  la>t.  The  distance  of  tho  alveolar  margin  from  the 
lower  border  of  the  n«MiU  is  :?•}  inches.  It  is  1  :J  inch  from  the  na>al  edge  to 
the  point  of  articulation  \uth  the  frontal.  The  naso-prema.\illary  suture  is 
i>£  inches.  Hrown  lu-ar  has  ti  naso-maxillary  suturo  (OwenX 

'The  premaxilla  of  the  Himalayan  bear  reaches  further  up  and  back  than  in 
lIrMi«  arctos  and  V.  labiiitus.  Alveolar  margin  to  na,-al  is  1'}  inches;  naso- 
premaxillary  suture,  1^  huh  ;  prenmxillary  maxillary  suture,  oj  inches. 
a  skull  1  foot  in  length.'  The  iittMil  is  a  inches 


has  a  skull  1  foot  in  length.'  The  iittMil  is  a  inches  and  premaxillary 
4  inches  long.  The  alveolar  margin  is  l?£  inches  distant  from  the  nasals.  Tho 
naso-premnxillary  suture  1.J  inch. 

M«ritimm  has  nasals  4  inches  long  and  premaxilhe   ">  inches.     Tho 


to  nasal,  *2'}  inches.     This  and  other  specimens  were  kindly  placed  at  my  disposal 
in  the  Kildare  Street  Museum,  Dublin. 
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It  is  thus  observable  that,  whilst  in  some  specimens  (e.g.,  the  Himalayan  and 
white  bear)  the  nasals  appear  to  be  proportionally  longer  (reach  higher  up),  there 
appears  to  be  tolerable  uniformity. 

Comparing  Kindred  Genera.  —  Herpestes  has  an.  -r  :  .....  similar  to  the 
bears.  The  specimens  examined  belonged  to  the  (  ,  .  -  rgeons'  Museum. 

The  marten  has  premaxillre  that  nearly  touch  the  frontals.  In  Genetta  tigrina 
these  bones  approach,  and  in  the  specimen  examined  the  premaxilla  of  the  left 
side  touches  the  frontal.  The  premuxilko  in  Procyon  lotor  reach  almost  to  the 
frontal.  MeUivora  copenxis  has  a  naso-maxillary  suture  three-eighths  of  an  inch 
long. 

The  Canidro  approach  the  Ursida?  in  only  some  of  their  species  in  the  character 
of  the  connections  of  the  premaxilla.  Canis  aureus  has  a  naso-maxillary  suture 
one-eighth  of  an  inch  long,  or  less.  The  tips  of  the  frontals  and  Drtjmaxillae 
approach  in  the  fox,  whilst  in  a  St.  Bernard  dog  :»  inches  may  be  interposed 
between  the  muxillaries  and  frontals.  Hence  we  see  that  in  tho'Canidno  there  is 
less  uniformity  than  in  the  Ursida*. 

The  common  otter  (Lutra  vulgaris-)  and  the  sea  otter  do  not  show  any  articu- 
lated frontals  and  premaxilla4.  The  prey  seal,  common  seal,  and  walrus  show 
no  resemblance  to  the  bears. 

The  whales,  Mesoplodon,  Ovca,  and  the,  dolphins,  on  the  other  hand,  have 
greatly  elongated  prernaxillie  with  greatly  reduced  nasals,  whilst  in  the  Sirenia 
enormous  development  of  the  former  corresponds  with  abortion  of  the  latter. 

The  great  development  of  the  premaxilloc  in  rodents  and  elephants,  as  in  the 
dugong,  seems  to  be  associated  with  the  large  incisor  teeth,  but  the  hyrax  is  more, 
like  the  Macropus  in  this  regard.  The  premaxillic  in  lemurs,  monkeys,  and  ant- 
eaters  are  short  and  attached  In  their  upper  ends  to  the  nasals;  they  are,  not  much 
concerned  in  the  elongation  of  the  skull  in  the  latter  group.  The  skull  of  Myrme- 
cophagu  jubata,  34  inches  long,  has  nasals  7  inches,  but  premaAilhe  vwry  short 
and  set  perpendicularly  to  the  nasals,  the  external  inferior  angle  of  which  they 
The  apparent  separ 


touch.  The  apparent  separation  of  a  portion  of  the  front  al  part,  of  the  pr 
appears  to  be  the  result  of  a  wonnian  ossification  such  as  is  seen  in  the  gorilla. 
The  'accessory  premaxilla  '  found  in  relation  with  the  premaxilla  iu  monotromes 
seems  to  have  no  representative  in  mammals  (Van  1  5am  melon).1  Jt  seems,  there- 
fore, that  — 

(1)  The  UrsidjT  have  the  premaxilla  usually  articulating  with  the  frontal. 
The  suture  may  occupy  a,  higher  level  in  some  form*. 

(2)  That  in  the  Proc\on,  marten,  and  Genet  ta  the  bones  nearly  touch. 

(3)  Some  Canidse  resemble  the  bears  in  having  the  nmxilhn  almost  separated 
from  the  nasals. 

(4)  That  the  otters  and  common  j-enls  differ  from  the  bears  in  this  regard,  us 
also  does  the  walrus. 

3.  Ke.port  on  the  Migration  of  IHrfls  in  (treat  ftritcdn  and  Ireland. 
See  Reports,  p.  .'501. 

4.  Report  on  Ilie  Occupation  of  a  Table  at  the  Zooloyical  Mat  ion,  Naples*. 
See  Reports,  p.  354. 

5.  llcport  on  the.  Occupation  of  a  Talte  at  tto,  Marine  fliolof/icaf 
Laboratory,  Pit/month.  —  See  Reports,  p.  370. 

G.   Report  on  the  *  Imlev  Aniinafium.'  —  See  Reports,  p.  362. 
1  Mcckel,  Owen,  Turner,  DC  Blainvillc,  &c. 
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7.  Rrport  on  thf1  Plankton  and  Physical  CowK  flows  of  the  English 
Channel.  —  Son  Reports,  p.  .'JfW, 


8.  Elcr  f  nth  Report,  on  fhc  Zoology  of  the  Sandwich 
S«»o  Reports,  p.  .°>r»^. 


P.  Report  on  the  Coral  Reefa  ofth?  Indian  Key  tun.—  SOP  Rpportr,  p.  363, 


FRIDAY*  SEPTEMRKR  13. 

The  following  Papers  wero  read  :  - 
1.  The  Coral  Mawls  of  the.  Maldives.1     J>y  .1.  STANLEY  GARDINER, 

The  Maldive  Archipelago  to  tin*  south- west  of  Ceylon  is  made  up  of  a  largo 
series  of  comparatively  shallow  banks  separated  from  one  another  by  channels  of 
about  170  fathoms  in "depth.  They  extend  north  and  south  as  a  chain,  double*  in 
the  centre,  for  WO  miles.  All  are  covered  with  coral  reefs  arising  to  tho  surface. 
Some  banks  have  on  their  circumferences  the  single  riiiir->1iu]i*Ml  reefs  of  perfe<£ 
atolls,  while  others  are  studded  with  numbers  of  small  isolated  reefs  many  of 
which  are  of  circular  form  with  shallow  lagoons.  The  two  classes  of  bank  merge 
into  each  other,  and  the  changes  taking  place  at  the  present  day  are  such  that 
the  atolls  may  naturally  be  supposed  to  have  arisen  by  the  fusion  of  1ho  smaller 
reefs. 

All  land  in  the  Maldive  group  owes  its  origin  directly  or  indirectly  to 
elevation  and  in  most  atolls  is  very  markedly  washing  away.  Everything  points 
to  a  state  of  rest  at  the  present  day.  The  afoll  reefs  are  perfecting  themselves  on 
all  sides,  and  their  passages  are  closing  up.  Tho  reefs,  howe\er,  are  not 
broadening,  but  to  a  certain  point  narrow  as  they  become  more*  perfect.  Tim 
central  basins  of  ntollniM  are  e\ery\vhere  coming  into  free  communication  with 
the  lagoons  of  the  atolls.  There  is  no  t  race  whatever  of  the  lilling  in  of  tho 
lagoons ;  indeed,  such  evidence  as  was  found  pointed  oil  the  contrary  to  their 
further  widening  and  deepening,  and  to  the  gradual  destruction  of  the  shoals  and 
lands  within  their  encirclii  g  reefs.  The  .Maldive  group  certainly  marks  the 
existence  of  an  ancient,  land  area,  but  the  changes  going  on  are  not  consistent 
with  tho  view  that  the  reefs  were  built  up  on  the  subsidence  of  the  land.  Tho 
various  reefs  appear  rather  to  have  grown  up  separately  on  slight  eleAations  of  a 
common  plateau  at  a  depth  of  about  1AO  fathom**,  while  the  plateau  itself  seems 
to  have  been  formed  by  the  washing  away  of  the  original  land  by  wa\p  and 
current  actions. 

2.  On  a  Method  for  Recording  Locaf  Minnas. 
Jjy  EDWARD  J.  BUM,  J1.A.,  J1.S<: 

It  is  evident  that  faunological  work  is  the  basis  upon  which  zoological 
investigations  of  all  kinds  are  founded.  The  important  questions  connected 
with  tho  study  of  environment  —since  the  biological  no  less  than  tho  physical 
environments  of  any  particular  organism  must,  be  taken  into  account — depend  for 
their  solution  on  an  accurate  and  complete  knowledge  of  the  associated  fauna  and 
Uora.  There  an*  unlimited  opportunities  lor  work  on  this  fascinating  subject  at 

1  Kor  a  full  account  of  these  islands  see  The  Fauna  anil  (Geography  of  1hr  Mal- 
dlrex  anil  Lawttdlres,  Cnmb.  Univ.  Press,  vol.  i.,  psirt  1  (October  15,  190i)  and  pnrt 
2  (in  the  preps). 
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our  own  doors,  and  for  this  roason  alone,  though  there  are  many  others  equally 
weighty,  the  compilation  of  our  own  local  faunas  is  most  desirable. 

The  scheme  proposed l  consists  in  the  formation  by  natural  history  societies 
of  card  or  slip  catalogues  of  species  on  a  similar  plan  to  the  library  catalogues 
first  devised  in  the  United  States.  To  facilitate  reference  each  card  would  bo 
filled  in  on  a  uniform  plan  with  the  name  of  genus  and  species  say  at  the  top 
left-hand  corner,  and  columns  or  spaces  for  locality,  date  of  capture,  recorder, 
means  used  to  identify  the  specimens,  remarks,  in  fact  any  data  considered  desir- 
able. The  number  of  cards  or  slips  assigned  to  each  species  need  not  be  limited, 
but  would  depend  on  the  number  of  localities  and  other  details  thought  necessary 
to  be  recorded.  The  slips  might  vary  in  colour  to  indicate  which  entries  are  taken 
from  literature  and  which  are  due  to  personal  observation,  to  denote  extinct  species 
or  those  of  economic  importance,  or  to  make  any  useful  distinction.  The  slips  would 
"be  arranged  on  files  on  a  definite  system  and  with  the  use  of  the  well-known 
devices  for  dividing  into  groups. 

An  extremely  desirable  feature  of  the  scheme  would  be  that  each  slip  should 
be  represented  and  the  species  authenticated  by  a  specimen  in  the  local  natural 
history  museum.  The  slip  could  easily  bear  a  reference  to  the  particular  specimen 
in  the  collection,  and  as  the  catalogue  became  filled  up  it  might  be  placed  in 
some  local  public  institution  where  it  could  at  any  time  be  utilised  by  natu- 
ralists. 

In  this  manner  all  the  information  collected  by  the  members  of  local  societies 
could  be  brought  together,  from  whatever  source  obtained ;  and  there  is  no  reason 
why  the  fauna  of  a  given  district  should  not  in  course  of  time  be  completed  in  the 
same  sense  as  the  British  flora  of  flowering  plants  lias  been  completed. 

The  district  need  not  necessarily  supply  the  specialists  for  all  the  groups  of 
animals.  Specialists  at  a  distance  would  in  many  cases  be  pleased  to  work  out 
collections  carefully  furnished  with  localities,  &c.,  and  thus  supply  the  data  for 
filling  up  slips. 

This  scheme  not  only  allows  of  the  widest  co-operation  by  bringing  to  a  focus 
both  the  results  o£  systematic  work  and  that  of  a  more  desultory  nature,  but  also 
favours  the  co-ordination  of  faunistic  observation,  since  overlapping  of  work 
would  at  once  become  apparent,  and  the  gaps  caused  by  neglect  of  certain  groups 
of  animals  would  declare  themselves,  and  thus  attention  and  interest  in  filling  up 
the  deficiencies  would  be  invited. 

Another  advantage  is  the  fact  that  the  scheme  can  be  started  at  any  time  by 
filling  up  any  number  of  slips,  however  small,  and  that  then  all  additions  whether 
made  singly  or  in  quantity  will  at  once  find  their  proper  places  and  by  accumula- 
tion eventually  bring  the  list  nearer  and  nearer  to  completion. 

The  present  time  is  ripe  for  the  commencement  of  this  work.  There  seems  to  be 
no  reason  why  it  should  be  deferred,  and  a  strong  argument  in  favour  of  the  asser- 
tion is  given  by  so  highly  competent  a  body  of  naturalists,  the  German  zoologists, 
having  committed  themselves,  and  no  doubt  wisely,  to  that  great  undertaking 
'DasTierreich.' 

It  is,  I  think,  desirable  to  consider  whether  some  body  of  English  naturalists 
with  the  necessary  authority,  say  the  Committee  of  the  Conference  of  Delegates  to 
the  British  Association,  should  not  see  to  it  that  the  local  Natural  History  Societies 
of  the  United  Kingdom  adopt  some  such  plan  of  record  upon  ouo  and  tht3  same 
system,  Such  a  body  of  naturalists  could  draw  up  the  most  generally  convenient 
and  useful  form  of  slip  and  impress  upon  the  Societies  the  value  of  cataloguing  by 
its  use  in  a  uniform  manner  the  fauna  of  the  whole  country.  Having  the  method 
provided  would  perhaps  encourage  some  societies  to  take  up  the  work. 

Political  divisions  and  areas  surrounding  large  towns  are  not  often  of  zoological 
value.  The  results  obtained  by  this  larger  scheme  would  eventually  have  to  be 
rearranged  according  to  the  natural  features  of  the  country.  By  making  the  slips 
all  uniform  the  final  rearrangement  would  be  enormously  facilitated,  if  not 
reduced  to  the  minimum  of  labour. 

1  First  suggested  by  myself  to  the  Cambridge  Entomological  and  Natural  History 
Society  in  a  paper  read  on  April  26,  1901. 


TRANSACTIONS  OF  SECTION  D.  685 

In  concluding,  I  must  acknowledge  the  assistance  I  have  obtained  by  dis- 
cussing the  local  scheme  with  the  members  of  the  executive  committee  of  the 
P  v  Is-*  1 .  Entomological  and  Natural  History  Society,  which  intends  commencing 
i  .v  •  :'  Cambridgeshire  on  the  lines  suggested. 

3.  Some  Notes  on  the  Behaviour  of  young  Gulls  artificially  and  naturally 
hatched.— See  Reports,  p.  378. 


4.  The  Theory  of  '  Germinal  Selection J  in  Relation  to  the  Farts 
of  Inheritance.1     J>y  Professor  J.  ARTHUR  THOMSON,  M.A. 

The  aim  of  this  communication  wos  to  test  AYeismann'a  theory  of  germinal 
selection  by  using  it  as  an  interpretation  of  some  important  facts  of  inheritance. 
The  author  gave  a  brief  abstract  of  the  theory.  Jt  is  an  extension  in  the  applica- 
bility of  the  general  idea  of  natural  selection.  To  '  superorganic  '  selection, 
ordinary  'individual'  or  'personal*  selection,  lloux's  'histonal'  or  intra- 
organismal  selection,  "\Veismann  has  added  the  idea  of  a  struggle  among  the 
determinants  within  the  germ — germinal  selection. 

The  author  indicated  the  importance  of  a  form  of  struggle  between  lloux's 
histonal  selection  and  Weismann's  germinal  selection,  namely,  the  struggle  between 
gametes  or  potential  gametes,  <•.</.,  between  young  ova,  "between  sperms,  even 
between  ova  and  sperms.  A  vivid  realisation  of  this  visible  struggle,  and  the 
sometimes  discriminate  selection  which  it  implies,  may  lead  naturally  to  an 
appreciation  of  germinal  selection  which  deals  with  the  wholly  invisible. 

The  following  extension  of  Weismann's  idea  of  germinal  selection  was  pro- 
posed as  logical  and  necessary : — Just  as  there  are  three  types  of  individual 
struggle,  (1)  between  kindred  organisms,  (2)  between  organisms  iiot  akin,  and 
(3)  between  organisms  and  the  so-called  inanimate  environment ;  80  there  may  be 
(1)  struggle  between  determinants  of  the  same  character,  (2)  struggle  between 
different  kinds  of  determinants  (Weismaim),  and  (.'3)  struggle  between  all  or  any 
of  the  determinants  and  the  somatic  or  more  external  environment. 

After  stating  the  advantages  of  Weismann's  theory  and  possible  objections, 
the  author  proceeded  to  test  it  in  relation  to  various  facts  of  inheritance: — 
(1)  The  frequently  anomalous  and  unpredictable  nature  of  the  results  of  a  pairing 
even  when  the  pedigrees  are.  well  known ;  ('2)  the  phenomena  of  preponderant 
and  exclusive  inheritance  ;  (3)  some  of  the  results  of  the  '  IVnycuik  experiments* 
on  the  importance  of  the  relative  ripeness  of  the  gametes;  (4)  some  well- 
established  cases  of  true  reversion  ;  (5)  the  supposed  greater  stability  and  domi- 
nance, of  the  yhylogenetically  older  characters ;  (0)  inbreeding ;  ^7)  different 
modes  of  variation,  including  be  Vries'  mutation  ;  and  (8)  the  indirect  effect  which 
exogenous  changes  may  have  on  the  germ  plasm. 

The  author's  conclusion  was  that  Weismann's  theory  of  'germinal  selection' 
justifies  itself  provisionally  us  a  formula  unifying  a  large  number  of  otherwise 
unrelated  facts  of  inheritance. 

5.  T/ie  Heterotypical  Division  in  the  Maturation  Phases  of  the  Sexual 
Cells,    tty  THOMAS  It.  BRYCK,  Jf.A.9  M.D.  * 

Of  the  features  of  Ileterotypical  Mitosis  the  one  generally  selected  as  distinc- 
tive is  the  ring  form  of  the  chromosomes,  each  ring  being  considered  to  arise  from 
the  incomplete  separation  of  the  two  products  of  the  longitudinal  cleavage  of  a 
primary  chronmtin  rod.  The  manner  in  which  these  ring  chromosomes  are 
resolved  has  been  variously  interpreted.  For  the  purposes  of  this  note  it  will 
suffice  that  three  interpretations  be  summarised,  thus  :— 

1  The  paper  will  be  included  in  the  author's  work  on  Heredity  (John  Murray, 
1902). 


686  BEPOBT—  1901. 

1st.  The  rings  are  drawn  out  on  the  spindle,  and  break  into  V-shap^d  daughter 
chromosomes. 

In  the  anaphase  in  some  cases  each  daughter  V  is  found  again  divided  into 
two  VX  and  the  secondary  cleavage  is  held  to  be  longitudinal.  In  other  cases 
the  V's  break  at  their  apices  into  double  rods  by  a  cleavage  held  to  be  transverse. 
No  solution  of  this  contradiction  is  found  along  this  line. 

i2nd.  The  rings  are  doubled  up  on  themselves  and  are  rosolved  by  being- 
reopened  along  the  piano  of  the  bend.  There  is  a  second  longitudinal  cleavage 
seen,  but  it  is  only  apparent.  Variation  in  the  form  of  the  chromosomes  is 
explained  by  variation  in  the  degree  of  the  cleavage,  by  variation  in  the  insertion 
of  tho  traction  fibres,  and  by  different  degrees  of  bending  of  the  rings  (Farmer  and 
Moore). 

3rd.  There  is  a  real  second  longitudinal  cleavage  which  appears  in  the 
metaphase,  and  is  completed  in  the  anaphase  of  the  first  Mitosis.  Thus  daughter 
and  jL'iiiiHldauiihiGr  chromosomes  are  formed  in  the  course  of  the  first  Mitosis,  the 
second  Mitosis  merely  distributing  tho  granddaughter  chromosomes  (Givgoire, 


This  view  of  the  heterotype  serves  in  Strfl^lmrjrer's  latest  work  to  explain  all 
the  phenomena  in  plants  —  differences  arising  only  from  the  manner  in  which  the 
double  rod  prophase  figures  are  placed  on  the  spindle.  In  the  animal  series  only 
Carney  and  Le  Brim  and  Janssens  adopt  the  idea  of  the  simultaneous  double 
longitudinal  cleavage  in  Triton. 

"When  true  tetrads  occur  the  first  Mitosis  is  not  strictly  heterotypical  in 
character.  In  recent  studies  of  the  phases  in  Echinus  T  have  found  typical 
tetradal  bodies,  never  rings,  yet  the  iirst  Mitosis  is  heterotypical  in  character,  and 
ray  results  show  that  part  at  least  of  the  problem  of  reduction  lies  wof  ,  as  has  been 
held,  in  the  determination  of  the  origin,  but  rather  in  the  fate  of  the  tetrads. 

Thus  in  Echinus  isculontus  there  are  sixteen  tetrads,  each  consisting  of  a  pair  of 
slightly  curved  bilobed  rods  hing  back  to  back.  The  tetrads  come  to  lie  radially 
on  the  first  polar  spindle.  Each  is  opened  out  like  a  hinge  from  within  outwards, 
while  at  the  sarhe  time  a  second  longitudinal  cleavage  is  taking  place  from  without 
inwards.  Lozenge-shaped  figures  are  produced  :  these*  elongate  greatly  and 
ultimately  break  at  the  equator  into  two  VX  which  again  in  the  anaphase  break 
at  their  apex  to  form  two  short  bilobed  rods  lying  back  to  back.  This  apical 
splitting  is  the  completion  of  the  second  longitudinal  splitting.  These  bilobed 
rods  p;u»s  unchanged  into  the  second  Mitosis,  arrange  themselves  radially  on  this 
spindle,  are  opened  out  and  separated  from  one  another  as  the  granddaughter 
chromosomes,  formed  in  the  anaphase  of  the  Jst  Mitosis  by  the  second  longitudinal 
cleavage.  In  the  second  polar  body  each  remains  as  a  short  bilobed  rod,  but  in 
the  ovum  each  greatly  elongate*  into  a  sharply  bent  V.  This  change  in  the  size 
of  the  chromosomes  is  important  as  indicating  the  relaxation  from  the  very  con- 
densed condition  of  the  chromatiu  rods  characteristic  of  the  divisions  with  the 
reduced  number  of  chromosomes. 

Applying  the  hypothesis  of  '  Pseudo-reduction'  (Hacker  and  lluckert)  to  the 
facts  observed  each  half  of  the  tetrad  might  bo  considered  to  represent  two 
chromosomes  united  end  to  end  by  the,  omission  of  the  last  segmentation  of  the 
chromatin  thread.  Through  all  the  phases  the  fate  of  each  lobo  or  sphere  of  the 
tetradal  body  can  be  traced.  The  facts  can  be  expressed  in  the  usual  formula, 
thus,  for  each  of  the  sixteen  tetrads:  — 


b  b  b  b  b              b  b 

/  I  A  A  All 

a  a              a  a  a  a  a  a  a  a             a  a 

I    i      (-0     a       (3)  u  (1)     ;u\  (fl)     11  a  (<J)     mi     (7)      a  a 

M.               \  I  V  V  V               II 

u  b  b  b  b              b  b 
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2/ul  Mitosis. 


2nd  polar 

b  b  V     i   )       b°d> 

a  a  /  a  a 

(0      I    I          (2)    !          («)     a         (4)     b  tf, 

b  b  v  |  | 

xb  b  a  / — -\ 

a/  \b    ovum 

Thus  reduction  would  be  only  apparent  throughout. 

J  have  been  unable  to  determine  whether  thp  tetrads  arise-  by  the  omission  of 
the  last  stage  of  the  segmentation  of  the  chromatin  thread  or  by  conjugation,  but 
as  each  element  is  twice  longitudinally  divided  in  the  heterotypicul  division,  the 
chromatin  is  equally  distributed  between  the  ovum  and  the  polar  bodies,  and  there 
is  no  question  of  a  reducing  division  or  of  unequal  distribution  of '  qualities.' 

Whether  the  idea  of  'pseudo-reduction'  as  represented  above  be  accepted 
or  not,  the  essential  feature  is  a.  reduction  in  bulk  merely.  The  chromatin  sub- 
stance i<,  in  Kchinus  e-euleutus,  packed  in  the  maturation  phase*  into  sixteen 
instead  of  (hirtv-two  chromosomes.  In  view  of  the  fact  -whether  the  hypothesis 
of  the  '  fndmclimlily  of  the  Chromosomes '  he  accepted  or  not — that  the  name 
number  of  chromosomes  alwaxs  emerge  from  a  dividing  nucleus  as  entered  it, 
this  reduction  in  hulk  of  the  chromatin  may  verx  v\ell  he  a  wttitit/ary  character 
acquired  to  maintain  the  number  of  chromosomes  constant  after  the  union  of  tlin 
nuclei  in  fertilisation. 

G.  Th''  Fiahm  nf  the  ('mttx  Arctic  Expedition.  lit/  \V.  S.  l>nrcK,  F.K.S.d'.S.i 
J/tjr  iot  /ffnetf  reh  Felli  itr  <if  E<Ji  iibn  ft  fit 


The  author  gave  nn  account  of  the  fishes  collected  b\  the  Touts  Arctic  Kxpe- 
dition  in  1SWS,  with  \\hich  he  sailed  a>  zoologist.  Mr.  Andr«i\\  Coat>,  of  PaisleN, 
resolved  to  undertake  a  \n\uge1nlhe  Arctic  ifgions  in  1SJW  in  his  yacht  'Ulen- 
catlira/  now  'l^andora.'  The  '  JUencnthra*  had  previously  been  u^cd  for  Arctio 
exploration  by  Sir  Allen  Young  and  Mr.  1'opham.  (h\  hoard  there  was  the 
e»ential  apparatus  of  an  expedition,  tilted  out  for  oceanographies  1  research,  \iz., 
Jjiicas  sounding  niaohuie,  thermometers,  wni  or-hol  t  les.  trawls,  traps  and  tow- 
nets.  On  the  return  of  the  expedition  31  r.  CoiiN  coutnhuted  a  considerable  sum, 
which  enabled  the  author  to  sort  and  classify  the  collection  preparatory  to  u 
detailed  examination,  which  he  has  since  U»en  making  by  the  help  of  the 
(  leorge  lleriol  Research  Fellowshi]),  Kdinhtmrh  I'niversitN.  So  far  the  careful 
examination  of  th<»  tishes  constitutes  the  greater  part  of  the  work.  There,  are 
fully  400  fishes  in  the  collection,  about  sixty  of  Avhieh  are  adult  specimens 
belonging  to  eleven  species.  The  author  ga\e  an  account  of  the.se  species,  which 
he  has  examined  in  great,  detail.  The  collection  is  the  iirst  of  any  importance 
iu  the  JJarents  Sea,  and  is  ireful  in  bridging  over  the  gaps  in  the  series  obtained 
by  I'a>er  in  1H71,  and  the  author  in  lH<Jfi  l>7  in  Fran/  .losef  Land,  and  those  of 
die  more  recent  Russian  expeditions  in  1808,  18UO,  and  1000  of  the  Murman  coast 
of  Arctic  llussia. 


7.  Th*  Fauna  of  F  fan?  Joncf  Lan<L  /!y  WILLIAM  S.  BRFCF.  F.]S.f!.ft.Ft. 
Jffiriof  Hrwnrch  Fellow  of  Edinburgh 


The  author  gave  a  preliminary  account  of  the  collections  of  the  .Tackson-IIarms- 
worth  Polar  Kxpeditiou  to  Fran/  Josef  J^niul  in  180()  07,  Avht'ii  he  accompanied 
that  expedition  as  zoologist  .  The  author  was  able  to  secure  over  600  species  of 
animals,  by  far  the  largest,  ever  obtained  by  HUN  previous  polar  expedition,  and 
added  about  fiOO  species  to  the  pre\  iously  kiiovt  n*  fauna  of  Fran/  Josef  Land,  He 
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made  most  of  the  collections  in  shallow  water,  near  the  shore,  at  Cape  Flora ;  but 
also  in  deep  water,  as,  for  instance,  in  the  farthest  north  station,  in  81°  N.,  where 
he  dredged  in  250  fathoms.  Marine  invertebrates  form  by  far  the  greatest  part  of 
the  collections.  Three  new  mammals  were  recorded,  viz.,  the  Fin-back  Whale, 
Narwhal,  and  Floe  Rat  (the  smallest  known  seal).  Also  five  i^y  birds,  viz., 
the  Lapland  Bunting,  Shore  Lark,  Turnstone,  Bonaparte's  Sandpiper,  Purple 
Sandpiper.  Among  invertebrates  the  crustacean  collection  is  the  most  remarkable, 
173  species  being  obtained.  This  remarkable  number  is  greater  than  all  the 
previously  known  species  of  animals  of  Franz  Josef  Land.  Of  those  the  author 
pointed  out  that  there  wore  ten  species  new  to  science,  and  that  the  striking 
feature  was  the  recurrence  in  the  high  north  latitude  of  species  which  inhabit 
British  shores.  Other  classes  of  animals  were  also  richly  represented  in  the 
collection. 

8.  On  ihe  Mechanism  ofthr  Frog's  Tongue. 
By  Prof.  MARCUS  HAKTOU  and  NKVIL  MASKELYNE. 


SATURDAY,   SEPTEMBERS. 

The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  1C. 
Tho  following  Papers  were  rend : — 

1.  Dimorphism  in  Foramitiifira.    By  J.  J.  LISTER, 

2.  The  Relation  of  Binary  Fission  and  Conjugation  to  Variation. 
TtyJ.  Y.  SIMPSON,  J).Xc. 

It  is  a  1 n'.jr-j-'.ii;  VII..T  generalisation  that  binary  fission  is  mere  duplication ;  that 
the  products  of  the  process  are  exactly  alike.  The  use  of  this  generalisation  in 
theory  is  obvious.  In  binary  fission  wo  do  not  look  for  variation  ;  accordingly  wo 
are  left  with  an  excellent  rationale  of  conjugation,  and  so,  finally,  of  sexual  repro- 
duction, viz.,  a  means  to  produce  variation  in  the  interests  of  evolution. 

A  possible  objection  to  the  belief  that  binary  fission  is  duplication  may  be. 
raised  on  a  priori  grounds.  Conjugation  would  still  appear  to  bo  unconfirmed  in 
tho  case  of  the  Amojboidea.  It,  th»'ii,  there  was  no  variation  through  binary 
fission,  there  could  not  have  been  evolution. 

The  contention  is  not  that  there  is  always  variation  in  binary  fission,  which  is 
probable,  but  perhaps  impossible  to  prove.  Where,  it  was  not  quantitative,  it 
might  yet  be  qualitative.  In  many  cases  quantitative  variation  cannot  be  esta- 
blished under  a  leas  magnification  than  (irJ.j. 

Tho  species  specially  examined  in  this  connection  were  Paramecium  caiidatnm 
and  Stylonichia  pustulata.  Tho  points  to  which  hitherto  examination  has  been 
restricted  are :  (a)  the  general  outline ;  (/>)  the  total  length ;  (c)  tho  extremest 
breadth ;  (rf)  thy  distance  between  the  two  contractile  vacuoles  (Parameciuin) ; 
(?)  the  length  of  the  middle  caudal  bristln  (Stylonichia). 

In  all  these  five  points  1  found  variation  ranging  in  (/>)  from  1  to  20/i,  in  (r) 
from  1  to  20/m,  in  (d)  from  1  to  !20/x,  for  Parnmecium ;  and  for  Stylonichia  in  (b) 
from  1  to  GO/i,  in  (c)  from  1  to  20/ut,  and  in  (?)  from  1  to  10ft.  The  variation  in 
(a)  for  either  form  is  demonstrated  by  microphotographs.  The  general  corre- 
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spondence  in  the  figures  is  due  to  extreme  cases.    The  following  are  the  statistic* 
relating  to  the  points  by  c,  d  in  p.  for  ten  pair  of  Paramecium  : — 


i 

'        1 

c 

d 

,  First  pair  . 

.  1         105 

..IPO         ! 

45...  10          1 

100...  95 

i  Second  pair 

ISO 

,.1!M>         ! 

(10...5,- 

105..  .100 

Third  pair 

200 

..19:! 

15..  .50 

110..  .110 

Fourth  pair 

110 

..150 

JO...  -15 

80..  ,R5 

Fif  tli  pair. 

ISO 

..r.io 

53...  55 

105.  ..110 

Sixth  pair  . 

2M 

...220         , 

GO...  50 

110..  .105 

Seventh  pair 

2GO 

...2-10 

K5...90 

i2-»...nr> 

Eighth  pair 

2SO 

...200         I 

SO...  (15 

145.  ..12J 

;  Ninth  pair 

.  j         260 

...240         ; 

HO...  70 

115..  .105 

Tenth  pair 

.  i         250 

...230         i 

75.  ..95 

120..  .110 

The  following  statistic?,  also  in  p,  relate  to  the  pointa  6,  c,  d  for  five  pair  of 
Stylonichia  pustulata : — 


d 

>  Fh>t  pair  .  .  .  .  210. ..230  J20...110  35... 30 

i  Second  pair  .  .  .  210.. .180  110.. .00  40.. .30 

.Third  pair  .  .  .  230  ..240  ]!<».. .100  40.. .40 

'Fourth  pair  .  .  .  230.. .245  115.. .110  S5...40 

•  Fifth  pair  .  .  .  2P.0...220                   M  ..110  35...30 


Tho  measurements  arc  fur  fiill-frro\\n  forms. Init  tlio  :  \  :•  j-1-,  '  .  :'  -  of  Para- 
Tnechim  show  variHt urn  at  different  s-ta^es  of  development.  Jhe  variation  was 
traced  into  th»>  succcudinir  pMR-ration. 

From  tin*  fact  that  thvre  is  variation  in  Ijinary  ils>iou  we  jrrt  iuWiti«»nal  nva>or, 
for  holding  with  Kiifr^lmann,  Maupas.  ami  Uut<chli,  as  against  Gruber.  that  thu 
yojfctative  ]ihaMi  of  tin1  life  of  tlio  ciliata  is  pvimarv,  and  we  arc  cnabk-d  to  set* 
in  conjugation  Minply  a  de\ico  whereby  iho  waste  involved  in  that  process  can 
be  refunded. 

3.  On  (i  new  Form  of  Luminous  On/an.     J>y  \V.  K.  HOYLK,  J/.J* 


t.  Notes  on  Some  JJorneau  Insect*.     Jly  \l.  SUELFOIID,  31. A. 

i/crrt. — Two  species  of  aquatic  cockroaches— Jl/rihtnipra  pp.  and  rt 
l*an,e>tlnid — were  found  at  the  ba>e  of  a  waterfall  on  Mount  Matang,  Sarawak. 
All  tho  speeimons  were  immature,  but  adult  forms  have  been  discovered  by  3Ir. 
Annandnlu  in  tho  Malay  Peninsula  ;  the  females  are  apterous.  These  cockroaches 
Awitn  and  dive  well,  but  are  soon  drowned  if  prevented  from  risinir  to  the  surface 
to  breathe,  ajrreeinp:  in  this  characteristic  with  most  adult  aquatic  insects.  When 
at  rest  the  l>ody  of  tho  cockroach  is  almost  entirely  submerged,  the  tip  of  the 
abdomen  alone" projecting  above  the  surface  of  the  water;  the  abdomen  moves 
gently  up  and  down,  and  every  30-40  seconds  a  bubble  of  air  issues  from,  the 
prothoracic  spiracle  on  each  side.  Apparently  the  terminal  spiracles  are  purely 
inspiratory  in  function  and  the  prothnracic  expiratory. 

The  eggs  of  the  stick-insects  of  the  genera  Necnw'rt,  Marnwsoidea,  and  Agon- 
dasoidea  are  not  seed-like  us  aro  the  epgs  of  other  genera ;  twenty  or  thirty  only 
nre  laid,  and  those  aro  stuck  in  close-set  rows  on  the  leaves  of  the  food-plant, 
not  dropped  promiscuously  on  tho  ground.  The  egrgs  are  lonjr  and  somewhat 
flattened  ovals,  white  or  cream-coloured,  with  a  delicate  network  of  black  pigment 
over  the  upper  surface;  there  is  no  capital  urn,  The  young  batch  out  in  10-14 
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days,  aud  the  empty  egg-shell  is  left  adhering  to  the  leaf  to  which  it  was  originally 
fastened. 

It  is  note  wort  liy  that  Phasmidte,  notwithstanding1  their  wonderful  protective 
resemblance  to  sticks  aud  leaves,  are  tho  staple  form  of  diet  of  Trogons. 

Newoptera. — A  remarkable  Agrionid  nymph,  apparently  allied  to  Euphcea, 
occurred  with  the  aquatic  cockroaches.  The  last  segment  bears  three  pear-shaped 
processes,  aud  a  pair  of  Irucheai  I  lifts  protruded  from  and  withdrew  into  the  cloacal 
opening  in  a  rapid  systole  and  diastole  ;  the  tufts  open  to  the  exterior  on  each  side  of 
the  anus,  and  eacli  arises  from  the  seven  or  eight  branches,  into  which  tho  two  dorsal 
tracheal  trunks  break  up  on  either  side  of  the  rectum  :  they  are  not  connected  in 
any  way  with  the  rectum.  Tho  pear-shaped  processes  are  hollow,  and  their  cavities 
communicate  by  the  narrow  lumina  of  their  stalks  with  the  general  body  cavity: 
they  are  lined  with  epithelium  and  contain  blood,  but  arc  not  supplied  with 
tracheae.  It  is  possible  that  these  structures  are  highly  modified  caudal  gills, 
which  now  function  as  blood  reservoirs,  the  ilow  of  bloodi  to  and  from  which  may 
assist  in  the  diastole  and  systole  of  the  trachea!  tufts. 

Jlf/Mt'iuqrffra. — Tho  habits  of  the  bees  of  tho  genus  Koptonthosoma  were  in- 
vestigated, in  tho  females  of  these  bees  there  is  a  chamber  at  the  base  of  the 
abdomen  containing  numerous  Acari ;  experiments  with  and  dissections  of  tho 
nymphs  showed  that  the  Acari  do  not  enter  this  special  abdominal  chamber  until 
the  linal  stage  in  the  development  of  the  bee  is  reached.  The  nests  of  these  bees 
and  albo  those  of  tho  genus  Xyhcopa,  which  are  hollowed  out  in  softwood  posts 
and  dead  saplings,  simply  swarm  with  Acuri. 

Coleoptera. — The  remarkable  Mormolyce  p/n/llot/es  excavates  in  Polypori  fungi 
a  large  lenticular  chamber,  entered  by  a  narrow  slit  between  tho  fungus  and  the 
bark  of  the  tree  to  which  the  fungus  is  attached;  the,  chamber  usually  contains  a 
few  larvro  in  various  stages  of  development.  Tho  larvre  present  no  features  calling 
for  special  remark,  being  typically  Carabid  in  appearance;  the  mmph  i*  proxided 
with  the  foliaceous  expansions  characteristic  of  the  adult.  A  ni.ilu  and  finale 
Morinolyce  are  invariably  found  in  clove  propinquity  to  tho  nest,  keeping  a  close 
guard  over  it.  %» 

The  metamorphoses  of  two  Lycid  beetles—  Ijt/rniffnui/*  wclttnurus  and 
Cfdwhmnw*  inchUM/nta — were  iu\ estimated.  The  lar\;u  of  both  .-peeu'«  are  found 
beneath  the  bark  of  true,*,  and  they  feed  on  the  lar\:e  of  other  insects  which 
frequent  the  same  situations.  They  aie  conspicuously  coloured  with  black  and 
orange,  and  experiment**  hu^e  bhoun  that-  they  are  MS  distasteful  to  insectivorous 
vertebrates  as  th"  adult  form*.  The  full-^ro\Mi  lar\a  of  /,.  me/ftnttrHs  measures 
^millimetres.  Tho  head  is  minute  and  can  be  completely  withdrawn  into  the 
iirst  thoracic  segment :  it  is  incomplete  behind,  ami  does  nut  unclose  the  brain  ; 
tho  iintenme  an;  t\\o-jniiiti-d  aud  retractile  inln  a  hhe.it h  ;  a  simple  ooellus  us 
situated  ut  the  ba.^e.  The-  suctorial  mandibles  art-  sicJ\Ie-sh:incd  and  enclosed  in  a 
thin  chitinous  sheath;  the  maxilla;  consist  each  of  a  single  four-jointed  palp;  the 
labiurn  is  a  triangular  plate  -with  two  three-jointed  palps.  The  body  is  somewhat 
flattened  dorso-ventrally,  each  segment  except  the,  last  bears  a  spiracle;  the  last 
segment  bears  a  ventral  sucker  formed  by  llus  e\  ortwd  lips  of  tho  rect  inn.  A  simple 
hook  represents  the  tarsus.  The  larva  of  1  falwhrumut  inrlftnurii*  agrees  in  many 
points  with  the  above  description  ;  tho  ^  segments  of  the  body  bear  short  lateral 
processes  with  a  spiracle  at  the  base  of  each :  these  processes  are  r.ot  jointed  as  in 
the  Malacodermatous  larva  from  New  JJritain,  iigured  aud  described  by  Dr.  Sharp 
('Zool,  Ilesults  Willey  Kxpwt. :  Insects'). 

Some  other  Malticodoriii  larvte  of  considerable  si/o  (oQ-SO  mm.)  were 
frequently  met  with,  but  their  life-histories  woro  not  traced;  in  fact  these  larva* 
have  long  been  a  complete  puzzle  to  ontfiinologisUi,  since  no  adultn  of  correspond- 
ing sizes  are  known.  The  external  featuiva  of  one  form  have  recently  been 
described  by  Bourgeois  ('  Bull.  Soc.  Knt.  France,'  J«!K),  pp.  CS-(>o)  ;  the  head  is 
extremely  like  that  of  the  Lycid  larvae  noted  above,  and  in  other  points  of  its 
anatomy  it  agrees  with  those  forms ;  the  cuticle  is  remarkable,  being  composed  of 
columnar  cells  with  small  nuclei ,  the  inner  and  outer  ends  of  these  cells  are 
covered  with  a  thin  bheuthiug  of  chitin.  In  another  form,  with  a  pair  of  phos- 
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phorescent  organs  in  the  penultimate  segment  of  the  abdomen,  the  cuticle  is 
glandular. 

Lepidoptern.  —  An  interesting  example  of  protective  resemblance  was  furnished 
by  a  small  Geometer  larva  which  was  found  feeding  on  the  budding  inflorescence 
of  a  spinca-like  plant.  The  larva  was  pale  green  in  colour  and  provided  with 
pairs  of  spine-lite  processes  on  the  fourth  to  the  eighth  and  on  the  eleventh 
segment  ;  to  each  of  thews  spines  was  attached  by  a  delicate  secretion  of  glutinous 
silk  a  .string  of  buds  of  the  inflorescence  on  which  tho  larvjo  fe,d.  As  these  buds 
withered  and  turned  brown  they  were  cast  oil'  and  renewed  by  fresh  green  ones. 
The  larva  did  not  move  about  much,  but  even  when  it  did  it  was  well-nigh 
indistinguishable  from  its  food-plant.  The  pupa,  which  was  enclosed  in  a  silken 
cocoon  covered  with  groen  buds,  was  unfortunately  destroyed  by  ants,  and  no 
other  specimen  was  obtained. 

flip  fern.  —  Some  larvfo  closely  resembling  Fermilm  were  discovered  on  Mount 
1  Vnrissen,  Sarawak,  at  a  considerable  altitude.  The  larva)  formed  pitfalls  in  sand, 
alter  the  manner  of  ant-lions.  Their  habits  have  been  described  elsewhere. 

A  larva,  apparently  allied  to  Aficrodon,  was  found  in  some  numbers  under  the 
sheathing  leaves  of  a  Caryota  palm  :  it  was  remarkably  slug-liko  in  appearance, 
showing  no  signs  of  segmentation.  The  upper  surface  of  the  body  was  highly 
convex,  and  from  the  posterior  end  protruded  a  short  median  tube  at  the  base  of 
which  was  situated  a  spiracle  ;  the  ventral  surface  was  flat  and  transversely  wrinkled  ; 
there  were  no  legs  or  pseudopods;  the  chitinous  head  was  completely  retractile. 
At  the  time  of  pupation  the  larval  skin  became  strongly  chitinised,  forming  a 
puparium  inside  which  the  further  transformation  took  place. 

All  the  aquatic  dipterous  larva)  obtained  were  closely  allied  to,  if  not 
identical  with,  such  well-known  European  form-  n*  Curetftrftj  CAirontiiHtt*, 
7V<H//yw,v,  Eri*1ali*,  Sf  rat  haw/*,  &c.' 

5.  Z,-hwx  <f,id  JSebrti  Hybrid*.     tt*i  Prof.  J.  CUSMII  KWARI,  M.D.,  /'.A'.X. 

G.   On  Kdimoneina  gniyi,  f  ?nrt/f  Ht'maftnli'J'rinii  Iff  /'fftcitrtrt'l  Ci'rify 
of  the  ticii-iin'hin.     J>y  JAAIES  F.  ('KMMILL,  J/.J.,  M.D. 


The-  aiitlior  exhibited  some  specimen^  of  a  lar«»e  nematode  from  ihe  peri 
ca\it\  «»f  tin*  M'ti-urcliui  and  iraM1  an  arcouut  of  tlit-ir  <H  ••urri'iicf  and  Hiiatoiuv. 

FrHiult"*.  -  IJody  elon<iuti'd,  (KK)  l.oOO  mm.  in  l»'ii^th;  L*  4  nun.  in  breadth; 
vhileor  .-euiilraiifrpiin-nl,  lapi-iing  at  b»'lh  ends,  the  ]>i»>ti-rior  t-jid  b"ing  >h«rhtlv 
bluiiN'r  and  t-uncd  in  a  Iialf-ciivle.  A  delicate  culicular  hook  at  both  riuic*. 
Mouth  and  anus  entirely  uliteiit  ;  the  whole  body  co\cn>d  bv  a  delicate  cuticle, 
jind  tlm  body  \\  ;ill  thumn  into  a  genes  of  .shallow  transver>e  JohK  alonir  either 
side. 

llypodennis,  a  single  layer  of  nucleated  cell-  :  inux-ular  ,sv^t«-ni.  a  Dingle  layer 
of  cells  beneath  h>p«»dermis,  arrangetl  in  Mum-wluil  irregular  longitudinal  rows 
nloug  the  ventral  third  of  the  body  wall,  mid  arranged  les>  markedly  in  traiiMerse 
r«>\\>  on  the  dorsal  two-thirds  of  the  body  wall.  Excretory  system  of  canals 
absent.  Nervous  system,  a  thickening  of  the  hypodormis  at  'head  end,  not  con- 
tinued backwards  into  longitudinal  cords.  Alimentary  canal  apparently  a  muss 
of  spongy  reticular  tissue,  with  nuclei  and  protoplasmic  masses  at  intervals, 
with  an  inegular  lumen  ending  blindly  at  either  extremity.  Ovary  single, 
gieutl-  -l-«i.  ...'•  d  :  development  internal,  with  total  unequal  segnunt  ut  ion,  followed 
by  a  i.ii  ill1'.!1'!  i  -r»n  of  gastrulation. 

Mr/Irs.-  -  Much  smaller,  60-  1*00  mm.  in  length,  with  tail  coiled  characteristically 
in  u  .spiral,  with  two  equal  spicules  close  to  posterior  extremity. 

This  nomatode  seems  to  have  hitherto  escaped  notice,  except  for  a  mention 
by  A.  E.  Shipley,-  whose  specimen  did  not-  allow  him  to  investigate  its  structure. 

1  Some  of  the  above  noted  insects  will  later  foiin  the  subject  of  special  memoiis. 
/.iS.,  JPOO,  p.  281, 
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The  author  means  to  publish  a  fuller  account  of  the  worm  elsewhere,  and  proposes 
to  name  it  Echinoncma  yrayi. 


7.  Exhibition  of  Abnormal  Specimens  of  Nephvops.    By  F.  II.  MARSHALL. 


8.  Exhibition  of  Microscopic  Preparations  of  Mammalian  Hairs. 
By  JT.  H,  MARSHALL. 


TUESDAY,  SEPTEMBER  17. 
The  following  Papers  were  read  :— 

1.  The  Fauna  of  an  Atoll.     By  C.  FORSTEII  COOPEU. 

Tho  ibland  of  Ilolulo  is  a  large  wooded  sand  Lank  placed  at  the  southern  end 
of  the  eab tern  reef  of  Male  atoll;  it  is  in  no  place  raised  more  than  three  feet 
above  high-tide  marks.  It  shows  signs  of  having:  onco  been  much  larger,  and  of 
having  formerly  included  the  small  ibland  of  Gadu,  now  some  way  to  the  south. 
The  reefs  on  the  two  sides  of  the,  ibland  differ  from  one  another  in  some  respects. 
The  eastern  and  seaward  reef  is  much  broader  than  the  western  or  lagoon  reef,  and 
is  divided  up  into  three  zone*,  the  reef  Hat,  boulder  zone,  and  boat  channel,  the 
latter  being  again  subdivided  into  throe  zones  by  the  nature  of  its  inhabitants. 

On  tho  western  sido  the  boat  channel  ia  narrower,  and  c-orre.sponds  to  tho 
middle  zone  of  tho  boat  channel  ou  the  east  side  ;  the  reef  on  this  hide  is  more  rich 
than  the  other.  '*It  was  found  generally  that  species  were  often  routined  to  some 
particular  zone;  that  where  free,  sand  was  much  washed  about  by  the  action  of 
water  animals  could  not  and  did  not  Uourish.  Tlw  absence  of  all  .seaweeds  was 
also  noticeable. 

In  the  lagoon  the  bottom  was  found  to  consist  either  of  sand  or  mud,  the  mud 
usually  being  deposited  in  the  centre  of  tho  lagoon,  where  the  currents  IrM  their 
orce. 

lieef-building  corals  were  never  found  on  the  bottom  of  the  lagoon,  but  only  on 
the  slopes  of  reels. 

The  reefs  were  certainly  not  extending  inwards  towards  the  lugoon,  but  may 
perhaps  be  extending  seawards  to  some  small  degree. 


2.  The  Land  Crustaceans  of  a  Coral  hltimL    JlyL.  A.  BORKADAILK,  J/.^i,, 
Lecturer  in  Natural  Sciences  at  Selwyn  College,  Cambridge. 

The,  island  in  which  tho  species  and  their  habits  were  observed  was  the  atoll 
of  Minikoi  in  the  Indian  Ocean. 

The  following  species  of  Crustaceans  are  found  on  land  in  Minikoi : — 

Crabs:— 1.  Orypode  ceratophtJialma ,  greyish-green  in  colour,  and  frequenting 
the  lagoon  shore,  where  it  lives  in  spiral  burrows  below  extreme  high-water  mark. 

2.  Ocypode  cordimana,  chocolate-brown  in  colour,  and  living  in  horizontal 
burrows  on  land  above  extreme  high-water  mark. 

3.  Gto^rapsus  grayi,  black  and  white  in  colour,  running  about  actively  in  open 
spaces. 

4.  Geograp$u&  crinipcs,  orange-yellow  in  colour,  and  living  near  freshwater 
tanks  and  pools. 

6.  Geograpsus  longitarsis  var.  minikoiemis,  and  6,  Mctamarma  rousseauxi, 
dull  greenish  in  colour,  living  under  timber,  stones,  £c. 
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Hermit  Crabs  (Soldier  C    f>s).  —  A/.   Oanobita  rugosiu^g&y  or  Hla6  in  colour, 
of  small  size,  and  numerous  alo.  •  the  shore.  « 

8.  Ccenobita  perlattti,  scarlet    nd  white  in  colour,  of  middle  size,  and  also 
found  chiefly  near  the  shore. 

9.  Coenobite*  cli/pcatus,  purple  in  colour,  of  large  size,  and  found  in  the  jungle. 
Slaters  (Isolds)  :  —  10.  Cubans  murinus,  and  11,  Philosnia  sp.,  woodlice. 

1  2.  Liyia  wjtica,  lives  on  the  shore. 

Land  crustaceans,  which  are  the  dominant  group  in  a  coral  island,  are  of  im- 
portance in  the  economy  of  the  island  : 
i.  As  scavengers. 

ii.  In  the  destruction  and  disintegration  of  fruits. 
iii.  In  the  distribution  of  seeds. 

iv.  In  the  same  manner  as  earthworms  by  thoir  burrowing. 
\  .  As  enemies  of  various  animals.  v 

vi.  Occasionally  us  food  for  othei  animals.  • 

viS.  Possibly  in  the  fertilisation  of  flowers.  £ 

>  iii.  Probably  in  ninny  other  ways  a<?  "yet  unknown. 


3.  On  the  Anatomy  of  the  Larval 
lit/  J  ,  S.  BUDUKTT,  M.A.,  Trinity  Colkye,  Cambridge. 

The  material  for  ihis  paper  is  furnished  by  a  single  example  of  a  larval  Poly- 
pterus,  obtained  in  the  Gambia  in  1900. 

The  larva  measures  30  mm.  in  length,  and  is  in  the  condition  when  the 
cartilaginous  skeleton  has  reached  its  highest  development  and  ossification  is 
about  to  commence. 

The  structure  of  the  pectoral  fins  at  this  stage  affords  a  strong  argument  in 
favour  of  the  view  that  the  (  Vossopterygian  lin  is  derived  from  the  nniserial  type 
of  fin  and  not  from  the  biserial  archipterygiuui.  The  suspension  of  the  jaws  is 
in  a  primitively  hyostylic  condition,  while  the  hyomandibular  cartilage  carries  a 
segmented  rod  of  cartilage  forming  the  axis  of  the  root,  of  tho  external  gill. 

The  vertebral  cartilages  resemble  in  their  mode  of  formation  those  of 
Lepidoat  cans  and  Teleosteans  but,  in  addition  to  neural  and  haemal  cartilages  to 
each  segment,  there  are  distinct  lateral  cartilages.  The  haemal  cartilages  give 
rise  to  the  ventral  ribs,  which  are  thus  shown  to  be  homologous  with  the  ribs  of 
other  (lanoids  and  Teleosteans,  while  the  lateral  cartilages  give  rise  to  the  trans- 
verse processes  and  lateral  ribs,  which  are.  homologous  with  those  of  Elasrao- 
branchs,  Amphibians,  and  Amniotu. 

The  oviducts  are  formed  by  the  folding  off  of  a  portion  of  the  body  cavity 
into  which  open  a  number  of  nephrostomes,  and  are  thus  shown  to  be  of  'a  nature 
quite  different  from  true  M  iillerian  ducts;  there  is  some  evidence  that  the  corre- 
sponding duct  in  the  male  is  homologous  with  the  longitudinal  canal  of  the 
testicular  network  in  those  forms  which  have  vasa  efferent  ia  passing  to  the, 
kidneys,  while  the  vusa  efferent  ia  themselves  are  modified  nephrostomes.  The 
head  kidney  is  a  very  large  organ  lying  between  the  foremost  dorso-lateral  and 
ventro-lateral  muscles  far  from  the  middle  line  :  it  consists  of  the  much  coiled 
anterior  end  of  the  archinephric  duct,  and  ends  opposite  a  rather  small  glomus  lying 
close  to  the  aorta,  in  the  pronephric  chamber,  which  is  apparently  without  a 
funnel,  passing  to  the  general  body  cavity. 

Tho  structure  of  this  larva  confirms  the  belief  that  Polypterus  is  an  extremely 
generalised  creature  showing  affinities  with  three  great  divisions  of  Ichthyopsida, 
Teleostei,  Elasmobranchi,  and  Amphibia. 

4.  The  Origin  oftlw  Paired  Limb*  of  Vertebrates. 

Jiy  J.  GRAHAM  KKRR. 

The  author  gave  a  short  account  of  his  hypothesis  as  to  the  phylogenetic 
origin  of  the  paired  limbs  of  vertebrates,  He  passed  in  review  the  two  current 
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hypotheses — that  of  Gegenbaur  and  that  of  Ualfour,  Thacher,  and  Mivart.  Atten- 
tion was  drawn  to  the  complete  absence  of  intermediate  stages  between  gill  septum 
and  limb,  and  also  to  the  a  priori  improbability  of  a  gill  septum  such  as  we  know 
in  the  lower  fishes,  firmly  fixed  and  llush  with  the  surface,  developing  into  a 
motor  organ.  It  was  pointed  out,  however,  that  the  numerous  advocates  of  the 
Gegenbaur  viow  had  managed  to  accumulate  a  large  mass  of  evidence  bearing 
upon  one  particular  phase  of  the  question,  and  which  consisted  of  facts  pointing 
to  an  extensive  backward  migration  of  the  paired  limbs  having  taken  place  from 
somewhere  in  the  neighbourhood  of  the  branchial  region. 

The  lateral  fold  view  hud  at,  first  the  ,'.l\,i:i'.i..i"  of  resting  upon  a  more 
certain  foundation  of  anatomical  fact — upon  the  fact  discovered  by  Bal  four  that 
in  the  young  torpedo  the  two  limbs  are  for  a  time  connected  by  a  continuous 
ridge  of  epiblast  — that  in  this  form  the  paired  limbs  develop  in  precisely  the  way 
in  which  the  theory  supposes  them  to  ha\e  developed  during  phylogeii} .'  Modern 
research  has,  however,  shown  that  this  longitudinal  ridge  of  epiblast  does  not 
appear  at  all  in  the  less  specialised  Selachians;  even  in  Torpedo  the  ridge 
appears  secondarily,  and  its  appearance  at  all  is  probably  a  quite  secondary 
phenomenon  associated  with  the  secondary  extension  of  the  paired  fins  along  tho 
sides  of  the  body  in  the  adult.  Embryology  as  it  is  known  to-day  does  not, 
furnish  the  same  foundation  lor  such  a  theory  of  limb  formation  as  it  appeared  to 
do  at  an  earlier  period. 

The  anatomical  resemblances  between  paired  and  unpaired  iins  were  touched 
upon,  and  it  was  suggested  that  such  resemblances  are  probably  due  to  homoplas}. 

Attention  was  now  drawn  to  tho  fact  that  in  the  relations  to  one,  another  of 
muscles,  skeleton,  and  viscera  in  the  lower  vertebrates  t hero  was  expressed  an 
admirable  mechanical  arrangement  for  lateral  flexure  of  the  body.  Properly 
co-ordinated  lateral  ilexures  provided  a  powerful  means  of  locomotion  through 
fluid,  a  method  used  by  all  the  lower  vertebrates.  It  was  diilicult  to  believe  that 
either  a  fjill  septum  or  a  lateral  fold  could  aid  to  any  appreciable  extent  this 
primithe  method  of  swimming;  the  probability  was  that  in  its  incipient  stages  a 
limb  derived  in  -such  a  way  must  act  rather  as  a  hindrance. 

The  author  was  of  the  view  that  tho  paired  limbs  were  not-  at  first  swimming 
organs  at  all,  but  that  they  were  developed  in  correlation  with  moxement  about 
u.  solid  stratum.  With  a  solid  point  <£appm  even  a  very  small  movable  projection 
would  be  of  use  in  propelling  the  creature  forward.  The  question  was,  Mid  such 
projections  of  the  body  wall  exist  in  the*  lower  vertebrates  which  might  have  by 
evolution  become  developed  into  paired  limbs:'  He  considered  that,  the  most, 
primitive  groups  of  Gnuthostoinata  were  the  Selachians,  the  Crossoptcrygians,  the 
Pipnoans,  and  the  Urodelo  amphibians.  In  three  out  of  the  four  groups  there 
occurred  during  development  true  external  gills,  projections  of  mesoblast  covered 
with  epiblast  sticking  out  from  the  visceral  arches  (Maivlibulnr — 'Balancer* 
of  Urodeles;  Ilyoid — CYosHoptery^ians •  Branchial  Arches  I.  -III.-—Urodele8, 
jLepidorircn,  Protopterm ;  Branchial  Arch  IV. — Lfywlwirfn,  7Vr>/o/j//r;/x).  In 
tho  Selachians  their  absence  was  correlated  with  tho  presence  of  the  enormous 
highly  vascular  yolk-sac,  which  made;  the  persistence  of  jin\  other  dermal 
respiratory  organ  of  early  life  <juile  unnecessary.  The  true  external  gills  were 
supposed  by  some  to  be  larval  organs  independently  developed,  but  further 
knowledge  of  their  identical  relations  and  development,  made  it  impossible,  to 
accept  any  other  view  than  that  they  were  truly  homologous  structures  inherited 
from  a  remote  ancestor. 

The  structures  in  question  are  provided  with  elaborate  muscular  arrange- 
ments ;  in  a  live  Dipnoan  or  Urodelan  larva  they  are,  seen  to  be  every  now  and 
then  sharply  flicked  back;  they  are,  in  fact,  though  mainly  respiratory,  potentially 
motor  in  function.  In  Urodeles  the  corresponding  structure  on  the  nmndibular 
arch  has  lost  its  respiratory  and  taken  on  a  purely  supporting  function. 

The  author  concluded  that  in  these,  serially  arranged  potentially  motor  organs 
of  the  lower  vertebrates  were  to  bo  recognised  organs  homodynanious  with  the 
structures  which  had  given  rise  to  the  paired  limbs ;  the  limb-girdles  lit*  followed 
Gegenbaur  iu  regarding  an  modified  visceral  arches.  The  earliest  stage  of  the 
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purely  motor  appendage  wan  probably  a  .simple  styliform  structure  resembling  the 
balancing  organ  of  the  Urodele  or  the  limb  of  Lepidosirfn,  and  from  thin  styfv-* 
pterygium  had  been  derived  along  two  divergent  lines  of  evolution — the  archi- 
pterygium  and  ichtlu  opterygium  on  the  one  Jiand  and  the  cheiropterygium  on  the 
other. 

Finally  the  author  remarked  that  this  hypothesis  had  the  advantage  of 
explaining  just  as  well  as  did  the  Gegenbaur  hypothesis  the  traces  of  backward 
migration  of  the  limbs  ;  and  in  regard  to  the  only  serious  objection  to  tin*  view — 
the  absence  of  a  cartilaginous  skeleton  in  external  gills — ho  pointed  out  than  this 
objection,  already  weakened  by  the  presence  of  a  •••!:•' '!•! .!  •  -i-  axis  in  the  barbels 
of  Xmoim*  had  now  been  minimised  by  the  description  by  Jiudgetl.  of  a  rod  of 
cartilage  projecting  into  the  base  of  the  external  gill  in  the  young  Poh/pferus. 


5.  T/ia  Story  of  Malaria.     %  ROXALD  Ross,  F.It.C.3.,  F.fi.X. 

Interesting  nature  of  the  story.     Incorrect  versions  propagated. 

Kndemic  nature  and  paludal  connection  of  malarial  disease  givo  riso  to  the 
hypothesis  of  a  telluric  miasm.  Absence  of  any  scientific  proof.  Negative  ex- 
periments of  ( Jalandruccio  and  others. 

The  first  fact  -discovery  of  the  malarial  pigment,  called  melanin,  by  French?, 
Virchow,  and  Meckel  in  184J)  51. 

Invention  of  the  ]l<ici/li/i*  nutlttrite  by  Crudeli,  Marchiafava,  and  other  1  Ionian 
writers.  Circumstantial  details.  The  whole  thing  a  fabrication. 

The  second  fact-  recognition  of  the  :.:  '  :-.-:>•  .:*  .„•  parasite  by  Laveran, 
SO.  He  describes  all  forms  of  the  parasite.  Predatory  Italian  efforts. 

The  researches  of  Lavernn  and  (Jolgi  concerning  tJio  life-history  of  the 
parasites  within  the  body.  Similar  parasites  found  in  birds  by  Banilewsky. 
(Certain  forms  of  the  parasites,  now  known  as  gametocytes,  cannot  be  explained. 
Krroneous  degeneration  theory  of  tirassi  and  ]>ignami. 

Efforts  to  tind  the  parasite  free  in  nature,  (trassi  discovers  it  in  a  fresh-water 
amoeba  --another  fabrication.  The  mosquito  hypothesis  of  King,  Laveran,  Koch, 
Man  son,  Jlignami,  and  others.  All  formed  independently,  and  are  partly  right 
and  partly  wrong. 

I  show  that  the  so-called  flagella  emanating  from  the  gametocytes  are,  living 
bodies.  SacharofVpro\es  them  to  contain  cliromntin.  MacCallum  demount ratcu 
their  true  nature. 

My  attempts  to  cultivate  tho  parasites  of  mosquitoes,  lMK"i-97.  Failure  with 
'grey 'and  *  brindled*  mosqnitoeM  ((W/'.r).  Final  discovery  of  the  *pigmented 
cells'  in  *  dappled-winged '  mosquitoes  {AmytM?*)  in  1K)7  practically  solves  the 
problem. 

Whole  life-history  of  the  parasites  in  mosquitoes  determined  by  my  experi- 
ments on  tho  development  of  the  parasites  of  birds  in  CM/PI-  futit/au*  in  ISI>8. 
In  association  with  Annott  and  Austen  I  find  the  similar  de\elo]>ment  of  the 
human  parasites  in  dappled-winged  mosquitoes  in  Sierra  Leone,  and  study  the 
habits  of  thope  insects,  18SM). 

Koch  confirms  MacCallum's  observations,  studies  the  early  history  of  the 
/ygotes,  confirms  my  work  (1808),  and  linds  the  frequency  of  infection  in  native 
children  (1809).  Similar  studies  of  Daniels.  Great  value  of  their  labours. 
Kxcellont  researches  of  Christophers,  Stephens,  Nuttall,  Ziemaun.  Van  der  Scheer, 
Kiige,  Fernflide,  and  many  others.  Crucial  experiment  of  Afanson  in  1000. 

After  tho  publication  of  my  work  of  18M8  Hignami,  liastianelli,  and  Grass! 
dote.ot  the  genus  of  my  '  dappied- winged f  mosquitoes  from  my  description,  and 
lind,  in  similar  insects  in  Italy,  the  development  of  the  parasites  described  by  me. 
They  pretend  that  their  efforts  were  original.  They  add  no  now  facts  of  funda- 
mental importance.  Unreliable  and  predatory  nature  of  their  work,  especially  of 
that  of  B.  Orassi.  Tetters  from  Charles,  Laveran,  and  Koch. 

Excellent  histories  of  Mannaberg,  Thayer,  and  Nut  tall. 

7,  Z2 
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The  prevention  of  malaria  and  other  mosquito-borne  diseases.  Punkahs, 
mosquito-nets,  wire  gauze,  and  quinine.  Segregation.  Koch's  method. 
Necessity  for  ridding  towns  of  mosquitoes.  Experiments  now  in  progress  in 
Sierra  Leone  and  Lagos.  _  _ 

0.  Exhibition  of  Photographs  of  Fossils  in  the  La  Plata  Mnseum. 
By  Di\  FRANCISCO  P.  MORENO. 


A  New  Sounding  and  Ground-collecting  Apparatus. 
By  Professor  G.  GILSON,  of  Louvain. 


Side  view,  showing  method  of  suspension. 


Front  view,  showing  mechanism. 


-br 


h,  handle  suspending  block  b  ;  b,  cast-iron  block  ;  br,  stool  bar ;  cp,  cup  ;  r,  cover  ;  7»,  ring 
keeping  apparatus  in  an  oblique  position  when  lying  down  on  the  bottom.  This  ring  in  attached 
to  the  block  b  and  moves  with  it  ;  TW,  mechanism  intended  to  release  the  cover  c  when  the  appa- 
ratus is  hauled  up,  and  not  before  that. 

The  cam  seen  at  the  lower  part  falls  as  soon  as  the  cup  cp  strikes  the  bottom,  the  block  b 
sliding  down  then  to  the  table  /.  This  cam  ia  fixed  to  a  flat  iron  piece  with  a  catch  on  its  right 
side  to  suspend  the  cover  r.  The  upper  part  of  this  piece  is  engaged,  on  the  loft  side,  in  a  groove 
cut  in  the  vertical  rod.  When  the  block  6  is  lifted  up,  the  cam  not  being  in  place,  the  end  of  the 
grooyp  catches,  and  the  cover  c  is  released  by  the  swinging  of  the  flat  piece. 
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This  apparatus  has  been  used  for  some  time  in  the  course  of  certain  researches 
•which  have  heeu  carried  on  in  the  North  Sea.  The  task  of  a  complete  biological 
survey  of  the  Belgian  coast  having  been  entrusted  to  the  author  by  his  Govern- 
ment, he  soon  felt  the  want  of  a  handy  ground-collecting  instrument.  Several  of 
the  existing  models,  among  which  a  few  were  of  the  boring-tube  type,  were  tried. 
Some  worked  rather  well,  but,  although  very  heavy,  they  would  only  supply  a 
small  quantity  of  sediment.  Others  gave  good  results  on  soft  muddy  bottom,  but 
no  result  at  all  on  the  sometimes  very  hard  sands  of  the  coast.  None  of  them 
was  found  to  answer  adequately  for  the" particular  desiderata  of  the  work,  a  bulky 
sample  of  all  kinds  of  sediments  being  required.  The  author  then  set  to  work  and 
constructed  the  very  simple  apparatus  exhibited,  which,  although  a  mere  embryo 
rather  roughly  set  up,  has  done  such  good  service  as  to  induce  him  to  call  to  it  the 
attention  of  those  engaged  in  •  •  .  •  •  V.  study. 

It  belongs  to  tin,'  cup  type  of  sounding  machine,  the  earliest  idea  of  a  ground- 
collecting  apparatus.  The  cup,  however,  lias  been  provided  with  several  additional 
devices  which  give  the  whole;  quite  a  peculiar  character.  The  most  important  of 
these  is  an  iron  cover,  exactly  litting  the  cup,  and  intended  to  prevent  its  contents 
from  being  washed  away,  A  very  simple  mechanism  keeps  this  cover  Kited  up 
as  long  as  the  cup  is  cutting  into  the  soil.  As  soon  us  the  cup  touches  the  bottom 
a  little  cam  falls  down,  and  is  unlatched.  Later  on,  when  the  apparatus  is  finally 
hauled  up,  but  not  before  it  takes  a  vertical  position  again,  the  ^ame  mechanism 
releases  the  cover  and  allows  it  to  fall  and  close  the  cup. 

The  construction  of  the  apparatus  is  given  in  the  figure. 

One  of  the  most  characteristic  features  of  the  instrument  is  that  the  rope  is  not 
connected  directly  to  the  iron  bar  that  bears  the  cup,  but  to  a  square  block  of 
cast  iron  through  which  the  bar  freely  plays  up  and  down. 

"When  a  hard  ground  is  reached,  the  men  in  charge  take  care  to  give  the  rope 
a  few  .short  pulls  in  order  to  make  the  cup  bite  into  it.  If  under  such  circum- 
stances the  instrument  was  allowed  to  lie  flat  on  the  ground  it  mijrht  empty  itself 
after  each  pull.  The  ring  attached  to  the  iron  Work  is  intended  to  keep  the 
apparatus  in  an  oblinue  position,  thus  cau*ing  the  cup  to  cut  into  the  soil  by  its 
edge,  and  to  gradually  fill  up,  no  matter  in  what  direction  it  may  happen  to  tumble 
down. 

When  full  the  cup  contains  about  six  pounds  of  sand.  The  whole  construc- 
tion is  very  simple.  There  is  no  piece  in  it  that  any  blacksmith  or  ship  engineer 
could  not  easily  repair  or  even  make  anew  in  cu>e  of  a  breakdown ;  a  quality 
which  anyone  engaged  in  exploration  would  certainly  wish  all  his  iiibtruinents  to 
possess. 

The  author  has  tried  this  sounding  machine  in  shallow  waters  only ;  but  there 
is  little  doubt  that  it  would  work  well  on  the  boft  ooze  of  the  deep  sea.  If  neces- 
sary a  system  of  lost-weight  mechanism  could  easily  be  devised  and  connected  to  it. 


B,  Exhibition  of  a  Jfew  Oricntimj  Apparatus  for  the 
Microtome.    By  JAMES  RASKIN. 
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SECTION  E.-GEOGRAVHY. 

PllLSlDENT  OP  THIS  SECTION — HUGH  llOJlRKT  Mll.L, 

D.Sc.,  LL.1).,  F.K.S.E.,  F.H.G.S. 


TlHSItSDAY,  MSP'MMBKH   11. 

Tho  President  delivered  the  following  Address:  - 

OX    llESEAKCll    IN   (iKOliltAl'HICAL   SdKNCK. 
Introductory. 

THE  annual  reassembling  of  frionds  and  fellow-workciw  in  the  old  re-visited  towns, 
and  tlio  annual  accession  of  new  lovers  of  science,  furnish  a  unique  opportunity  for 
a  survey  of  the  advances  made  in  each  department,  a  lilting  occasion  nl^o  for 
remembering  those  who  have  finished  their  work  and  can  aid  our  deliberations 
only  by  the  memory  of  their  example. 

Apart  from  our  more  intimate  losses  in  the  death  of  many  distinguished 
geographers  and  devoted  workers,  the  period  wince  our  last  meeting  has  been  for 
all  a  year  of  mourning.  Th-  JM— inj  •  •!'  the  nineteenth  century  was  almost  like  the 
death  of  a  friend,  and  it  is  -  -II  <l.ihVul:  tu  n-ali&e  that  the  century  which  we  had 
been  so  long  in  the  habit  of  associating  with  everything  new  and  great  and 
progressive  has  itself  become  part  of  the  past.  Few  coincidences  have  been  more 
striking  than  the  almost  simultaneous  close  of  that  unparalleled  reign  which  gave 
a  name  to  the  Era  including  all  that  was  best  and  most  characteristic  of  the 
century.  The  death  of  Queen  Victoria  carried  HO  keen  a  sense  of  personal  loss 
into  every  heart  that  few  attempts  have  been  made  to  show  how  \ast  a  portion 
of  the  stream  of  time-- measured  by'  •  ••  '•  i-3ned  between  the  terminal 
dates  of  her  life.  Think  for  a  moment  .  •  ••;':.::  advances  in  the  one  small 
department  of  geographical  exploration  during  the  late  Queen V  :•• :.  : .  '!•••  i-ulti- 
tude  of  landmarks  which  have  lx?«n  crowned  by  the  great  name  •  i  \  .i-.-1":  i  -of 
the  Earth's  most  southerly  land  and  its  most  "northerly  sea,  of  the  largest  lake- 
and  most  majestic  waterfall  of  Africa,  the  loftiest  lake  oi'  Asia,  the  highest  peak  in 
New  Guinea,  the  widest  desert  and  most  populous  colony  in  Australia,  and  of  the 
two  thriving  seaports  on  either  *ide  of  the  North  Pacific  which  couple  together 
the  British  Dominions  of  western  America  and  eastern  Asm. 

\Vhat  could  be  more  appropriate  in  this  first  meeting  after  the  close  of  such  a 
century  and  of  buck  a  reign  than  to  pass  in  brief  but  appreciative  re\iew  the 
advances  of  ,  .'Mr1.*  during  those  hundred  or  those  sixty-live  years!"  One 
thing  in  my  opinion  is  more  appropriate  than  to  dwell  on  pa>t  triumphs  or  to 
regret  past  greatness,  and  that  is  to  survey  our  present  position  and  look  ahead. 
In  the  first  year  of  a  new  century  and  of  a  new  reign  we  are  reminded  that  >v<« 
have  a  future  to  face  and  that  the  world  is  before  UP,  and  J  propose  to  sei/e  this 
opportimity  in  order  to  speak  of  the  science  of  geography  as  it  is  now  understood 
and  especially  to  urge  the  importance  of  the  more  systematic  pursuit  of 
geographical  research  henceforward. 
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f  •  I:'  -I  rii  fill  if  In  the  Universities. 

The  prospect  of  immediate  expansion  in  many  British  universities  seems  at 
last  likely  to  afford  more  than  one  opportunity  of  wiping  out  the  old  disgrace  of 
the  neglect  of  geographical  science  in  the  accredited  seats  of  learning.  Already 
Oxford  has  a  well-manned  School  of  Geography,  and  Cambridge  has  a  Reader  in 
Seography.  The  reconstituted  University  of  London  occupies  the  best  position  in 
the  world  for  creating  a  chair  of  (reotrraphirnl  research,  situated  aa  it  IP  in  the  very 
centre  of  the  comings  and  goings  oi  all  mankind,  and  in  touch  with  the  most  com- 
plete geographical  library  and  map-collection  in  existence.  The  new  University  of 
Birmingham  may,  it  is  hoped,  prove  better  than  its  promises,  and  may  perhaps  after 
all  provide  some  more  adequate  treatment  of  geography  than  its  proposed  par- 
tition amongst  the  professors  of  half  a  dozen  special  subjects,  all  of  them  con- 
cerned in  geography,  it  is  true,  but  none  of  them  individually,  nor  all  of  them 
collectively,  capable  of  embodying  that  co-ordination  of  parts  into  a  harmonious 
unity  which  gives  to  !••  Hjrapliy  its  power  as  a  mental  discipline  and  its  value  for 
practical  application.  But  Luglana  in  all  that  pertains  to  higher  education  is  still 
a  poor  country,  and  the  will  to  do  well  is  hampered  by  the  grinning  demon  of 
poverty.  Here,  on  1he  other  side  of  the  Border,  wo  are  in  a  different  atmosphere. 
The  wave  of  the  magician's  wand  in  tin*  hand*  of  Andrew  Carnegie  has  brought 
wealth  that  la,st  year  would  have  been  deemed  fabulous  to  the  ancient  universities 
iu  Scotland,  and  it  will  bo  a  disgrace  to  our  country  if  this  splendid  generosity 
does  not  result  in  tho  establishment  of  one  or  more  fully  endowed  and  completely 
equipped  chairs  of  geography. 

There  may  still  be  some  people  who  ^  iew  geography  as  the  concern  only  of 
soldiers  and  sailor.-,  ad  venturous  travellers,  and  perhaps  of  elementary  teachers. 
ICxploration  is  undoubtedly  the  first  duty  nf  geographers,  but  it  is  A  duty  which 
lias  been  well  done,  the  nineteenth  century  having  loft  us  only  one  problem  of 
the  first  magnitude.  This  is  the  exploration  of  the  polar  rcjrioiH,  and  even  here 
tho  twentieth  century  clamours  for  new  methods. 

T/ir  Antarctic  77, 


This  year  has  seen  the  lon^-hoped-lbr  Antarctic  expeditions  set  out  on  their 
great  quest,  a  quest  not  only  of  new  lands  in  the  southern  ice-world  but  of 
scientific  information  regarding  all  the  conditions  of  that  vast  unknown  region. 
Two  expeditions  have  been  planned  in  Great  Britain  and  Germany  with  a  com- 
plete interchange  of  information  regarding  equipment  and  methods  of  work. 
l>ro\ision  has  been  made  for  simultaneous  magnetic  and  meteorological 
observations,  and  in  some  instances  for  the  use  of  instruments  of  identical 
construction,  and  nil  possibility  of  any  unseemly  rivalry  in  stming  for  tho 
childish  distinction  of  getting  farthest  south  has  been  obviated  by  the  friendly 
understanding  that  tho  British  ship  shall  explore  the  already  fairly  known  Koss 
quadrant,  where  it  is  pretty  sure  that  extensive  and  accessible  land  will  favour 
exploration  by  sledges,  while  the  Germans  have  chosen  the  entirely  unknown  aroa 
of  the  Kndorby  quadrant  which  no  ice-protected  steamer  has  yet  attempted  to 
penetrate,  and  where  they  enter  a  region  of  potential  discovery  before  they  cross 
the  Antarctic  Circle. 

Tho  British  expedition  is  equipped  on  the  good  ol«l  plan  that  produced  such 
tine  rebuilt*  in  tho  days  of  Cook  ana  Ross  ;  it  is  'inn  lined  by  sailors  of  tho  Jioyal 
Navy  and  is  tinder  the  command  of  a  gallant  navnl  uih'eer,  though,  unlike  the 
earlier  vessels,  the  '  Discovery  '  is  not  herself  a  naval  ship.  As  in  the  days  of  Cook 
the  naval  officers  are  assisted  in  their  non-professional  work  by  several  young  and 
promising  scientific  men,  two  of  whom  have  already  had  experience  of  work  in 
the  polar  regions.  These  have  the  great,  advantage  of  the  counsel  and  help  of 
Mr.  George  Murray  of  the  British  Museum,  who  goes  as  far  as  Melbourne  in  the 
position  of  Director  of  the  Scientific  Staff. 

No  one  who  has  seen  the  zeal  and  unflagging  enthusiasm  with  which  Sir 
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Clements  Markham  lias  organised  the  expedition  can  hesitate  to  accord  to  him  in 
fullest  measure  the  credit  for  its  successful  inauguration.  And  no  one  who  has  seen 
the  quiet  and  good-humoured  determination  of  the  commander,  Commander  II.  F. 
Scott,  in  overcoming  nw;.  "  •"'  •'"•.-:  reliminary  difficulties,  can  doubt  his  fitness 
to  undertake  the  heavy  '  -i  '  -  :  '.  "•  of  the  voyage.  I  am  sure  that  he  will  he 
a  worthy  successor  to  Cook,  Ross,  Franklin,  Nares,  and  all  the  other  officers 
who  have  made  their  names  and  the  name  of  the  British  Navy  famous  in  Polar 
service.  The  second  in  command,  Lieutenant  Armitage,  ll.N.ll.,  has  had  several 
years  of  Arctic  experience,  and  amongst  the  crew  there  are  some  old  whalers  whose 
Knowledge  of  the  ways  of  sea-ice  should  prove  of  value.  The  ship  and  her  equip- 
ment are  unique ;  it  is  no  exaggeration  to  say  that  she  is  the  best-found  and  most 
comfortable  vessel  which  has  ever  left  our  shores  on  a  voyage  of  discovery. 

The  German  expedition  has  been  more  boldly  planned  than  ours.  It  is  new 
and  experimental  all  through,  as  befits  a  young  nation  in  its  first  exuberant  efforts 
in  a  new  field.  If  some  people  suppose  that  it  may  lia^  e  made  mistakes  that 
our  expedition  has  avoided ;  these,  at  least,  are  new  mistakes  from  which  new 
lessons  are  to  be  learned.  If  risks  must  be  run — and  we  of  the  twentieth  century 
are,  I  trust,  no  more  timid  of  incurring  risks  than  our  predecessors  of  the  nine- 
teenth, or  the  eighteenth,  or  even  the  seventeenth — it  is  good  that  they  should  bo 
new  risks.  To  scientiuc  men  in  Germany  it  appears  natural  and  reasonable  that 
a  man  of  science  should  be  the  head  of  a'scientitic  expedition  ;  and  that  a  geogra- 
pher should  lead  a  geographical  expedition.  Many  British  men  of  science  sympa- 
thise in  this  Tiew.  Dr.  Erich  von  Drygalski,  one  of  the  professors  of  Geography 
in  the  University  of  Berlin,  lias  been*  entrusted  with  the  command  to  which  he 
was  appointed  before  the  ship  was  designed,  and  for  five  years  lie  has  given  all  his 
time  and  thought  to  the  expedition.  lie  is  supported  by  a  band  of  highly  trained 
specialists,  who  have  spared  neither  time  nor  travel  in  mastering  the  subjects  with 
which  they  may  deal,  and  each  has  also  recened  a  general  training  in  the  subjects 
of  all  his  colleagues — an  admirable  precaution.  The  captain  of  the  '  (Jauss.'  who 
belongs  to  the  Mefchant  Service,  has  taken  a  course  of  training  from  the  Norwe- 
gian whalers  off  Spitsbergen.  lie  will,  of  course,  be  absolute  master  of  the  ship 
and  crew  in  all  that  concerns  order  and  safety,  but  he  will  be  uncW  the  direction 
of  tho  leader  in  all  that  concerns  the  plan  of  the  \oyuge  and  the  execution  of 
scientific  work.  This  arrangement  is  one  which  has  alwavs  seemed  tome  to  be 
desirable,  that  the  captain  of  a  ship  on  scientific  sen  ice,  should  occupy  a  position 
in  relation  to  the  scientific  chief  similar  to  thai  of  the  captain  of  a  yacht  in  relation 
to  the  owner  j  but  it  is  subject  to  the  drawback  that  a  naval  officer  could  not  well 
be  asked  to  accept  such  a  divided  command. 

Whatever  our  views  as  to  ideal  organisation  may  be,  we  are  all  certain  lhat 
both  expeditions  will  do  the  utmost  that  they  can  to  "justify  the  confidence  that  is 
placed  in  them  and  to  bring  honour  to  their  flags.  We  know  that  the  officers  and 
staff  of  the  'Discovery  '  belong  to  a  race  which,  whether  trained  in  the  University 
or  in  tho  Navy,  has  acquired  the  habit  of  bringing  back  splendid  results  from  any 
quest  that  is  undertaken. 

A  Definition  offa'tyi'ti/Jiy. 

The  bright  prospects  of  Antarctic  Exploration  must  not,  however,  blind  ns  to 
the  fact  that  exploration  is  not  geography,  nor  is  the  reading  or  even  the  writing 
of  text-books,  nor  is  the  making  of  maps,  despite  the  recognition  of  leading  carto- 
graphers as  '  Geographers  to  the  King.'  These  are  amongst  the  departments  of 
:••  ••. '  ••;  l.i ,  but  the  whole  is  greater  than  its  parts. 

The  view  of  the  scope  and  content  of  Geography  which  I  have  arrived  at  a* 
the  result  of  much  work  and  some  little  reading  during  twenty  years  is  substan- 
tially that  held  by  most  modern  geographers.  But  it  is  right  to  point  out  that  tho 
mode  of  expressing  it  may  not  be  accepted  without  amendment  by  any  of  the 
recognised  leaders  of  the  science,  and  for  my  own  part  I  believe  that  discussion 
rather  than  acceptance  is  the  best  fate  that  can  befall  any  attempt  at  stating 
scientific  truth. 
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Put  in  the  fewest  words,  my  opinion  is  that 

fVr-.yiv/y,/,./  fa  the  science  which  deals  with  the  forms  of  relief  of  the  EartKs  crust, 
and  in't/i  I  he  influence  which  these  forms  exercise  on  the  distribution  of  all  other 
phenomena. 

This  definition  looks  to  the  form  and  composition  of  the  Earth's  crust  itself, 
and  to  the  successive  coverings,  partial  and  complete,  in  •which  the  stony  globe  is 
wrapped.  We  sometimes  hear  of  the  New  Geography,  but  I  think  it  is  moro  pro- 
fitable to  consider  the  present  position  of  Geography  as  the  outcome  of  the  thought 
and  labours  of  an  unbroken  chain  of  workers,  continuously  modified  by  the  growth 
of  knowledge,  yet  old  in  aim,  old  even  in  the  expression  of  many  of  the  ideas  that 
we  are  apt  to  consider  the  ino&t  modern. 

Some  Historical  Landmarks. 

Claudius  Ptolcnuuus,  about  1.50  A.D.,  gathered  into  his  great  'Geography'  the 
whole  outcome  of  the  Greek  study  of  the  habitable  world.  lie  laid  stress  on  the 
threefold  nature  of  descriptions  of  tho  Earth's  surface,  the  general  sketch  of  the 
great  features  of  the  world  alone  receiving  the  name  of  Geography,  the  more 
special  description  of  an  area  he  termed  Chorography,  and  the  detailed  account  of 
a  particular  place  Topography. 

Aristotle,  who  first  adduced  real  proofs  of  the  sphericity  of  the  Earth,  had  not 
failed  to  note  the  relationships  which  exist  between  plants  and  ammals,  and  the 
places  in  which  they  ar«  found,  and  he  argued  that  the  character  of  peoples  was 
influenced  by  the  land  in  which  they  lived;  but  Ptolemy  cared  little  for  theories, 
comparisons,  or  relationships,  confining  himself  rather  to  the  record  of  actual  facts. 
He  made  errors,  the  results  of  which  were  more  important,  as  it  happened,  in  ad- 
vancing knowledge  than  were,  the  truths  which  he  recorded ;  for  after  the  troubled 
mediaeval  sleep,  when  even  the  spherical  form  of  the  Earth  was  blotted  oui-  of  the 
knowledge  of  Christendom,  the  scientific  deductions  made  by  Toscanelli  from  the 
false  premises  of  Ptolemy  heartened  Columbus  for  his  westward  voyage  to  the 
.Indies,  on  the  very  outset  of  which  he  stumbled  .ill  unknowing  on  the  New  World. 
When  Magellan  succeeded  in  the  enterprise  which  Columbus  had  commenced,  the 
fourteen  centuries'  reign  of  Ptolemy  in  geography  came  to  an  end ;  his  wort  was 
done. 

Tlit»  rapid  unveiling  of  the  Earth  in  the  sixteenth  and  seventeenth  centuries  cast 
n  glamour  over  feats  of  exploration  which  has  not  \et  been  wholly  dissipated,  and 
it  may  not  be  easy,  oven  now,  to  obtain  wide  credence1  for  the  iact  that  the  ex- 
plorer is  usually  but  the  collector  of  raw  material  for  the  geographer, 

It,  is  of  vital  interest  to  trace  the  re-format  ion  of  the  theory  of  geography  after 
its  interruption  in  the  Middle  Ages.  The  fragments  of  the  old  Greek  lore  were 
romi'iite'l  together  by  new  and  plastic  thoughts,  crudely  enough  by  Apian, Gemma 
Frisius,  and  Sebastian  Minister  in  tho  sixteenth  century,  but  with  increasing 
strength  and  completeness  by  Chm-rius,  Carpenter,  and  Varenius  in  the  seven- 
teenth. 

2'he  First  Oxford  Geographer. 

Tho  names  of  Cluverius  and  Varenius  are  familiar  to  every  historian,  of 
geography,  but  that  of  Carpenter,  1  am  afraid,  is  now  brought  to  tho  notice  of 
many  geographical  students  for  the  first  time.  He  was  not  so  great  as  Varenius, 
but  "he  was  the  first  IJritLsh  geographer  to  write  on  theoretical  geography  as 
distinguished  from  mathematical  treatises  on  navigation  or  the  repetition  of  nar- 
ratives of  travel,  and  1  think  that  there  is  evidence  to  show  that  his  work  had  an 
influence  on  his  great  Dutch  contemporary. 

Nathanael  Carpenter,  Fellow  of  Exeter  College,  Oxford,  published  his  book  in 
1G:K  tinder  the  title — 

1  Geographic  delineated  forth  in  two  ttookes.  Containing  the  Sphericall  and 
Topical!  parts  thereof,'  and  with  the  motto  from  Ecclesiastes  on  its  title-page — 

'  One  generation  coin  me  th,  and  another  goeth,  but  the  Earth  remayneth  for 
ever/ 
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The  great  merits  of  Carpenter's  treatise  are  his  iirin  grasp  of  the  relation  of  one 
part  of  geography  to  another,  his  skilful  blending  of  the  solid  part  of  the  work  of 
Aristotle  and  Ptolemy  with  that  of  the  explorers  and  investigators  of  his  own 
generation,  and  the  wholesome  common-sense  that  dominates  his  reasoning.  His 
definition  is  comprehensive  and  precise. 

'  Geographic  is  a  science  which  teacheth  the  description  of  the  whole  Earth. 
The  Nature  of  ftwirnpli  is  well  expressed  in  the  name:  For  Geoyraphie  resolved 
according  to  thi-  1itt*h  ICtymologie  significth  as  much  as  a  description  of  the 
Earth ;  so  that  it  differs  from  Cownoyraphie,  as  a  part  from  the  whole.  Foras- 
much as  Coxmographie  according  to  the  name  is  a  description  of  the  whole  world, 
comprehending  under  it  as  well  Geographic  as  Astronomic.  Tlowbeit,  I  ccmfesse, 
that  amongst  the  ancient  Writers,  Cotmuyrap/rie  has  been  taken  for  one  and  the 
self-same  science  with  Geographic  as  may  appeore  by  sundry  treatises  meerely 
fi-  "»rraph^nll  yet  intituled  by  the  name  of  Cwnnot/rapJM 

The'  differences  held  by  Ptolemy  to  distinguish  geography  from  chorography 
Carpenter  shows  to  be  merely  accidental,  not  essential,  and  as  to  geography  he  says 
'  It  is  properly  tearmed  a  faience,  because  it  proposcth  to  it  selfe  no  other  end  but 
knowledge;  whereas  those  faculties  ore  commonly  tearmed  Art*,  which  are  not 
contented  with  a  bare  knowledge  or  speculation,  but  are  directed  to  some  farther 
work  or  action.  But  here  a  doubt  seems  to  arise,  whether  this  faience  be  to  bo 
esteemed  Phymall  or  Mat/if  mat  icall?  Wee  answer,  that  in  a  Science  two  things 
are  to  bee  considered :  first,  the  matter  or  object  whereabout  it  is  conversant ; 
secondly,  the  manner  of  handling  tmd  explication  :  For  the  former  no  doubt  can 
bee  made  but  that  the  object  in  G&x/raphie  is  lor  the  most  part  Phyxirall  con- 
sisting of  the  parts  whereof  the  Spheare.  is  composed;  but  for  the  manner  of 
Explication  it  is  uotpr/rc  but  mitt',  as  in  the,  former  part  MtifAcmaticall,  in  the 
second  rather  Ilixtoricall ;  whence  the  whole  Science,  may  be  alike  tearmed  both 
Mathematical!  &  Uiv1oricall\  not  in  respect  of  the, whjert  which  \\olia\n  said  to 
bo  Physical!  but  in  the,  manner  of  JSj  plica  t  inn.9 

Although  somewhat  diffuse  in  expression,  the,  meaning  of  them;  statements  is 
clear  and  sound,  and  to  the  JSritish  public  as  new  now  as  it  was  in  the  days  of  Kimr 
Charles.  The  book  treats  of  mathematical  geography  and  i:1-. i-j1*,  of 
magnetism,  climates,  the  naturo  of  places,  of  hydrography,  including  the  sea, 
rivers,  lakes  and  fountains,  of  mountains,  \allcys  and  woods,  of  islands  and 
continents,  and  at  considerable  length  of  people  and  the  way  in  which  they  are 
influenced  by  the  land  in  which  thny  live.  AVhe,tli«r  l>r.  Carpenter  lectured  on 
geography  in  Oxford  I  do  not  know,  but  his  book  must  have  acquired  a  certain 
currency,  for  a  second  edition  appeared  in  103-">,  and  it  seems  probable  that  it  was 
known  to  Varenius. 

VweniitN  ami  Ncwhtu. 

Varenius,  a  young  man  who  died  at  twenty-eight,  produced  in  Latin  a  binglo 
small  volume  published  in  1050,  which  is  u  model  of  conciseness  of  expression  and 
logical  arrangement  well  worthy  even  now  of  liloral  translation  into  Knglish.  So 
highly  was  it  thought  of  at  the  time  that  Sir  Isaac  Newton  brought  out  an 
annotated  Latin  edition  at  Cambridge  in  107 LV  The  opening  definition  as 
rendered  in  the  English  translation  of  37.TJ  (a  work  spoilt  in  most  places  by  a 
parasitic  growth  of  notes  and  interpolations)  runs : — 

'  Geography  is  that  part  of  mived  mntheHnitic*  which  explains  the  state  of  the 
Earth  and  of  its  parts,  depending  on  quantity,  vi/.,  its  figure,  place,  magnitude 

1  Dugclale,  in  the  introduction  to  the  English  translation  published  in  1733, 
states  explicitly  that  Newton  produced  his  version  for  the  benefit  of  the  students 
attending  his  lectures  '  on  the  same  subject'  from  the  Lucoaian  chair;  but  wo  have 
been  unable  to  find  any  more  satisfactory  evidence  that  Newton  actually  lectured  on 
Geography  at  Cambridge. 
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and  motion  with  the  celestial  appearance*,  &c.  By  some  it  is  taken  in  too 
limited  a  sense,  for  a  bare  description  of  the  several  countries;  and  by  others  too 
extensively,  who  along  with  such  a  description  would  have  their  political 
constitution.' 

Varenius  produced  a  framework  of  Physical  (leojirapliy  capable  of  including 
new  facts  of  discovery  as  they  arose,  and  it  is  no  wonder  that  his  work,  although 
but  a  part,  ruled  unchallenged  as  the  standard  text-book  of  pure  geography  for 
more  than  a  century.  JJe  laid  stress  on  the  causes  and  eiVects  of  uhonomena  as 
well  as  tin1  meru  fact  of  their  occurrence,  and  he  clearly  recognised  the  vast 
importance  upon  different  distributions  of  the  vertical  relief  of  the  land.  JTe  did 
not  treat  of  human  relations  in  geography,  but,  under  protest.,  gave  u  scheme  for 
discussing  them  as  a  concession  to  popular  demands. 

Kant. 

As  Isaac  Newton,  the  mathematician,  had  turned  his  attention  to  geography  at 
(Cambridge  in  the  earlier  part  of  the  eighteenth  century,  so  Imnianuel  Kant,  the 
philosopher,  lectured  on  the  same  subject  at  Kii'iit-bi-rj.'  ii.  she  later  part.  The 
fume  of  Kant  as  a  metaphysician  1ms  defraude-l  isi!--  "f  :iii:cii  of  the  honour  th.it 
is  his  due  as  a  man  of  science.  As  Professor  Ilastie  puts  it:  l  His  earlier 
scientific  work,  like  an  inner  planet  merged  in  light,  was  thus  almost  entirely  lobt 
sight  of  in  the  blaze  of  his  later  philosophical  splendour.' 

Kant,  it  A\ill  be  remembered,  considered  that  the  communication  of  experience 
from  one  person  to  another  fell  into  two  categories,  the  historical  and  ihe 
geographical :  that  is  to  say,  descriptions  in  order  of  limo  or  in  order  of  .spare. 
The  science  of  geography  he  considered  to  be  fundamentally  physical,  but  physical 
geography  formed  the  introduction  and  key  to  all  other  possible  geographies,  of 
which  he  enumerated  five  :  malhvmntivnl,  concerned  with  the  form,  size,  and 
mo\emcnt,s  of  the  Earth  and  its  place  in  the  solar  system  ;  inwuf,  taking  account 
of  the  customs  and  characters  of  mankind  according  to  their  physical  surroundings; 
political,  concerning  the  divisions  of  the  land  into  the  territories  of  organised 
governments;  mrrwintifa,  or,  as  we  now  call  it,  commercial  geography;  and 
thfitlw/ira/,  which  took  account  of  the  distribution  of  religions.  It  is  not  so  much 
the.  cleavage  of  geography  into  live  branches,  oil  springing  from  physical  geography 
like  the  fingers  from  a  hund,  which  is  worthy  of  remark,  but  rather  the  recogni- 
tion of  the  interaction  of  the  conditions  of  physical  geography  with  all  other 
geographical  conditions.  The  scheme  of  geography  thus  acquired  a  unity  and  a 
flexibility  which  it  had  not  previously  attained,  "but  Kant's  views  have  never 
received  wide  recognition.  If  his  geographical  lectures  have  been  translated  no 
English  or  French  edition  has  come  under  my  notice,  and  such  currency  as  they 
obtained  in  Germany  was  checked  by  the  inore  concrete  and  brilliant  work  of 
Humboldt,  and  the  ideological  system  elaborated  in  overwhelming  detail  by 
Hitter. 

The  Ideological  views  of  Hitter  were  substantially  those  of  Paley.  The  world, 
he  found,  fitted  its  inhabitants  so  well  that  it  was  obviously  made  tor  them  down 
to  the  minutest  detail.  The  theory  was  one  peculiarly  acceptable1  in  the  early 
decades  of  the  nineteenth  century,  and  it  had  the  immensely  important  result  ot 
leading  men  to  view  the  Earth  us  a  pi-eat  unit  with  all  its  parts  co-ordinated  to 
OIIL  end.  It  gave  a  philosophical,  we  may  even  say  a  theological,  character  to  the 
btudy  of  geography. 

Kant'H  views  had  pointed  to  Hiich  n  unity,  but  from  another  side,  that  of  evolu- 
tion. It  was  not  until  after  Charles  Darwin  had  fully  restored  the  doctrine  oi 
evolution  to  modern  thought  that  it  was  forced  upon  thinking  men  that  the  n'tnes? 
of  the  Earth  to  its  inhabitants  might  result  not  from  its  being  made  for  them,  but 
from  their  having  been  shaped  by  it.  It  is  certain  that  the  influence  of  the 
terrestrial  environment  upon  the  life  of  a  people  has  been  carried  too  far  by  some 
writers — by  Buckle,  in  his  'History  of  Civilisation/ for  example — but  it  is.nc 
less  certain  that  this  influence  is  a  potent  one. 
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The  Nature  of  Geography. 

Granted  that  such  influence  is  exercised,  some  objectors  may  urge  that  geography 
has  nothing  to  do  with  the  matter,  and  we  are  compelled  to  acknowledge  that  the 
meaning  and  contents  of  geography  are  in  this  country  as  variously  interpreted  as 
the  colour  of  the  chameleon  in  the  traveller's  tale.  Yet  my  thesis  is  that  it  is 
just  this  relation  between  the  forms  of  the  solid  crust  of  the  Earth  and  all  the 
other  phenomena  of  the  surface  that  constitutes  the  very  essence  of  geography. 

It  is  a  fact  that  many  branches  of  the  study  of  the  Earth's  surface  which  were 
included  in  the  cosmography  of  the  sixteenth  century,  the  pi.  \  -:  ;ni  :  ),\  of  Linnaeus, 
the  physical  geography  of  Humboldt,  and  perhaps  even  the  Mrdkunde  of  Hitter, 
have  been  elaborated  by  specialists  into  studies  which,  for  their  full  comprehen- 
sion, require  the  whole  attention  of  the  student.  Geology,  meteorology,  oceano- 
graphy, and  anthropology,  for  example,  have  been  successively  specialised  out  of 
geography  ;  but  it  does  not  follow  that  these  specialisations  fully  occupy  the  place 
of  geography,  for  that  place  is  to  co-ordinate  and  correlate  all  the  special  facts 
concerned  so  that  they  may  throw  light  on  the  plan  and  the  processes  of  the 
Farth  and  its  inhabitants.  Geography  is  concerned  with  the  results,  not  with 
the  processes  of  the  special  sciences,  and  the  limits  between  geography  and  geology, 
to  take  a  single  instance,  are  to  be  drawn,  not  between  any  one  class  of  phenomena 
and  another,  but  between  one  way  and  another  of  marshalling  and  utilising  the 
same  facts.  This  was  clear  to  Carpenter  in  16:25,  though  we  have  almost  forgotten 
both  it  and  him. 

The  Principles  of  (1< 


The  principles  of  ^ofrripliy—  the  'pleasant  principles/  to  use  the  phrase  of  old 
"VViljiam  Cuninprham  in  1551)  —  on  which  its  claims  to  status  as  a  science  rest  are 
generall}'  agreed  upon  by  modern  geographers,  though  with  such  variations  as 
arise  from  differences  of  standpoint  and  of  mental  process.  The  evolutionary  idea 
is  unifying  geography  as  it  has  unified  biology,  and  the  whole  complicated  subject 
may  be  presented  as  the  result  of  continuous  progressive  change  brought  about  and 
guided  by  the  influence  of  external  conditions.  These  views  have  been  often 
expressed  in  recent  years,  but  they  do  not  seem  to  have  been  very  seriously 
considered,  and  no  excuse  need  be  oilered  for  presenting  them  ouco  more,  though 
in  an  epitome  curt  to  baldness. 

The  science  of  avoprnjihy  is  of  course  based  on  the  mathematical  properties  of 
a  rotating  sphere  ;  but  it'  we  define  geography  as  the  exact  and  organised  knowledge 
of  the  distribution  of  phenomena  on  the  surface  of  the  Earth,  we  seo  the  force  of 
Kant's  classification,  which  subordinated  matlicaiaticiil  to  physical  geography. 
The  vertical  relief  of  the  Earth's  crust  shows  us  the  grand  and  fundamental  contrast 
between  the  oceanic  hollow  and  the  continental  ridges;  and  the  hydrosphere  is  so 
guided  by  jrimfiiti"'!  as  to  fill  the  hollow  and  rise  upon  the  slopes  of  the  ridges 
to  a  height  depending  on  its  volume,  thus  i]itmiliiriiiur  the  great  superficial  separa- 
tion into  land  and  sea.  The  movements  of  the  water  of  the  ocean  are  guided  in 
every  particular  by  the  relief  of  the  sea-bed  and  the  r  f'..r  .r  i*  !  .  of  the  coast  lines. 
Even  the  distribution  of  the  atmosphere  over  the  Earth's  burlace  is  affected  by  the 
relief  of  the  crust,  the  direction  and  force  of  the  winds  being  largely  dominated  by 
the  form  of  the  land  over  which  they  blow.  The  different  physical  constitution 
of  land,  water  and  air,  especially  the  great  difference  between  the  specific  heat  and 
conductivity  or  diathermancy  of  the  three,  causes  changes  in  the  distribution  of  the 
sun's  heat,  and  as  a  result  the  simple  climatic  zones  and  rhythmic  seasons  of  the 
mathematical  sphere  are  distorted  out  of  all  their  primitive  simplicity.  The  wholo 
irregular  distribution  of  rainfall  and  aridity,  of  permanent,  seasonal  and  variable 
winds,  of  sea-climate  and  land  climate,  is  the  resultant  of  the  guiding  action  of 
land  forma  on  the  air  and  water  currents,  disturbed  in  this  way  from  their  primitive 
theoretical  circulation.  So  far  wo  see  the  surface  forms  of  the  Earth,  themselves 
largely  the  result  of  the  action  of  climatic  forces,  and  «•  :  •  •  :"  .•  •:••:.:  '•  .  change 
in  a  definite  direction,  controlling  the  two  great  systems  of  fluid  circulation 


TRANSACTIONS  OF  SECTION  E.  705 

These  in  turn  control  the  distribution  of  plants  and  animals,  in  conjunction  with 
the  direct  action  of  surface  relief,  the  natural  regions  and  climatic  belts  dictating 
the  distribution  of  living  creatures.  A  more  complicated  state  of  things  is  found 
when  the  combined  physical  and  biological  environment  is  studied  in  its  incidence 
on  the  distribution  of  the  human  race,  the  areas  of  human  settlement,  and  the 
lines  of  human  communications.  The  complication  arises  partly  from  the  fact  that 
each  of  the  successive  earlier  environments  acts  both  independently  and  collec- 
tively ;  but  the  diiliculty  is  in  greater  degree  due  to  the  circumstance  that  man 
alone  amongst  animals  is  capable  of  reacting  on  his  environment  and  deliberately 
modifying  the  conditions  which  control  him. 

It  seems  to  me  that  the  glory  of  geography  as  a  science,  the  fascination  of 
geography  as  a  study,  and  the  value  of  geography  in  practical  ailairs  are  all  due 
to  the  recognition  of  this  unifying  influence  of  surface  relief  in  controlling,  though 
iu  the  higher  developments  rather  by  suggestion  than  dictation,  the  incidence  of 
every  mobile  distribution  on  the  Earth's  surface. 

The  Classification  of  Geography. 

Following  out  this  idea,  we  are  led  to  a  classification  of  the  field  of  geography 
in  a  natural  order,  in  which  every  department  arises  out  of  the  preceding  with  no 
absolute  line  of  demarcation,  and  merges  into  the  succeeding  in  the  same  \vay 
This  classification,  it  is  necessary  to  note,  is  not  like  a  series  of  pigeon-holes,  which 
may  be  placed  in  any  arbitrary  order,  but  like  a  chain,  in  which  the  succession 
of  the  links  is  essential  and  unalterable. 

Since  form  and  dimension  are  the  first  and  fundamental  concepts  in  geography, 
the  first  and  basal  division  is  the  Mathematical.  Mathematical  geography  leaves 
the  Earth  as  a  spinning  ball  lighted  and  warmed  according  to  a  rigid  succession  of 
diurnal  and  annual  changes,  This  merges  into  the  domain  of  Physical  Geography, 
which  involves  the  results  of  contemporary  change  in  the  crust  and  the  circulation 
of  the  fluid  envelopes,  with  the  resulting  modifications  in  the  simple  and  pre- 
dictable mathematical  distributions.  This  division  falls  naturally  into  three  parts  : 
Geomorphology,  dealing  with  the  forms  of  the  solid  crust  and  the.  changes  they 
are  undergoing  at  the  present  time  ;  Oceanography,  dealing  with  the  great  masses 
of  water  in  the  world ;  and  Climatology,  dealing  with  the  effects  of  solar  energy 
in  the  air.  But  all  three  spheres — lithosphere,  ].-  *\  •. 1  .  and  atmosphere  -are 
so  closely  inter-related  that  no  one  of  them  can  bt  •  :  :i  hout  some  preliminary 
knowledge  of  the  others.  This  forms  the  largest  and  most  important  part  cf 
geography,  more  varied  and  intricate  than  the  mathematical,  better  known  and 
more  definite  than  those  involving  life. 

Bio-yoography,  the  geographical  distribution  of  life,  arises  directly  from  physical 
geop'j'aphy,  which  dominates  it,  but  it  is  full  of  complex  questions  which  involve 
the  biological  nature  of  the  organism  and  the  influence  of  physical  environment, 
in  which  geographical  elements,  ii1.!!.--!,.;!!  i  :•  lominant,  do  not  act  alone.  Difficult 
as  some  of  the  problems  of  th--  •»:•:•  !i  •:  •:',  of  life  are  at  the  present  day,  the 
remains  of  living  creatures  found  fossil  in  the  rocks,  and  the  survivors  of  archaic 
forms  still  lingering  in  remote  islands,  supply  us  with  our  only  instrument  of 
research  into  the  geography  of  past  ages,  often  making  it  possible  to  lay  down 
the  areas  of  land  and  water  in  earlier  geological  periods. 

The  relation  of  man  to  tho  surface  of  the  Earth  detaches  itself  from  the  rest  of 
Bio-geography  by  the  number  of  exceptions  to  general  laws  of  distribution  and  by 
the  human  power  of  modifying  environment.  It  has  necessarily  been  formed  into 
a  special  department,  Anihropo-geoymphi/.  In  primitive  man  tho  control  exer- 
cised by  environment  is  nearly  as  complete  and  simple  as  in  the  case  of  the  lower 
animals ;  but  with  every  advance  in  culture  fresh  complications  are  introduced. 
The  relation  of  people  to  the  land  they  inhabit,  the  choice  of  sites  for  dwellings 
and  towns,  the  planning  and  carrying  into  eilect  of  lines  of  communication,  are  all 
obviously  much  under  the  control  of  land  form  and  climate.  When  people  get 
settled  in  a  favourable  position  they  usually  become  attached  to  it ;  they  acquire, 
one  may  say,  the  colour  of  the  land,  in  modes  of  thought  as  well  as  in  manner  of 
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life.  The  poems  of  Ossian  and  the  Crofter  Question  require  for  their  elucidation 
a  knowledge  of  the  jreogmphical  renditions  of  the  Western  Highlands,  just  as 
the  Border  ballads  and  the  Border  raids  were  largely  conditioned  by  the  geo- 
graphy of  the  Southern  Uplands. 

Attachment  to  the  native  valley  or  the  native  fields  leads  to  the  holding  of 
land  by  clans  or  tribes  and  the  fusion  of  tribes  into  nations,  while  changes  in 
physical  conditions  stimulating  migration  from  a  deteriorating  country  may  lead 
to  the  invasion  of  settled  territories  by  homeless  hordes.  Jlero  *Anthropo- 
geography  buds  oil*  the  subdivision  of  Political  Qeoymphy,  which  takes  account 
of  the  artificial  boundaries  separating  or  subdividing  countries,  and  of  the  in- 
numerable artificial  restrictions  and  ameliorations  which  art*  superimposed  on 
the  natural  barriers  and  channels  of  intercommunication.  Even  in  political 
geography  only  a  humble  place  is  held  by  a  statement  of  boundaries  and  capitals, 
to  lists  of  which  the  great  name  of  Geography  has  actually  been  confined  by  people 
who  ought  to  have  known  better. 

Anthropo-geography  views  the  world  from  the  standpoint  of  the  race,  political 
geography  from  the  standpoint  of  the  nation  ;  but  room  has  to  be  found  for  a  yet 
more  restricted  outlook,  that  of  the  individual,  who^e  view  of  the  world  as  it 
profits  himself  is  known  as  commercial  geography.  This  department  deals  with 
natural  commodities  and  their  interchange,  and  perhaps  because  here  rather  than 
in  the  other  departments  a  successful  comprehension  of  tho  inter-relation  of  cause 
and  effect  may  be,  in  the  language  of  the  schoolroom, '  reduced  to  pounds,  shillings, 
and  pence/  the  name  of  Applied  (reography  has  been  proposed.  It  fitly  terminates 
our  survey  of  the  science,  for  the  flickering  disturbances  of  the  equilibrium  of 
supply  and  demand  known  simultaneously  over  the  whole  world,  and  the  slower 
movements  of  transport  to  restore,  equilibrium,  are  still  far  from  the  power  of 
scientific  prevision,  and  all  we  can  do  at  present  is  to  point  out  certain  clear  lines 
of  least  resistance,  or  greatest  advantage,  due  to  the  interactions  of  natural  and 
human  causes  and  effects. 

To  sum  up  iu  a  sentence  the  field  and  the  function  of  geography  in  the  broad 
majesty  of  its  completeness,  we  may  say  that  it  is  the  description  of  the  surface 
of  the  solid  Earth  as  it  is  in  itself,  as  it  acts  upon  the  ocean,  the  air,  and  the  living 
things  which  inhabit  it,  and  ns  it  is  affected  in  turn  by  their  actions. 

CiPoyraphy  and  tha  Xtrttfi. 

Viewed  thus  I  believe  that  .-.•<  .::•,-:•!  \  will  lie  found  to  afford  an  important  clue 
to  the  solution  of  every  problem  atleeting  the  mutual  relations  of  land  and  people, 
enlightening  the  course  of  history,  anticipating  the  trend  of  political  movements, 
indicating  the  direction  of  sound  industrial  and  commercial  development. 

It  would  be  possible,  unfortunately  it  would  be  easy,  to  enumerate  misconcep- 
tions of  history,  blunders  in  boundary  settlements,  errors  in  foreign  policy,  useless 
and  wasteful  wars,  mistakes  in  legislation,  failures  in  commercial  enterprise,  lost 
opportunities  in  every  sphere,  which  are  duo  to  tho  neglect  of  such  a-  theo- 
retical geography.  Surely  it  is  to  the  laws  defining  the  interaction  of  Nature 
and  Wan  that  we  should  turn  for  guidance  in  such  affairs,  rather  than  to  the  dull 
old  British  doctrine  of  '  muddling  through/  That  vaunted  process  after  all  moans 
that  we  are  driven  by  stress  of  facts  to  do  without  !•.!••!  i'1..  it  or  knowing  how, 
and  at,  immense  expense,  the  very  things  that  intelligent  study  beforehand  would 
have  shown  to  be  necessary,  feasible  and  cheap. 

All  this  has  been  urged  again  and  again,  and  it  1ms  fallen  on  the  ears  of 
those  in  authority  *  like  a  tale  of  little  meaning  though  the  words  are  strong/  I 
admit  that  all  advocates  of  a  rational  geography  have  not  escaped  the  danger  of 
the  special  pleader — they  have  promised  too  much.  If  a  Government  official  were 
to  say,  'Yes,  J  confess  there  was  a  mistake  here,  the  affair  was  managed  badly, 
much  money  and  some  prestige  were  lost ;  it  must  all  be  done  over  again  ;  pleaeo 
tell  me  how/  I  am  afraid  that  the  chances  are  that  the  answer  would  be  vague, 
general  and  unpractical.  If  the  answer  to  this  boldly  hypothetical  question  is  ever 
to  be  clear  and  definite,  geography  must  be  studied  as  it  has  never  jet  been  studied 
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in  this  country.  It  must  pass  beyond  the  stage  of  a  recreation  for  retired  officers, 
colonial  officials,  and  persons  of  leisure,  and  become  the  object  of  intense  whole- 
hearted and  original  study  by  men  of  no  less  ability  who  are  willing  to  devote, 
not  their  leisure,  but  their  whole  time  to  the  work.  The  object  of  geographical 
research  should  be  nothing  loss  than  the  demonstration  or  refutation  of  what 
we  claim  to  bo  the  central  principle  of  geography — that  the  forms  of  terrestrial 
relief  control  ail  mobilo  distributions. 

A  /'rnjrrtetl  fipoyrajthica?  Description. 

In  order  to  focus  tin;  question  it,  may  be  convenient  to  consider  the  „•  ..T  \\?\\\  • 
or  chorugraphy,  IIH  Ptolemy  would  ha\«  termed  it-  of  the  liritish  Islands.  No 
author  has  over  attempt  od  to  give  such  a  description.  Camd»n'8  *  Britannia' 
was  swamped  by  archeology ;  tho  county  histories,  which  are  certainly  not  deficient 
in  number,  wero  wrecked  outward  bound  on  the  hnrhonr-biir  of  genealogy.  Sir 
John  Sinclair's  old  'Now  Statistical  Account  of  Scotland'  in  the  intelligent  utilisa- 
tion of  very  incomplete  data  was  a  great  but  solitary  stridn  in  the  right  direction. 
Bartholomew's  jrroat  'Atlas  of  Scotland '  supplies  the  cartographical  basis  for  a 
modern  description  of  the  northern  Kingdom  ;  but  the  description  itself  has  not 
been  undertaken  on  an  equal  scale.  The  work  of  producing  a  complete  geo- 
graiihionl  description  of  iht»  Uritish  Islands  would  be  pigantic,  but  not  hope- 
lessly difficult. 

the  material  has  been  collected  at  an  enormous  expenditure  of  public  money, 
and  is  stacked  more  or  less  accessibly,  much  of  it  well-seasoned,  some  I  tear  spoilt 
by  keeping;  but  then*  it  lies  in '<>\ el-whelming  abundance,  heaps  of  building 
maturialM,  but  requiring  the  labour  of  the  builder  before  it  can  become  a  building. 
There  is  (irst  and  chief  the  Ordnance  Survey,  one  of  the grandest  pieces  of  'syork 
in  mathematical  geography  that  lias  ever  been  accomplished.  The  result  is  n 
series  of  maps  almost  as  perfect  as  or.e  can  expect  any  human  work  to  be,  showing 
in  a  variety  of  scales  from  }  of  an  inch  to  L'O  inches  to  a  mile  every  feature  of  the 
configuration  of  the  land-  except  the  lake-beds. 

There  is  next  the  hydropraphic  survey  by  the  Admiralty,  pivinpr  every  detail 
of  tho  .subaqueous  configuration  in  and  around  our  islands-  -except  the  lake-beds. 

These,  two  preat  surveys  supply  the  basis  for  a  complete  description  of  the 
liritish  Islands,  and  the,  pcjlogical  sur\e\,  which  in  a  senso  is  moiv  elaborate  than 
either  of  the  otbors, completes  the  fundamental  part.  The  poolopical  map  makes  it, 
possible  to  explain  many  of  the  forms  of  the  land  by  referring  to  tho  structure  of 
the  rocks  which  compose  thorn.  Hoth  tho  geological  and  hydropraphic  surveys 
are  accompanied  by  memoirs  describing  the  features  antl  discussing  the  various 
questions  arising  from  the  character  of  each  sheet;  Imt  there,  is  nothing  of  the 
kind  for  the  maps  of  the  ordnance  survey. 

The  ordnance  maps  show  at  the  d.ito  of  their  preparation  the  extent  and  also 
the  nature  of  the  woodlands  and  moorlands,  and  this  information  is  supplemented 
by  the  Returns  of  tho  Hoard  of  Agriculture,  which  each  \enr  contain  the  statistics 
of  farm  crops,  waste  land,  and  li  \estock  for  i»\ory  county.  These  returns  are 
excellently  edited  from  the  statistical  point  of  view,  but  they  are  not  discussed 
geographically.  It  is  easy  to  see  in  any  year  how  much  wheat  is  raised  in  each 
county,  but  it  is  a  slow  and  laborious  process  to  disco\or  from  the  Returns  what 
are  tlie  chief  whent-provmip  areas  of  the  country.  Tko  county  is  too  large  a  unit 
for  geographical  study,  as  it  usually  includes  many  types  of  land  form  and  of 
geological  formation.  Before  the  distribution  of  crops  can  bo  understood  or 
compared  with  tho  features  of  the  ground  they  must  be  broken  up  into  parishes, 
or  even  smaller  units,  and  the  results  placed  on  maps  and  generalised.  The  vast 
labour  of  collecting  and  printing  the  data  is  undertaken  by  Government,  and 
paid  for  by  tho  people  without  a  murmur,  but  the  geographer  is  loft  in  ignorance 
for  the  want  of  a  comparatively  cheap  and  simple  cartographic  representation  of 
the  facts. 

Tho  Inspectors  of  Mines  and  the  Board  of  Trade  publish  statistics  of  tho 
industry  and  the  commerce  of  the  country,  statistically  excellent,  no  doubt,  bnt  in 


708  REPORT — 1901. 

most  cases  lacking  the  cartographic  expression  which  makes  it  possible  to  take  in 
the  general  state  of  the  country  from  year  to  year.  The  same  is  true  of  the 
Registrar-General's  Returns  of  births,  marriages,  and  deaths,  in  themselves  an 
admirable  epitome  of  the  health  conditions  of  the  country,  and  of  the  fluctuations 
in  population,  but  limited  by  a  narrow  specialism  to  the  one  purpose. 

Finally  and  chiefly  we  have  the  Census  Reports.  Once  in  ten  years  the 
people  are  numbered  and  described  by  sex,  age  and  occupation.  The  inhabited 
houses  are  numbered,  and  the  smaller  dwellings  grouped  according  to  size.  The 
tigures  are  most  elaborately  classified  and  discussed,  so  as  to  bring  out  the  distri- 
bution of  population,  and  its  change  from  the  previous  decade.  But  to  the 
geographer  the  Census  Reports  are  like  a  cornfield  to  a  seeker  of  bread.  The 
grains  must  be  gathered,  prepared,  and  elaborated  before  the  desired  result  is 
obtained.  Nowhere  is  the  cartographic  method  more  useful  than  here.  It  is 
a  striking  contrast  to  turn  to  the  splendid  volumes  of  the  United  States  Census 
Reports,  many  of  them  statistically  inferior  to  ours,  but  thickly  illustrated  with 
maps,  showing  at  a  glance  the  distribution  of  every  condition  which  is  dealt 
with,  and  enabling  one  to  follow  decade  by  decade  the  progressive  development 
of  the  country,  and  to  study  for  each  census  the  relations  between  the 
various  conditions. 

These  are  only  a  few  of  the  statistical  publications,  produced  by  Government, 
and  embodying  year  after  year  a  mass  of  conscientious  labour,  which,  save  for  a 
few  specialists  who  extract  and  utilise  what  concerns  themselves,  is  annually 
'cast  as  rubbish  to  the  void/ 

One  small  department  supported  by  public  money,  but  under  unofficial 
direction,  may  be  referred  to  as  an  example  of  the  successful  employment  of 
cartographic  methods.  This  is  the  Meteorological  Council,  appointed  by  the 
Royal  Society,  and  charged  with  the  collection  of  meteorological  data  and  the 
publication  of  weather  reports,  forecasts,  and  storm  warnings.  The  maps 
published  twice  daily  to  show  the  distribution  of  atmospheric  pressure  and  tempe- 
rature are  only  rough  sketches  and  very  much  generalised,  yet  they  serve  the 
purpose  of  presenting  the  facts  in  a  graphic  form,  yielding  at  a  glance  information 
which  could  only  be  extracted  from  tables  by  long  and  laborious  efforts.  The 
pilot  charts,  published  monthly  by  the  same  department,  showing  the  average 
conditions  of  air  and  sea  over  the  whole  North  Atlantic,  and  the  occasional 
atlases  of  oceanographical  data  are  valuable  geographical  material. 

The  official  work  of  Government  is  supplemented  by  the  voluntary  labours  of 
many  societies,  in  whose  Transactions  much  valuable  material  is  stored,  and  in 
not  a  few  cases  is  well  discussed.  But  even  with  these  supplements  gaps  remain 
which  must  be  filled  by  private  enterprise  before  a  complete  geographical  descrip- 
tion can  be  compiled. 

Considering  the  Ordnance  Survey  alone  it  is  much  to  be  regretted  that  cir- 
cumstances have  prevented  the  extension  of  the  survey  to  the  lake-beds,  whatever 
reason  may  bo  assigned  for  the  omission ;  yet  such  is  the  fact.  The  directors  of  the 
Survey  have,  however,  shown  themselves  ready  to  encourage  private  workers  by 
placing  the  data  presented  by  them  upon  the  maps  with  duo  acknowledgment. 

The  Survey  of  the  Lafos. 

It  is  with  profound  satisfaction  that  I  now  make  an  announcement — by  special 
favour  the  first  public  announcement — of  a  scheme  of  geographical  research  on  a 
national  scale  by  private  enterprise.  Sir  John  Murray  and  Mr.  Laurence  Pullar 
have  resolved  to  complete  the  bathymetrical  survey  of  all  the  fresh- water  lakes 
of  the  British  Islands.  Mr.  Laurence  Pullar  will  take  an  active  part  in  the  pro- 
posed survey,  and  has  made  over  to  trustees  a  sum  of  money  sufficient  to  enable 
the  investigation  to  be  commenced  forthwith  and  to  be  carried  through  in  a 
comprehensive  and  thorough  manner.  It  is  intended  to  make  the  finished 
work  an  appropriate  and  worthy  memorial  of  Mr.  Pullar's  son,  the  late  Mr. 
Fred  Pullar,  who  had  entered  enthusiastically  upon  the  survey  of  the  lochs  of 
Scotland,  and  whose  heroic  death  while  endeavouring  to  save  life  in  Airthrey  Loch 
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last  February  must  be  present  to  the  memory  of  many  of  you.  Large  sums  of 
money  devoted  in  good  faith  to  scientific  purposes  do  not  always  bring  about  tho 
wished-for  result ;  but  in  this  case  there  is  no  room  for  anxiety  on  that  score. 
Sir  John  Murray,  with  whom  Mr.  Fred  Pullar  had  worked  for  sevei  al  years,  has 
generously  promised  to  direct  the  whole  scheme,  and  to  be  responsible  for  carrying 
it  out.  All  the  lakes  of  the  British  Islands  will  be  sounded  and  mapped  as  a 
preliminary  to  the  complete  liinnological  investigation  which  is  proposed.  The 
nature  of  the  deposits,  this  chemical  composition  of  the  water  and  its  dissolved 
gases,  the  rainfall  of  tho  drainage  urea**,  the  volume**  of  the  inilowing  and  out- 
flowing streams,  the  iluct nations  in  the  level  of  the  surface,  the  seasonal  changes 
of  temperature,  and  the  nature  and  distribution  of  aquatic  plants  and  ;miuials  will 
all  receive  attention.  The  geological  history  of  the  lakns  may  also  b«  enquired 
into  with  reference  to  such  point*  n*  tin*  growth  of  deltas,  th"  erosion  of  the 
margins,  and,  perhaps,  the  conditions  ^f  tho  old  dead  lakes  that  are  now  level 
meadows. 

Five  years  at  least  will  be  required  to  make  those  observations  and  to  in- 
corporate them  in  memoirs,  each  of  which  will  be  a  complete  natural  history 
of  tho  lakes  of  one  river  basin.  The  proposed  work  wants  more  than  money, 
direction  and  time.  It  requires  the  services  of  several  young  and  enthusiastic 
workers— preferably  men  who  have  completed  their  University  course  and  are 
anxious  to  devote  som<»  time  to  research.  Sir  John  Murrav  and  Mr.  Pullur 
wish  to  meet  three  or  four  capable  young  fellows,  one  preferably  a  chemist, 
one  a  geologist,  one  a  boUnist,  and  one  a  zoologist.  When  found  they  will 
be  ottered  a  salary  Miilicient  In  enable  thi'in  to  give  their  whole  time  to  the 
work,  but  not  large  enough  to  induce  anyone  who  has  not  the  love  of  science  at 
heart  to  take  it  up.  From  my  experience  when  working  in  somewhat  similar  con- 
dition* at  the  Scott i>h  Marine  Station  seventeen  years  airo.  I  ran  promise  tho^o 
who  will  have  the  good  fortune  to  b»>  Delected  plenty  of  hard  work  for  which 
they  will  get  the  fullest  credit — and  this  they  will  appreciate  more  keenly  when 
they  como  to  know  the  world  better — and  I  can  promise  them  also  in  their 
association  with  Sir  John  Murray  a  course*  of  scientific  and  intellectual  training 
such  us  even  the  universities  do  not  ailbrd. 

Othrr  Dcsirulh  Surwy*. 

The  Geological  .Map  requires  to  be  supplemented  by  additional  work  on  tho 
nature  of  the  superficial  soil  as  it.  affects  agriculture,  such  as  is  expiessed  in 
the  CtrrtM  affriHiomir/HPn  of  France,  going  more  fully  into  the  chemical  nature  of 
the  soil  than  i^  possible  ou  the  Drift  Map*  of  the  Survey  which  so  usefully  supple- 
ment the  maps  of  solid  geology.  Such  experiment*  us  have  been  made  at  the 
College  at  Heading  in  collecting  analyses  of  the  soils  in  tho  ne'^ib-mrh  •  '•!  might 
very  well  be  carried  out  at  the  agricultural  colleges  and  other  centres  all  over  the 
country. 

Of  equal  value,  though,  pel  haps,  more  obviously  so  to  tho  scientific  than  to 
the  *  practical'  mini,  is  the  study  of  tho  natural  vegetation  of  the  country.  In  a 
highly  cultivated  land  like  ours  there  are  comparatively  few  places  where  the 
native  ilura  remains  in  possession,  but  the  mapping  of  the  main  crops  which  have 
supplanted  it  is  nearly  as  useful.  To  become  satisfactory  from  this  point  of  view, 
the  statistics  of  the  Board  of  Agriculture  ought  to  be*suppleraented  by  surveys 
mad*1  by  trained  botanists  on  the  ground.  A  valuable  beginning  has  been  mode 
Tinder  the  ever-fertile  stimulus  of  Professor  Patrick  (-icddes  in  the  two  sheets  of  a 
map  of  tho  plant-associations  of  Scotland  compiled  by  the  late  Robert  Smith, 
whose  premature  death  lust  year  was  a  loss  to  science.  It  would  be  a  splendid 
thing  if  this  map  could  be  finished  as  a  memorial  to  the  brilliant  young  botanist  in 
the  same  way  as  tho  survey  of  tho  lakes  is  proposed  as  a  memorial  worthy  of 
Fred  Pullar,  and  1  am  glad  to  learn  that  there  is  some  probability  of  it  being 
carried  on. 

Of  all  tho  other  distributions  which  might  bo  worked  oiit  cartographically 
time  fails  us  to  speak ;  but  reference  must  bo  made,  however  briefly,  to  a  few. 

1901. 
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Geography  of  the  Air. 

With  regard  to  Meteorology,  the  distribution  of  temperature  and  pressure 
over  the  British  Islands  for  the  year  and  for  the  separate  months  have  been 
worked  out  by  the  experienced  hand  of  Dr.  Buchan  and  published  both  in 
separate  memoirs  and  in  the  •  Meteorological  Atlas/  edited  by  Dr.  Buchan 
and  Dr.  Herbertson.  But  such  observations  as  the  dcgreo  of  cloud  or  of 
sunshine  can  as  yet  be  treated  only  in  a  superficial  and  generalised  way  for 
want  of  data.  Perhaps  the  most  important  and  certainly  the  most  difficult  of 
all  the  atmospheric  conditions  to  discuss  fully  is  precipitation.  It  depends  on  so 
many  varying  conditions,  such  as  the  form  and  exposure  of  the  land,  the  altitude 
above  sea-level,  the  direction  and  force  of  the  wind,  the  relative  frequency  of 
thunderstorms,  the,  distance  from  the  sea,  the  direction  of  the  average  paths  of 
cyclonic  storms,  &c.,  that  far  more  numerous  and  more  long- continued  observa- 
tions are  required  to  establish  the  normal  condition  of  the  country  than  in  the. 
case  of  either  temperature  or  pressure.  When  we.  rdlect  that  the  whole  water- 
supply  of  the  country  depends  directly  on  rainfall,  and  when  wo  remember  that 
the  value  of  water-power  made  available  by  diilerences  uf  level  promises  to  be 
greater  in  the  future  than  it  has  been  in  the  past,  we  can  see  that  a  st  udy  of 
rainfall  in  conjunction  with  <•  ,iilL-ii,i!i"ii  may  prove  as  valuable  for  the  localisa- 
tion of  the  manufacturing  ciriiiitM  •»,  ill-  future  as  the  geological  survey  was  for 
those  of  the  present. 

Thanks  to  the  remarkable  foresight  and  the  untiring  exertions  of  the  late 
Mr.  Symons,  the  volunteer  rainfall  observers  of  this  country  have  been  encouraged 
to  organise  their  etibrts,  and  by  working  on  a  common  plan  have  accumulated 
within  the  last  forty  years  a  mass  of  observations  unrivalled  for  number  and  com- 
pleteness in  any  other  land.  But  as  yet  the  difficulties  in  the  way  of  constructing 
a  map  of  normal  rainfall  on  an  adequatn  scale  have  not  been  overcome,  and  much 
experimental  work  will  probably  be  necessary  before  it  can  be  accomplished.  To 
this  task  it  is  mY  ambition  to  devote  myself.  I  may  be  permitted  to  stato  that 
Scotland  is  far  "behind  England  or  Wales  in  the  number  of  rain  full  stations  per 
square  mile.  Thus  there  is,  roughly,  one  rain-observing  station  for  e,very  ^0 
square  miles  of  England,  one  for  every  .10  square  miles  of  Wales,  but  only  one 
for  every  67  square  miles  of  Scotland,  and  one  for  every  170  square  miles  of 
Ireland. 

Rainfall  observations  only  tell  the  amount  of  available  water  ;  the  con- 
figuration of  the  stream-beds  must  be  considered  in  determining  water-power. 
The  only  country  I  know  whore  the  horse-power  of  the  rivers  has  been  measured 
and  mapped  is  Finland,  but.  of  cour.se  individual  rivers,  such  as  the  Mississippi, 
Rhine,  Seine,  and  Thames,  have  been  thoroughly  studied.  Before,  many  decades 
have  passed  it  will  be  a  necessary  element  in  the  surveys  of  all  countries,  though 
at  present  the  available  data  are  few  and  scattered. 

Popti  I  at  ion  Maps. 

In  considering  human  geography  wo  come  to  the  most  interesting  and  least 
occupied  field  of  research.  Until  Mr.  Bosse  constructed  his  beautiful  maps  of  tho 
density  of  population  of  Scotland  and  England  we  had  absolutely  no  carto- 
graphical representation  of  the  true  distribution  of  people  over  the  land.  To  map 
population  by  counties  gives  a  very  poor  idea  of  the  truth,  for  in  such  counties  as 
Yorkshire  or  Perthshire  there  are  large  areas  entirely  without  inhabitants,  and 
small  areas  where  the  population  is  very  dense.  Mr.  B*bs,so's  maps  wore  made  on 
the  principle  of  leaving  blank  all  the  land  on  which  there  were  no  dwrlliiiir-hou.-es, 
and  so  obtaining  a  close  approximation  to  the  true  density  of  population  of  the 
inhabited  area.  For  Scotland  his  map  shows  at  onre  that  it  is  a  function  of 
conBguration.  It  shows  the  densely  peopled  lowland  plain,  the  lens  densely 
peopled  coast-strip  surrounding  the  country,  and  the  least  densely  peopled  valleys 
running  inland  into  the  great  uninhabited  areas.  The  population  map  of  England, 
on  the  other  hand,  shows  an  absolutely  startling  relation  to  the  geological  structure, 
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•which  in  turn  is  closely  related  to  tlie  configuration.  "VVe  are  not  astonished  to 
see  the  centres  of  densest  population  coinciding  with  the  Coal  Measures,  but  it 
is  both  surprising  and  instructive  to  see  how  the  density  of  population  runs 
parallel  to  the  strike  of  the  Secondary  and  Tertiary  rocks  of  south-eastern 
Enurland,  a  baud  of  the  lightest  population  following  each  outcrop  of  chalk  and 
limij-lone,  a  "band  of  dense  population  following  each  bolt  of  sandstone  or  clay. 

Anthropo-geography  teenib  with  fascinating  subjects  of  research.  The  admi- 
rable investigations  in  the  West  of  Ireland  on  the  physical  anthropology  of  the 
people  might  well  be  extended  to  the  whole  country  outside  the  great  towns, 
where  all  evidence,  of  place  of  origin  and  original  character  is  speedily  lost.  Good 
work  has  been  done  in  this  way  by  the  Kthnographic  Survey  promoted  by  a 
committee  of  this  Association,  and  a  committee  or  the  Tloyul  Scottish  Geo- 
graphical Society  has  rendered  great  aid  to  the.*  Ordnance  Survey  in  the  cognate 
study  of  the  place-names  of  Scotland. 

The  distribution  of  religion,  ev<-n  in  the  threo  topical  forms  of  Anglican, 
Presbyterian,  :;ml  iJonian  Catholic  —  form*  so  typical  as  to  be,  broadly  speaking, 
national  —  is  most  imperfectly  known.  The  obj<  ction  to  a  religious  census  is  one 
which  is  somewhat  difficult  of  coir  prehension  in  Scotland,  and  too  polemic  for 
sober  <li  kcu«sinu  in  Knylaiul.  But  a  few  of  the  problems  are  worth  being  worked 
out  by  individuals.  The  curious  islands  of  Itoman  Catholic  continuity  in  Lunca~ 
shire,  the  Hebrides  and  the  Highlands  can  probably  be  related  simply  enough  to 
the  configuration  of  the  country  and  the  means  of  communication  as  influencing 
free  mo\einent  of  people  at  critical  period**  of  history.  There  are  many  inter- 
esting poiirN  ii*  to  the  geographical  distribution  of  surnames,  the  relation  of 
i  hanietpri-tiisliteiature  or  poetn  to  specific  areas;  things  small  in  themselves,  btit 
capable  of  exercising  very  tar-reaching  influence  if  systematically  worked  out. 


Granted  that  the  subsidiary  sui\e\<  luue  been  made  ami  the  resulls  put  in  a 
strictly  comparable  form,  the  c  ential  problem  remains  —  the  synthesis  of  the  complete 
geography  of  the  country.  Thiv  can  perhaps  lx>  stihed  best  by  comparing  the  maps 
of  the,  various  distributions  in  the  proper  order,  and  seeing  how  far  they  are 
related  to  one  another.  1'or  the  general  discussion  the  Oidnance  Map  oil  the 
scale  of  I  inch  to  n  mile  should  be  u-cd,  and  each  natural  region  ought  properly  to 
be  treated  by  itself,  but  as  a  matter  of  practical  convenience  it  would  probably  be 
found  best  to  select  either  the  artificial  boundaries  of  counties  or  the  still  more 
arbitrary  lines  hounding  sheets  of  tin*  map.  Whate\er  small  area  is  taken  as 
the  unii  of  description,  it  should  he  treated  in  such  a  way  as  to  seek  for  and  prove 
or  dispnue  the  existence  of  any  control  exercised  by  the  form  of  the  land  and  its 
geological  character  on  the  outcrops  of  the  rocks,  the  nature  of  the  soil,  the  course 
of  the  rivers,  the  temperature  and  movements  of  the  air,  the  rainfall,  the  vegetation 
and  agriculture,  the  distribution  of  population,  the  sites  of  to\\ns,  ullage*,  and 
isolated  dwellings,  the  rnnds,  railways  and  harbours,  the  birth-rate  and  death-rate, 
and  on  the  progress  \e  changes  in  all  these  conditions  which  are  shown  in  the 
discussion  of  the  statistics  collected  annually  or  decennially.  When  such  unit 
areas  are  worked  out  individually  the  results  can  easil\  be  combined  and  condensed 
into  a  geographical  description  that  will  lie  complete,  well  balanced,  and  sym- 
metrical. The  work  is  practicable  :  it  requires  only  time,  money,  direction  and 
workers  to  <  tarry  it,  out  :  but  although  a  specimen  memoir,  prepared  by  the 
authority  of  the  Royal  (leographical  Society,  im-t  with  a  certain  measure  of 
approval,  all  attempts  failed  to  obtain  funds  for  making  the  \\ork  complete,  and 
the  scheme  must  await  a  more  educated  generation  before  it  can  bo  profitably 
revived  in  its  entirety.  .Meanwhile  this  field  for  geographical  study  and 
research  lies  at  the  doors  of  every  university  \\hero  the  subject  is  or  may  pe 
recognised,  and  the  labours  of  professors  and  students  might  be  profitably 
directed  to  the  completion  of  such  memoirs  tor  the  surrounding  district,  gradually 
working  further  and  further  afield.  The  idea  is  no  more  new  than  every  other 
'  thing  under  the  sun.'  Such  exorcises,  not  so  elaborately  planned,  but  the  same 
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in  essentials,  were  ordinary  subjects  for  theses  in  the  universities  of  Sweden  and 
Finland  during  the  eighteenth  century  To  come  nearer  home,  the  local  handbooks 
prepared  for  successive  meetings  of  the  British  Association  are  frequently  very  fair 
examples  of  the  geographical  description  of  a  district.  The  essenti.il  qualities  are 
rarer  in  guide-books,  but  we  must  not  forget  one  brilliant  exception,  the  poet 
AVordsworth's  'Guide  to  the  English  Lakes/ 

It  is  pleasant  to  hear  that  through  the  encouragement  of  Sir  John  Murray  the 
Scottish  Natural  History  Society  is  taking  up  the  systematic  study  of  the  basin  of 
the  Forth,  and  they  will,  I  feel  sure,  give  a  good  account  of  their  labours.  One 
point  which  must  be  very  strongly  emphasised  is  that  a  geographical  treatise  is 
distinguished  from  a  jumble  of  facts  mainly  by  the  order  and  proportion  in  which 
the  phenomena  are  dealt  with,  and  by  the  relation  of  causo  and  effect  that  is 
established  between  them. 

As  to  the  utility  of  complete  geographical  descriptions,  we  must  of  course 
recognise  their  greater  practical  importance  in  new  iind  developing  countries  than 
in  old  lands  like  our  own.  Yet  even  with  us  the  study  of  the  distribution  of 
natural  resources  may  suggest  important  changes,  involving1  great  redistributions 
of  population, 

A  Geographical  Warninr/. 

Hitherto,  except  as  regards  exploration  and  cartography,  the  position  of 
geography  in  this  country  has  never  been  satisfactory.  Times  are'changing,  and  even 
in  exploration  we  are  now  only  one  amongst  many  rivals,  often  better  equipped  by 
education,  usually  in  no  way  deficient  in  daring;  Although  the  best,  work  of 
several  of  our  cartographers  in  Edinburgh  and  London  need  fear  no  comparison, 
we  cannot  conceal  the  lact  that  Germany  load*  the  world  in  in,i]>-iiiiil%injr.  As 
regards  the  recognition  or  even  the  comprehension  of  geograpln  In  t hi*  Stair,  by 
the  universities  and  by  the  public,  \ve  are  equally  far  behind  our  neighbours  across 
the  North  Sea. 

It  has  sometimes  been  hinted  that  tho  study  of  geography  has  been  deliberately 
discouraged  by  politicians  or  by  merchants  bccaiiH)  too  much  knowledge  on  tho 
part  of  the  public  might  embarrass  foreign  policy  or  lead  to  mercantile,  competi- 
tion; but  we,  surely  cannot  entertain  such  unworthy  suspicions.  I  nm  inclined  to 
attribute  the  neglect  of  tho  subject  merely  to  ignorance  i»f  its  nature  due  to 
imperfect  education. 

Two  cases  in  which  the  application  of  geography  to  political  and  practical 
affairs  suggests  a  definite  course;  of  action  may  be  mentioned  as  examples.  Then) 
is  still  one  important  colonial  boundary  entirely  undelimited  in  a  region  somewhat 
difficult  of  access  and  still  little  known,  where  goldiields  will  probably  be  found 
or  reported  before  long,  and  where  a  very  serious  international  question  may 
suddenly  arise  in  a  part  of  tho  world  absolutely  unsuspected  by  most  people,  eveii 
amongst  those  who  interest  themselves  in  general  politics  and" in  colonial  affairs. 
It  would  cost  a  comparative  trifle  to  survey  the  region  in  question,  and  to  lay 
down  that  boundary  line  before  the  gold  field  8  nru  touched,  so  that  no  international 
trouble,  could  ever  arise.  What  it  may  cost  to  postpone  tho  matter  until  claims 
have  been  pegged  out  on  debatable  land,  the  British  Guiana  and  Vene/iusla 
arbitration,  the  Alaska  difficulty,  and  South  Africa  are,  there  to  tell  us.  It  would 
be  interesting  to  calculate,  now  that  the  cost  of  a  week  of  fighting  is  known,  tho 
saving  in  pennies  on  the  income  tax  that  would  have  accrued  from  a  survey  of 
South  Africa  if  that  had  been  carried  out  as  an  imperial  duty  when  Capo  Colony 
was  settled.  I  do  not  for  a  moment  suggest  that  a  survey  would  have  pre\onted 
the  war ;  but  it  is  not  unreasonable  to  believe  that  it  would  have  shortened  it  by 
some  months.  In  this  connection  it  is  satisfactory  to  know  that  a  valuable  report 
has  been  drawn  up  by  a  Committee  of  the  British  Association,  presided  over  bv 
Sir  Thomas  Holdich,  embodying  a  schemn  for  the  systematic  survey  of  British 
protectorates. 

The  second  example  comes  nearer  home.  The  utilisation  of  wind-  and  water- 
power  must  increase  in  importance  as  mineral  fuel  diminishes  in  amount  or 
increases  in  price.  Wind-  and  water-power  will  never  fail  as  long  an  tho  sun  shines 
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and  the  land  remains  higher  than  the  sea  ;  but  what  may  fail  unless  timely  pre- 
cautions arc  taken  is  the  power  of  utilising  them  for  the  benefit  of  the  community 
at  large.  Are  the  existing  laws  as  to  water-rights,  and  the  absence  of  laws  as  to 
the  utilisation  of  wind  desirable  and  satisfactory?  The  usual  answer  to  such 
questions  is, '  Why  trouble  about  that  just  now  Y  These  mutters  are  not  urgent, 
other  things  are.'  That  argument  is  answerable  for  many  disasteis.  The  inevit- 
able is  hi  many  if  not  in  most  cast's  simply  another  name  for  the  unforeseen.  It 
is  inevitable  that  the  country  will  bo  impoverished  if  the  utilisation  of  wind-  and 
water-power  nnd  the  transpoit  of  that  power  by  electricity  are  not  widely  safe- 
guarded and  prox  ided  Jbr  ;  but  when  a  survey  of  our  resource.-,  the  circulation  of 
the  air  over  our  islands,  and  the  effects  produced  by  the  interposition  of  the  moun- 
tains, plateaus,  and  vallexs  upon  it,  plainly  points  to  the  possibility  of  such  a 
trouble,  it  only  becomes  inevitable  as  a  result,  of  culpable  negligence. 

These  two  'example*1.,  which  will  not  strike  anyone  whom)  mind  is  wholly  oc- 
cupied in  paying  the  penalties  of  old  neglect,  illustrate  my  contention  that  a  com- 
plete geographical  description  based  on  full  investigation  is  of  the  highest  and 
most  urgent  importance,  not  for  this  country  only,  but  for  the  Empire,  and  lor 
every  country  in  the  world. 

Nor  is  it  tin-  land  alone  which  claims  attention.  It  is  of  the  utmost  importance 
to  investigate  and  evaluate  the  resources  of  the  surrounding  seas.  The  recent 
International  Conference  for  the  exploration  of  the  sea  held  at  Christ inuia  formu- 
lated a  scheme  of  research  which  has  been  taken  up  enthusiastically  by  Helgium, 
Holland,  Germain,  Penmaik,  Kussia,  Sweden  and  Norway.  Its  object  is  to 
place  the  fisheries  of  Northern  Kurope  on  a  scientific  basis,  and  to  make  for  that 
purpose  a  comprehensive  survey  of  the  sea,  which  will  prove  of  high  value  to 
meteorology,  nnd  through  it  1o  agvuM'lture  as  well.  The  recent  work  by 
Mr.  II.  X.  Dickson  on  the  circulation  of  the  surface  waters  of  the  North  Atlantic 
in  conjunction  with  similar  work  by  Profc>.>or  IVttersson  in  Sweden  shows  how 
hopeful  such  researches  are  from  the'pureh  scientific  standpoint,  and  their  practical 
importance  is  no  h-s.  It  remain*  wiih  our  Government  to  show  that  this 
country  i*  not  inditl'erent  to  an  opportunity,  such  as  has  never  presented  itself 
befoic,*of  placing  one.  of  our  great,  national  industries  en  a  Imsi4  of  scientific 
knowledge.  This  N  in  my  belief  one  of  the  ca«e<  in  which  the  expenditure  of 
thousands  now  will  mean  the  saving  of  millions  a  few  years  hence. 

It  is  magnificent  to  send  out  polar  expedition*;  they  speak  volumes  for  the 
greatness  of  the  human  mind  that  can  gixo  itself  to  the  ad'x  ancenient  of  knowledge 
for  Ihe  sake  of  knowledge,  knowing  that  it  will  bring  no  material  gain;  and  I 
trust  that  such  a  spirit  xxill  continue  to  manifest  it  sell  until  iu»  spot  on  Karth,  no 
land  however  cold  "or  hot,  no  depth  of  sea,  no  farthest  limit  of  the  atmosphere 
lenmins  misearehcd  and  its  lesion  unlearnt.  JUit  1  insist  that  the  full  study  of 
our  own  country  is  on  a  totally  different  footing.  Magnificent  it  may  be,  too,  but 
sternly  practical,  since  it  is  absolutely  essential  for  our  future  well-being,  and  even 
for  the  continuance  of  the  nation  as  a  Poxxer  amongst  the  state*  of  the  world. 
Still,  there  is  every  probability  that,  such  work  xvill  be  neglested  until  the  events 
which  it  should  axert  are  upon  us,  and  then  it  will  be  too  lute  to  make  provisions 
which  now  could  be  done  cheaply,  easily,  and  effectively. 

A   Frojiost  d  Jfanieify. 

The  fexv  attempts  which  have  been  made  in  this  country  to  promote  the  study 
of  geography  or  to  diminish  the  discouragements  to  geographical  research  have 
had  but  slight  success.  Much  has  been  done  to  improve  geographical  teaching 
by  the  Hoyal  Geographical  Society,  the  Hoxal  Scottish  Geographical  Society,  the 
Geographical  Association,  this  Section  of  the  British  Association,  and  other 
bodies;  but  that  is  not  my  theme.  I  refer  to  the  little  that  has  been  done 
towards  the  elaboration  'of  a  geographical  theory  nnd  the  elucidation  of 
geographical  processes.  Amongst  the  not  inconsiderable  number  of  teachers  of 
geography  in  the  Universities  and  colleges  of  Great  Britain  there  in  not  one 
man  who  receives  a  salary  on  which  he  can  live  in  decent  comibit  so  as  to 
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devote  all  his  time,  or  a  substantial  part  of  it,  to  geographical  research ;  and  the 
sa.ne  is  true  of  every  official  of  all  the  geographical  societies.  Not  one  is  paid  a 
salary  sufficient  to  enable  him  to  devote  the  time  not  occupied  by  mechanical 
routine  to  any  other  purpose  than  supplementing  his  income  by  outside  work — 
writing  text-books,  correcting  exami nation  papers,  perhaps  even  practising 
journalism.  If  by  an  effort  and  the  sacrifice  of  some  of  the  comforts  considered 
necessary  by  most  people  of  the  professional  classes  he  devotes  a  few  odd  hours 
now  and  then  to  some  original  research,  he  finds  very  fow  to  consider  it  seriously; 
some  friendly  expressions  of  opinion  possibly,  but  scarcely  a  reader  ;  and  it  counts 
for  nothing,  save,  perhaps,  in  enhancing  the  leputation  of  his  country  in  other 
lands  where  scientific  work,  no  matter  in  what  department,  is  valued  in  a  due 
degree.  All  this  must  be  changed  before,  much  progress  can  bo  made  No  doubt 
a  giant  of  genius  would  ignore  all  obstacles  an-i  pursue  his  work  regardless  of 
recognition;  but  such  giants  are  not  to  be  looked  for  many  times  in  a  century. 
It  should  be  made  possible  for  a  man  of  fair  abilities  to  receive  as  much  oppor- 
tunity, encouragement,  recognition  and  reward  for  good  work  in  geography  as 
for  good  work,  let  us  say,  in  chemistry  or  electricity.  That  is  all  that  can  reason- 
ably be  asked,  and  that  is  what  is  freely  accorded  in  other  countries  where  the 
status  of  the  man  of  science  is  higher  than  it  is  with  in.  It  is  Iu»*t»  that  help 
may  bo  hoped  for  from  the  Scottish  Universities  in  the  strength  o  .heir  new 
endowments.  If  a  Chair  of  Geography  wore  instituted  with  th«J)OSllyo<e  of 
promoting  research  first  and  teaching  afterwards,  properly  equipped  *>  ?  hooks, 
maps,  and  apparatus,  and  held  on  the  understanding  that  no  outside  ^ull}l)e(*as  to 
be  undertaken,  something  might  yet  be  done  to  restore  our  con*1  wor*  the 
position  it  held  a  century  and  a  half  ago,  when  a  text- book  of  •  ''  ' ll  '"  !*••- 
published  without  a  thought  of  sarcasm,  containing  a  frontispij'.  ^ *"nff'  -ting 
•Britannia  instructing  Europe,  Asia,  Africa,  and  America  in  *e  ^tato>  .  o{ 
Geography/  (>»^™**  a^r' 

'«  \  delihenitel 
The  following  Papers  and  Report  were  read : —  >f    led^e  on  tl 

1.  Martin  Jlehaim  of  Nurnlwrg,  1459-1507.     liy  E.  0.  ^  ^inclined  IN'- 

Martin  Behaim  of  Nurnberg  fills  a  place  of  some  prominence  in  "^°  "ue  ^  of 
geography  on  three  grounds:  firmly,  the  famous  historian  .Toilo  $  . -ron, 
writing  in  15$),  tells  us  that  ho  was  a  pupil  of  I?  •  '  .  .  •  !  wa.^rarj*ointed 

jointly  with  Master  Kodrif! ues  and  Master  . I os^  , ',  rnmti.iitce  who 

devised  a  method  of 'ium<ratin^  h\  the  sun,'  which  hud  become  nece^ary  «-inco 
the  Portuguese  had  crowed  the  equator,  nn<l  left  behind  them  the  pole  star  to 
determine  thuir  latitude ;  socondlx,  Beliaim  claims  to  have  commanded  a  v«"<sel 
in  Cao's  memorable  second  expedition  :  and  thirdly,  durinjr  a  vMt  to  Xurnberg, 
in  1490-1493,  he  superintended  the  manufacture  of  a  terrestrial  globe,  which  sur- 
vives to  this  day,  and  is  the  most  ancient  geographical  monument  of  lhat  kind  in 
existence.  As  to  the  first  point  wo  may  well  doubt  whether  Hehaim  was  a  pupil 
of  the  great  Franconian  astronomer,  for  lte»iomontanus  lefr  Number^  in  July 
1676,  and  Behaim  was  intended  for  a  commercial  and  not  for  a  scientific  career. 
We  know,  on  the  other  hand,  that  Joso  Visinho,  the*  Josapo  of  de  Burros  nud  a 
pupil  of  the  astronomer  Xacuioof({uimarjles,  actually  did  translate  the  '  Aimanach 
Perpetuum'  of  his  master  (it  was  printed  at  Leiria  in  1490),  and  in  1481  under- 
took a  voyage  to  the  Guinea  coast  for  the  erspecial  purpose  of  determining  the 
latitudes  with  the  aid  of  the  astrolabe  and  the  tables  of  the  declination  of  the  sun, 
furnished  by  Zacuto.  Behaim  may  have  accompanied  Jose  on  this  voyage.  Jt 
has  been  suggested  that  he  introduced  into  the  Portuguese  navy  an  '  improved f 
astrolabe,  the  cross-stall' or  the  '  Ephemerides '  of  Regiomontanus ;  but  these  arc 
mere  idle  conjectures. 

Nor  can  wo  admit  that  Behaim  was  a  member  of  (!jlo's  second  expedition, 
which  left  Lisbon  towards  the  close  of  I486  and  was  back  before  August  1480. 
Behaim's  own  account  we  gather  from  the  legends  on  his  globe  and  information 
evidently  communicated  by  him  to  llartmann  Schedel,  the  compiler  of  the  well- 
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known  '  Liber  Chronicorum/  He  claims  to  have  left  Portugal  in  1484  in  com- 
mand of  one  vessel,  the  other  being  commanded  by  Cao ;  to  have  set  up  a  Padrao 
on  Monte  Negro  on  January  18, 1485;  and  to  have  turned  homeward  after  a 
voyage  of  2,300  leagues.  As  measured  on  his  globe  these  2,300  leagues  would 
have  carried  him, far  beyond  the  Cape  of  Good  Hope,  to  a  'Prom.  S.  Bartholomeo 
viego/  whilst  Cao  turned  back  on  a  Cabo  Negro  (now  known  as  Cape  Cross)  in 
15°  14'  S.  If  Behaim  was  knighted  on  Friday,  February  18,  1485  (day  of 
the  week,  date,  and  year  are  in  agreement),  he  cannot  have  set  up  a  pillar  on 
January  18,  1485.  But  even  supposing  all  these  inconsistent  dates  of  his  to  be  due 
to  lapses  of  memory,  wo  should  still  hesitate  to  admit  his  having  been  a  companion 
of  that  famous  explorer,  still  less  would  a  man  who  wrote  in  1403  that  'the 
polar  star  not  being  visible  to  the  south  of  the  equator  and  the  magnet  refusing 
to  act  the  navigators  are  constrained  to  make,  their  course  with  the  aid  of  the 
astrolabe '  have  been  placed  in  command  of  a  Portuguese  vessel.  Behaim  has 
nothing  to  say  about  the  powerful  Manicongo  '  discovered '  by  C3Lo,  but  seems  to 
know  everything  about  King  Furfur's  Land  (Benin),  where  the  '  Portugal  pepper ' 
was  discovered  in  1 485 ;  about  the  mysterious '  Ogane,'  supposed  to  be  Prester  John ; 
and  about  the  great  mortality  in  the  Gulf  of  Guinea  owing  to  the  heat.  But 
these  art*,  experiences  of  the  expedition  of  Jo£o  Aflbnso  d'Aveiro,  who  left 
Portugal  in  1485  and  returned  in  148(5  in  time  for  Behaim  to  enter  into  a  f^™* 


( Vto 

As  Io  the  globe  still  to  be  seen  at  Xurnberg  there  is  no  doubt  that  it  was  pro- 
duced under  his  direction,  ami  T  propose  shortly  to  publish  a  full  description  of  it, 
together  with  a  trustworthy  facsimile. 


2.  Report  on  the  Climatology  of  Tropical  Africa.— See  Reports,  p.  383. 
3.  Morphological  Jlap  of  Europe.     J>y  Dr.  A.  J.  HERBERTSON. 

4.  Geographical  Conditions  affecting  British  Trade. 
/;//  (Jeo.  G.  CHISHOLM,  J/.A,  J5..SV.1 

Fluctuations  in  British  trade  are  often  discussed  as  if  they  depended  solely  on 
such  matters  a*  turilft  and  bounties,  the  ignorance  and  negligence  or  knowledge 
and  enterprise  of  merchants,  the  behaviour  of  masters  and  men  among  the  indus- 
trial classes,  railway  rates,  and  so  forth.  It  may  then-fore  be  worth  while  to  call 
attention  to  some  obvious  facts  showing  that,  "geographical  conditions  are  im- 
portant factors  to  he  taken  into  account  in  considering  such  changes. 

The  history  of  (Jlasgow  furnishes  a  very  int .Testing  illustration  of  this  truth. 
Throughout  the  separate  history  of  Scotland,  Glasgow  wns  a  town  of  quite  minor 
importance.  Not  till  trans-Atlantic  trade  developed  did  it  rise  to  the  position  of 
an  important  commercial  and  industrial  city.  In  considering  this  rise  it  is  im- 
portant to  note  that,  in  relation  to  such  trade,  the  physical  configuration  of  Scot- 
land gives  to  Glasgow,  as  its  hinder-land,  not  merely  the  small  vail ey^of  the  Clyde, 
but  all  the  originally  richer  eastern  lowlands  of  Scotland  from  the  Grampians  to 
the  Tweed. 

In  (liM'tiN-iiif!  the  subject  of  the  Paper  with  reference  to  the  t  mted  Kingdom 
as  a  whole,  it  will  be  convenient  to  distinguish  between  commercial  and  industrial 
advantages  or  disadvantages,  even  although  these  act  and  react  on  one  another. 

Commercially,  this  country  has  a  situation  presenting  unparalleled  advantages 
in  relation  to  those  parts  of  the  world  most  conveniently  reached  from  the 

1  Published  in  full  in  the  Geographical  Journal,  October  1901. 
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seaboard,  but  no  others.  The  importance  of  these  advantages  is  well  illustrated 
by  the  great  magnitude  and  the  remarkable  constancy  in  the  relative  value  of 
the  British  entrepot  trade,  and  also  by  the  rapid  development  and  continued 
pre-eminence  of  our  chief  textile  industry,  that  of  cotton. 

Such  being  the  essential  nature  of  British  commercial  advantages,  all  improve- 
ments in  connection  with  shipping,  the  change  from  wood  to  iron  and  steel  as 
ship-building  materials,  the  change  from  sails  to  steam  as  a  means  of  propulsion, 
the  improvement  of  marine  engines,  the  enlargement  of  ships,  the  improvement 
and  enlargement  of  harbours,  the  improvement  of  the  means  of  communication 
between  the  seaboard  and  the  interior  in  all  parts  of  the  world,  have  tended  in 
the  aggregate  more  to  the  advantage  of  this  country  than  any  other. 

On  the  other  hand,  all  improvements  in  the  means  of  communication  between 
inland  centres  of  production  and  inland  markets  have  tended  to  diminish  the 
relative  value  of  the  commercial  position  of  this  country.  This  consideration  is 
illustrated  by  reference  to  some  facts  in  the  history  of  the  trade  of  Germany  with 
surrounding  countries,  and  that  of  the  United  States  with  Mexico  and  Canada. 

The  industrial  advantages  of  the  United  Kingdom  depend  on  the  great 
abundance  of  coal  and  iron  ore  in  convenient  situations.  It  is  obvious,  however, 
that  the  development  of  similar  resources  elsewhere  must  reduce  the  relative  value 
of  these  advantages.  With  reference  to  this  point  the  position  of  two  rnal 
countries  is  of  peculiar  interest  for  different  reasons.  Germany  is  wo  favoured, 
both  hi  its  coal  and  iron  lields,  that  one  is  led  to  ask  why  that  country  was  so 
long  in  becoming  a  rival  in  industry  of  the  United  Kingdom.  The  United  States 
is  even  more  favoured,  and  in  the  case  of  that  country  the  interesting  point  to 
note  is  how  the  advance  of  time  is  tending  to  increase  its  industrial  advantages 
relatively  to  those  of  our  own  country. 

Another  circumstance  tending  to  lower  the  industrial  advantages  of  this 
country  relatively  to  those  of  others  ia  the  development  of  water-power.  .Formerly 
the  Ui>e  of  this  power  was  restricted  by  natural  obstacles,  but  now  these  obstacles 
are,  to  a  large  extent,  removed  by  the  employment  of  electricity  as  a  means  of 
transmitting  that  power.  All  this  must  obviously  tend  moie  to  the  ad\antage  of 
such  countries  as  Switzerland,  ^Norway,  and  Italy  in  Kurope,  and  Canada  arid  the 
United  States  in  America,  than  to  that  of  this  country.  Under  this  head  the  case 
of  Italy  is  of  peculiar  interest.  Water-power  is  thnrn  getting  very  largely  applied 
through  electricity.  Now,  it  is  to  be  borne  in  mind  that  Italy  has  an  extremely 
advantageous  commercial  situation.  That  was  slunwi  by  the  whole  history  of 
commerce  in  the  middle  ages.  The  opening  of  the  Sue//  Canal  has  restored,  to 
some  extent,  this  advantage,  which,  however,  has  not  yet  been  fully  or  even 
largely  turned  to  account.  But  in  commerce  the  givat  law  is  that  to  him  that 
hath  shall  ba  given.  If,  then,  Italy,  through  her  water-power  or  in  other  wa)s-, 
is  able  to  develop  very  greatly  a  trade  based  on  her  own  resources,  all  tho  more 
likely  will  she  he  to  add  to  that  trade  a  great  transit  and  entrepot  trade  such  as 
bhe  once  possessed. 


5.  The  Influence  of  Geographical  Environment  oti  Political  Evolution. 
By  ALLEYNE  IRELAND. 

The  influence  of  geographical  environment  on  political  evolution  in  the  tropics 
and  sub-tropics  is  a  subject  which  must  assume  for  us  an  increasing  practical 
interest  as  time  passes.  In  order  to  emphasise  this  point  it  is  only  necessary  to 
observe  that,  taking  the  tropics  and  sub-tropics  to  mean  the  heat-belt  lying 
between  30°  N.  and  30°  S.,  the  sea-borne  trade  of  these  regions  is  increasing  at  a 
much  greater  rate  than  is  the  sea-borne  trade  of  the  temperate  lands. 

We  know  that  commerce  to-day  demands  for  its  best  development  certain 
conditions  of  government  which  must  in  the  main  conform  to  the  usages  of  what, 
we  call  Western  Civilisation.  Thus  the  construction  of  the  Suez  Canal  involved 
the  F.nrnppntii-iiiir  of  the  Egyptian  Government,  as  tlio  Panama  or  Nicaragua 
Canal  of  the  future  will  involve  the  establishment,  under  one  authority  or  another, 
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of  a  type  of  government  in  Central  America  very  different  from  that  which  now 
exists. 

It  would  be  easy  to  multiply  indefinitely  examples  intended  to  prove  the 
interdependence  of  commerce  and  political  administration.  The  history  of  British 
rule  in  India  might  well  be  founded  on  that  central  idea ;  and  from  the  earliest 
times  European  relations  with  China  have  been  moulded  by  the  failure  of  the 
Chinese  political  system  to  meet  the  necessities  of  European  commerce. 

A  brief  survey  of  the  history  of  tropical  and  sub-tropical  countries  during  the 
past  four  centuries  confronts  us  with  the  fact  that  in  three  countries  only- 
Mexico,  Peru,  and  India— did  the  first  European  travellers  find  native  Govern- 
ments possessing-  any  serious  elements  of  stability,  and  that  in  each  case  the 
government  was  in  the  form  of  a  military  despotism.  Broadly  sneaking,  we  may 
say  that  whatever  degree  of  organised  government  exists  to"day  in  Central  aivi 
South  America,  in  the  West  Indies,  in  the  whole  of  Africa,  in  Further  India,  and 
in  the  Malay  Archipelago  is  clue  to  the  intrusion  of  one  or  another  of  the 
European  Powers.  These  countries  may  be  divided  into  two  clas*eb—  one  com- 
prising those  in  which  the  administration  is  of  direct  European  origin,  the  other 
including  those  in  which  popular  representation  effectively  throws  the  control  of 
a  flairs  into  the  hands  of  the  local  inhabitants.  If  we  accept  India  as  representing 
the  former  class,  and  the  Central  American  Republics  as  ri-piv.-fiitiii^r  the  latter, 
we  cannot  fail  to  be  impressed  by  the  fact  that,  although  European  influence  in 
Central  America  antedates  British  influence  in  India  by  a  full  century,  the 
argument  on  the  facts  is  strongly  against  the  applicability  of  representative 
institutions  to  tropical  countries. 

Briefly  the  question  resohes  itself  into  one  of  climatic  discipline.  In  Europe 
the  extieme  range  of  temperaturo  demands  variety  of  clothing,  and  to  this 
necessity  we  may ;  attribute  the  growtli  of  industry*  in  early  times.  A  winter 
season,  during  which  food  cannot  be  obtained  directly  from  the  soil,  involved  an 
excess  of  labour  abose  the  daily  need  during  the  season  of  crops,  and  from  this  we 
adduce  the  development  of  thrift  and  foresight.  To  these  two  factors,  and  to 
their  innumerable  and  far-reaching  corollaries,  must  be  attributed  the  general 
diameter  of  European  civilisation.  In  the  development  of  the  tropical  man 
neither  of  these  great  agencies  has  been  at  work,  nor,  except  in  a  few  special 
instances,  can  it  be  foreseen  that  they  will  come  into  operation. 

It  is  not  asserted  that  the  natives  of  the  tropics  are  necessarily  deficient  in  the 
intellectual  faculties.  Tn  propound  such  a  theory,  in  view  of  the  constant  and 
deserved  success  of  East  Indians  and  Negroes  in  "our  Unhei>ities  and  at  the  Bar, 
would  merely  betray  colour  prejudice.  But  when  we  observe  the  tropical  man  as 
a  legislator  or  as  a  responsible  administrator  wo  find  him,  with  very  few  excep- 
tions, to  be  utterly  unsuited  to  his  task.  1  think  that  the  available  facts  justify 
the  theory  that  the  climatic  conditions  of  the  tropics  ha\e  set  an  insuperable 
barrier  to  the  advancement  of  tropical  peoples  iu  the  direction  of  popular  govern- 
ment. It  seems  to  me  that  a  great  deal  of  futile  experimenting  would  be  saved  if 
we  accepted  the  principle  that  in  the  heat-belt  of  the  world  administrative  af lairs 
must  refct  in  the  hands  of  specially  trained  Europeans,  guided  by  the  advice  of  a 
nominated  council  consisting  of  representatives  of  each  class  of  the  community. 

It  is  not  because  we  would  oppress  the  native,  but  because  we  would  save  him 
from  oppression  and  from  the  evil  effects  of  rash  and  ill-considered  legislation,  that 
we  would  take  the  administration  of  hi.s  country  out  of  his  hands. 


6.  Itineraries  in  Portuguese  Cont/o.     T>y  Rev.  THOMAS  LEWIS. 

Thi1  ancient  kingdom  of  Kongo  discovered  i"  the  flftcei.th  century  is  bo  little 
known  at  the  beginning  of  the  twentieth.  In  past  generations  the"  Portuguese 
were  more  inlere*te<l  in  their  island  plantations,  and  used  their  territories  on  the 
mainland  to  supply  them  with  slaves.  The  (Jovernment  of  to-day  shows  signs  of 
activity  in  opening  up  the  country,  and  have  established  three  military  and  fiscal 
stations  inland,  the  latest  on  the  Kwaiigu  Uher. 
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The  traveller  finds  the  river  banks  from  the  coast  to  Moqui  sparsely  populated. 
Moqui  itself  is  very  unhealthy,  but  is  indispensable  as  the  principal  port  and  depot 
for  goods  into  the  interior.  From  here  he  starts  on  his  inland  journey,  and  travels 
for  six  days  through  dreary  and  monotonous  country  to  S.  Salvador,  tho  ancient 
capital  of  Kongo. 

Here  there  are  ruins  of  ancient  churches,  and  the  main  arch  of  the  cathedral 
is  in  a  good  state  of  preservation,  tho  only  monument  of  a  great  and  glorious 
past.  There  is  a  Portuguese  Resident,  two  trading  firms,  and  two  missions. 

Three  years  ago  the  writer  of  this  paper  was  requested  to  make  a  prospecting 
journey  into  Zombo,  and  after  traversing  tho  country  in  several  directions  esta- 
blished a  mission  station  at  Kibokolo.  in  tho  heart  of  Zombo. 

Tr.i*-  M'n,  east  from  S.  Salvador  he  ascended  the  plateau  at  JJangu,  where  tho 
Mbrizi  lliver  falls  into  the  valley,  tho  Arthington  Falls.  TL--  \  IP:..  \  proceeded 
eastward,  and  the  source  of  the  Mbrizi  was  noted.  The  Kwim  1 1 -\  •"•.••  also  rises 
on  this  plateau.  Two  days'  journey  takes  him  to  the  Lufunde  Valley,  the  high, 
precipitous  rocks  and  waterfalls  on  both  sides  of  which  are  \ery  picturesque.  The 
river  Lufundo  flows  into  the  Mbrizi  to  tho  south- we«t. 

Climbing  the  hill  on  the  eastern  side  the  traveller  is  again  on  the  plateau,  and 
Kibokolo  is  a  populou*  district  on  tlio  highland,  'JO/JoO  feet  above  tho  sea. 

The  climate  is  much  better  on  the  plateau  than  in  the  swampy  lowlands,  and 
the  temperature  is  much  lower,  with  a  good  annual  lull  of  rain. 

The  soil  is  sandy  and  the  country  naturally  well  drained,  the,  most  noticeable 
feature  being  the  abundance  of  water  in  sparkling  and  crystal  streams  and  the 
absence  of  swamps.  Hence  these  highlands  of  Xombo  are  much  healthier  for 
Europeans,  and  malarial  fever  is  not  prevalent. 

The  flora  of  the  country  affords  a  splendid  field  for  botanists.  Many  parts  of 
Portuguese  Congo  are  sparsely  populated,  but  Zombo  is  an  exception,  being  very 
thickly  populated. 

When  slavery  and  native  wars  and  superstitions  are  done  away  with  the 
natives  of  Africa  will  rapidly  increase  in  number,  and  the  question  of  the  nathe 
races  will  be  the  most  difficult  of  African  problems. 

The  development  of  the  country  must  be  by  the  uplifting  of  the  natives.  New 
needs  and  new  tastes  must  be  cultivated,  so  that  tho  natives  may  be  impelled  to 
work  for  their  living. 

Here  Christian  missions  do  great  good  in  teaching  the  people  and  providing 
them  with  vernacular  literature,  so  that,  they  are  no  longer  satisfied  with  savage 
life.  Young  men  are  trained  as  carpenters,  stonemasons,  and  blacksmiths,  and  they 
employ  themselves  in  useful  work.  Thus  tin?  natives  tako  their  pdsition  a* 
responsible  beings  in  the  progress  and  development  of  their  country. 


FHI1)  I  JT,  SEPTKXntilt  III. 
The  following  Papers  were  read  : — 

1.  The  Effects  of  Vegetation  in  tho,  Valley  and  Plains  of  the  Clyde. 
By  G.  F.  SCOTT-ELLIOT,  JO.,  Jl'.Sc.,  JP.L.&,  F.It.d.X.  ' 

General  characters  of  tho  valley  in  (1)  the  sulmlpine,  (2)  heather  and  peat, 
(3)  sheep  pasture,  and  (4)  arable  districts;  (0)  the  Falls  of  Clyde  or  canyon, 
(6)  tho  valley  below  th«  falls,  and  (7)  tho  Hat  alluvial  plains  about,  Renfrew. 

Erosion. — The  effect  of  erosion  on  peat,  baro  arable  land,  and  permanent  pasture 
is  contrasted  with  a  view  to  showing  that  tho  water  retained  in  peaty  soil,  the 
transpiration  amounts  of  living  plants,  us  well  as  the  vegetable  matter  produced, 
must  so  alter  the  character  and  amount  of  the  erosion  that  no  trustworthy  estimate 
can  be  formed  if  these  factors  are  disregarded. 

Slopes  or  sides  of  the  mlley. — The  successive  stages  in  the  formation  of  the 
slopo  are  traced  in  several  instances,  taken  from  the  Falls  of  Clyde  and  tho 
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tributaries  Nethan  and  Harpersgill,  &c.  It  is  shown  that  a  perfect  series  of  transi- 
tions can  bo  found  from  the  vertical  cliff  or  scaur  left  by  the  river  to  the  continuous 
steep  slope,  which  is  characteristic  of  the  valley-sides  throughout  this  neighbour- 
hood. 

The  vegetation  is  shown  to  control  this  slope  formation  throughout.  The 
vegetation  covering  the  space  at  the  base  of  the  cliii'  forms  very  rapidly. 
The  annual  formation  of  wood  and  other  tissues  is  shown  to  be  very  great  in  this 
sheltered  and  moist  situation  (as  cornpaml  by  measurements  with  the  growth  of 
the  same  plant*  in  more  exposed  positions).  Any  falls  from  above,  such  as  stones 
or  rock,  earth  and  vegetable  matter  washed  or  blown  down,  accumulate  at  the 
base  of  tin*  precipice  01  ecaur,  and  arri  at  one*1  covered  over  by  the  vegetation.  Thus 
a  steep  sloping  surface  is  formed  which  gradually  extends  up  th«  side  of  the  dift* 
until  e\entually  the  characteristic  V-shape  of  the  ravines  is  produced. 

.Measurements  showing  the  avtiage  slopes  in  at  least  four  separate  ravines 
were  given. 

The  undermining  of  tin-  rock  below  the*  fringe  of  vegetation  is  shown  in  pome 
cases  to  result  in  a  slope  which  eventually  unites  with  the  accumulation  from  below 
to  form  the  characteristic  angle  of  inclination. 

The  character  of  the  \egetatiniiof  course  filters  greatly  the  tenacity  of  the 
covering  formed  by  it.  Thus  tret's  form  an  e.\cc  ediiiirh  strong  network  of  roots, 
as  is  shown  by  the  example  at  Kemnuir,  where  landslips  affecting  the  whole  face 
of  the  slope  hsivo  appeared  through  the  original  trees  having  been  destroyed. 

An  attempt  was  made  to  give  measurements  of  the  average  tenacity  of  the 
vegetation  crust  in  a  few  cases,  provided  the  practical  diiliculties  can  be  overcome 
in  time. 

JIofHiIftnt/*  vrjfrff*  <ir  rit/fai/Jlivtrit.-'  -Character,  vnlne,  and  constitution  of  the 
holms  at  different  points  of  the  Clyde  contrasted,  and  their  differences  shown  to 
depend  on  the  mixt  ures  of  soils  and  propi  >rtions  of  organic  material.  The  formation 
of  these  tlat  lands  is  shown  to  depend  chiefly  on  the  work  of  certain  marsh  plants, 
of  which  MrjiMfi  A/< //S//VN,  Phraynrilr**  VtuHhvnn,  l\>ajimttin^  and  various  sedpe.s 
are  the  most  important.  The  difficulty  of  tracing  their  action  arises  from  the 
extent,  to  which  draining  1ms  been  carried  on,  but  observations  are  given  illustrating 
the  species  mentioned,  and  showing  that  the  amount  produced  in  a  single  year  it 
by  no  means  an  inconsiderable  quantity. 

tihiiiyh1  /Wx. — The  shingle  beds  and  the  manner  in  which  they  are  covered  by 
vegetation  is  also  discussed  shortly. 

An  attempt  is  made  to  show  on  tin*  map  the  approximate  boundary  of  what 
was  lit  one  time  river  and  estunrine  marshes.  The  difficulty  of  deciding  upon  the 
exact  boundary  line  is  shown  to  depend  upon  the  amount  of  boulder  clay  and  drift 
which  closely  resembles  the  ordinary  alhmum.  [f  time  is  left,  an  attempt  will  he 
made1  to  compare  the  alluvial  formations  of  other  countries  with  those  of  the 
Chde. 


±  The.  Scottish  Jfittnrnl  History  tfocirtys  Sclwm?  for  the-  Investigation  of  the 
Forth  Valky.     tty  MAUION  NKWimux,  J0.»Sc. 

The  paper  gives  an  account  of  a  scheme  which  has  been  undertaken  by  the 
Scottish  Natural  History  Society  at  the  suggestion  of  Sir  John  Murray.  It  is 
proposed,  first,  to  arrange,  in  a  readily  available  form,  references  to  papers  already 
published  on  the  natural  history  of  the  Forth  Valley,  including  its  botany,  zoo- 
logy, and  geology  ;  secondly,  the  Society  proposes  to  utilise  its  various  sections  ami 
the  labours  of  its  individual  members  in"  the  acquisition  of  a  mass  of  detail  in  regard 
to  the  existing  organic  conditions  in  the  valley  of  the  Forth,  with  the  primary  object 
of  providing  a  basis  of  fact  upon  which  conclusions  may  be  later  established,  although 
the  opportunities  of  the  work  as  a  means  of  training  observers  will  not  be  lost 
sight  of.  It  is  hoped  that  the  work  may  be  carried  out  in  such  a  way  that  the 
condition^  of  existence  of  the  most  important  organisms  within  the  area  may  be 
readily  ascertained  by  reference  to  the  Society's  records. 
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3.  Methods  and  Objects  of  a  Botanical  Survey  of  Scotland. 
By  W.  G.  SMITH,  B.Sc.>  Ph.D.,  Leeds. 

The  botanical  survey  now  under  consideration  was  initiated  by  Robert  Smith, 
of  Dundee,  and  was  drawn  up  in  co-operation  with  a  survey  oi!  France  on  similar 
lines,  tlie  project  of  Professor  Oh.  Hahault,  of  Montpellier.  According  to  this 
method  the  vegetation  of  any  area  is  regarded  as  consisting  of  a  collection  of  plant- 
associations  the  distribution  and  extent  of  which  tire  indicated  on  standard  maps 
by  distinctive  colours.  Each  association  of  plants  is  adapted  to  certain  conditions 
of  food-supply,  heat,  light,  moisture,  &c.,  and  one  of  the  objects  of  the  survey  is  to 
obtain  fuller  information  on  these  life-conditions  of  plant?. 

Each  plant-association  consists  of  a  variable  number  of  species,  which  may  bo 
arranged  thus : 

(a)  One  or  more  dominant  social  (gregarious)  species :  these  are  used  to  name 
the  essociation,  e.g.,  oak,  beech,  pine,  heather,  &c. 

(ft)  Secondary  social  species  struggling  for  dominance. 

(c)  Dependent  species  protected  try  the  dominant  forms  or  more  oi  less  de- 
pendent on  them  for  food,  &c. 

A  feature  of  the  survey  is  the  collection  of  field-notes  and  lists  of  species  in 
order  to  amplify  our  knowledge  of  plant-associations  and  species  included  in  each. 

In  Scotland*  the  following  have  been  found  to  be  the  moht  Miitoblu  associations 
for  recording,  and  they  are  equally  applicable  to  a  botanical  suney  in  piogiess  in 
various  parts  of  England : — 

I.  Maritime  and  littoral  group  of  associations. 

II.  Agrarian  group. 

(a)  Cultivation:  (1)  with  rotations  including  wheat—  upyer  limits,  600 
to  (i(X)  feet ;  (2)  without  wheat — up  to  limits  of  cultivation,  J,000  to 
1,2oOfeet. 

(b)  Woods  of  deciduous  trees:  (1)  mixed  deciduous  woods  wilh  hcecli, 
oak,  &c. — upper  limits,  700  to  J ,()(!()  feet;  (-)  oak  woods  without 
beech — upper  limits,  1,000  feet. 

III.  Sub-alpine  group  (1,000  to  2,000  foot). 

(«)  Woods:  (1)  Scots  pine  or  mixed  conifers— upper  limits,   l,l?oO  (o 

1,800    ieet;    ('2)    laich   woods-— upper    limits,   1,.*!00   to    1,MK)   feet; 

(i'J)  birch  woods — upper  limits,  ],/>()0  to  1?,C(!0  ieet. 
(b)  Hill  pasture  and  moorland:    (1)  grar-s   hill    pasture   associations : 

(2)  heather  associations  ;  (.'5)  cotton-giuhs  and  heather  association  on 

peat-bog. 

IV.  Alpine  group  (2,000  to  4,000  feet). 

(1)  Heather  associations,  up  to  ;j,100  feet. 

(2)  Hilberry  (J'accinwm  nu/rtillu*)  association,  up  to  3,000  feet, 
(o)  Alpine  pasture  associations. 

(4)  Alpine  plateau  with  mosses,  lichens,  £c. 

(5)  Alpine  crags. 

4.  Notes  on  Argentine  Aiifhropo-yeor/raphy. 
By  F.  P.  MORENO,  Director  of  the  La  Plata  Mnseuw. 

The  paper  gives  an  account  of  the  dihtribution  of  the  extinct  and  existing 
human  races  in  the  Argentine  Ixqmblic. 

There  are  in  Argentina  the;  lomains  of  men  who  lived  before  the  continent 
luid  acquired  its  present  relief  and  contour.  Afterwards  these  men,  developing, 
commenced  their  . "..  •  '".  ». -A Lil?  another  race  appeared  in  the  regions  of  the 
West  at  the  end  c.  :':.•.:  i  •  ,.,  i  epoch;  and  the  ancient  people  were  pushed  to  the 
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South,  where  to-day  we  meet  their  descendants;  and  amongst  them  we  note  an 
extraordinary  variety  of  types  observed  in  no  other  country  in  the  world.  Man 
lived  in  caves  with  extinct  mammals  as  man  lived  in  European  caves  of  tho 
Pleistocene  period,  and  other  people  migrated  from  tho  northern  extremity  of  the 
American  continent.  We  iind  Polynesian  anthropological  elements  mixed  with 
the  Patagonian,  Polynesian  culture  among  Calchaqui  and  old  Peruvian  culture. 
Advancing  in  time,  we  iind  a  complicated  civilisation  which  it  is  impossible  to 
ally  with  any  known  type,  yet  ;•!••  --niiiiir  an  astonishing  similarity  in  some 
respects  with  that  of  people  who  1m- 1  in  in-  same,  latitude  in  the  northern  hemi- 
sphere, and  in  lands  of  similar  physical  conditions.  There  is  a  remarkable  analogy 
between  the  petrographs  extending  from  Arizona  to  PatsiL'unu.  on  both  sides 
of  tho  Andes,  and  between  their  industrial  arts  and  myths.  In  intermediate 
countries  there  are  identical  analogies  with  races  of  tho  South  and  of  the  East. 
In  Bolivia  the  ruins  of  Tiuhuanaco  and  other  similar  ruins  have  no  antecedents ; 
the  people  to  which  they  are  referred,  th-»  onn  that  used  the  macrocephalic  defor- 
mation, has  its  representatives  from  Vancouver  to  Patagonia  ;  in  the  old  Peruvian 
pottery  the  human  types  are  not  all  those  of  the  native*  of  to-day,  but  those  of 
Patagonia,  Tierra  del  Fuego,  and  Chile ;  in  this  pottery  Mexican  types  appear 
represented  as  prisoners;  se\eral  small  artistic  terra-cot tas,  so  common  in  tho  old 
Mexican  towns,  ha\e,  been  discoxered  in  the  pampas  of  Buenos  Aires;  while  otlu-r 
Mexican  objects  are  the  same  as  some  of  Calchaqui.  Calchaqui  remains  extended 
from  the  Atlantic  to  the  Pacific,  and  from  Patagonia  to  Peru  an  inter- Andean 
trade  has  existed  in  lemole  epochs  showing  the  enterprise  of  the  peoples  which 
maintained  such  relations  acros>  so  great  a  barrier.  When  we  remember  all  these 
facts,  we  cannot  but  believe  that  man  in  South  America  has  had  a  very  long 
existence,  ami  that  intercontinental,  and  even  mteroceanic,  communications  have 
been  maintained  from  the  prehistoric,  times  until  the  day  when  the  Spanish 
conquistador^  continued  the  work  of  tin*  wild  tnhe?-  in  destroying  the  older 
civilisation. 

Hut  who  are  the  ()na>,  the  Tehuelche^  the  (lennakens,  the  Arauranians,  the 
Misioncp,  and  Ohaco  triho,  the  Culchacjui* '?  It  i*  impossible  to  answer  these 
questions  at-  present.  The  importance  of  these  in\  estimations  has  been  indicated  in 
the  hope  that  it  ma\  conduce  to  the  solution  of  these  problems,  but  the  author 
thinks  that  we  are  already  in  presence  of  the  elements  which  formed  the  old  and 
lost  civilisation,  the  ruins  of  which  are  spread  o\er  the  whole  continent  of  South 
America.  The  anthropologist  treat  ing  of  North  America  only,  and  ignoring  what 
can  be  wen  in  South  America,  supposes  that  the  latter  continent  A\a.s  peopled  by 
the  races  of  tho  former,  and  that  the  ancestors  of  the  Pueblos  were  also  the 
founder*  of  the  old  civilisations  of  Peru  and  JJolivia  ;  but  probably  the  South 
American  origins  are  the  older,  ami  there,  is  ample  evidence  in  support  of  this 
contention.  Paleontology  has  demonstrated  that  the  Pa  m  pea  u  mammals  migrated 
from  the  South  to  Mexico  and  the  Knifed  States,  and  it  is  not  impossible  that 
men  may  have  taken  the  northward  route.  It  is  true  that  the  Mastodon  is  both 
a  Muropeau  ami  North  American  mammal,  but  it  is  not  to  be  forgotten  that  its 
remains  are  also  abundant  in  South  America,  in  beds  of  the  same  age  as,  or  older 
than,  those  of  North  America  and  Europe. 

fi.  Some  KrplnrutionK  of  Antlean  Lakes.    By  HESKETH  PRICTIARD. 

Itinerary  of  expedition— Tho  Pampas — Difficulties  of  transport — Arrival  at 
Colohuapi --The  Tehuelcho  Indians  -Their  appearance  and  method  of  life — Lago 
Huenos  Aires — Santa  Cruz — Following  Darwin's  route — Arrival  at  Lago  Argen- 
tine— -First  down-stream  navigation  of  the  Hio  Lenna-- -Exploration  of  Lago 
Argentina — Tho  Forests —Disco very  of  a  new  lake — Homeward. 


6.  jlf.  Elisee  fteclus'  Map  on  Natural  Curvature.    By  M.  EfiCLUS-GuYON 
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SATURDAY,  SEPTEMBER  14. 

The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  Ifi. 
The  following  Papers  and  Reports  were  read : — 

1.  The  Belgian  Scientific  Expedition  ofKa-Tanga.1 
By  Captain  LEMAIBE. 

The  duty  of  a  scientific  exploring  expedition  is  to  study  in  all  its  aspects  the 
object  which  has  been  assigned  to  it,  and  not  to  concern  itself  with  affairs. 

The  scientific  apparatus  and  equipment  of  the  expedition  wore  enumerated. 

The  European  staff  of  the  expedition;  loss  of  two  of  their  number  who  were 
drowned  in  Tanganyika  ;  their  replacement  by  others. 

Work  of  the  Expedition. 

Cartography. — 6,600  kilometres  of  itinerary  mapped  on  a  large  scale  ;  map  of 
1  :  1,000,000  in  four  colours,  containing  lOo  stations  determined  by  astronomical 
observation. 

Terrestrial  Magnetism. — 117  stations  determined  by  the  three  magnetic  com- 
ponents. 

AUimetry. — Remarks  upon  the  establishment  of  a  single  table  for  the  deter- 
mination of  altitudes  in  equatorial  Africa  by  a  single  reading  of  the  barometer  and 
the  thermometer,  without,  the  knowleiigo  of  these  data  for  the  same  moment  at  a 
point  of  comparison.  Altitude  of  Tanganyika  ;  the  greatest  altitudes  noted. 

Meteorology. — Four  stations  for  observation  wero  at  work  from  August  18DH 
to  August  1900,  furnishing  data  relating  to  temperature,  atmospheric  pressure, 
moisture,  evaporation,  duration  of  insolation,  radiation  Irom  the  earth,  atmospheric 
precipitations,  the  nature  and  direction  of  clouds  and  winds,  the  transparency  of 
the  air,  &c.  Certain  remarkable  phenomena. 

Geology. — The  geologist  and  the  prospector  of  our  expedition  have  drnun  up 
detailed  reports,  accompanied  by  maps  and  geological  >ections.  Forty  cases  of 
mineralogical  specimens  wore  collected. 

Fauna  and  Flora. — An  herbarium  was  collected:  100  coloured  plntos  have 
been  prepared ;  ten  cases  of  specimens  were  brought  back.  A  rapid  glance  over 
the  economic  fauna  and  tlora  of  the  countiy  traversed. 

Ethnography. — Anthropometric  determinations ;  ten  cases  of  collection*. 

Photography  and  Painting.  —  .350  photograph*;  200  canvasses,  water  colour*, 
and  sketches. 

Occupation  of  the  Country  by  Europeans. — Description  of  the  plateaux  of  high 
altitude,  1,790  to  1,900  metres;  food-products:  European  potatoes,  wheat,  Euro- 
pean vegetables,  fruits,  rice,  Sec. ;  domestic  animals,  both  large  and  small,  uninjured 
by  the  tse-l&e-,  the  White  Fathers  of  Tanganyika  and  their  admirable  work;  the 
steamers  on  Tanganyika  and  Motiro;  our  meeting  with  Major  (Jibbons;  Anglo- 
Belgian  relations. 

2.  Report  on  Terrestrial  Surface  Waves. — Seo  Reports,  p.  398. 

3.  The  Mean  Temperature  of  the  Atmosphere  and  the  Causes  of 

Glacial  Periods.    By  II.  N".  DICKRON,  U.Sc. 

If  we  suppose  that  secular  variations  of  climate  in  the  past  have  been  duo  to 
changes  in  the  mean  temperature  of  the  atmosphere,  it  is  most  probable  that  such 

1  Published  in  the  Scottish  Geographical  Magazine,  October  1001. 
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changes  have  been  accompanied  by  large  relative  alterations  in  the  gradient  of 
temperature  between  the  equator  and  the  poles.  But  this  difference  of  temperature 
ia  tne  primary  cause  of  the  whole  planetary  circulation  of  the  atmosphere,  the 
form  and  intensity  of  which  must,  have  varied  with  it,  both  absolutely  and  rela- 
tively to  the  modifications  produced  at,  the,  earth's  surface  by  the  distribution  of 
land  and  sea.  The  general  conditions  lead  to  tho  conclusion  that  a  lowering  of 
mean  temperature  would  bo  accompanied  by  an  increase  of  the  equator-poleward 
gradient,  and  a  rise  by  a  diminution  of  it.  Kerrel's  theory  of  atmospheric  circu- 
lation would  then  suggest  that  in  tho  former  case  the  planetary  circulation  would 
become  more,  acthe,  the  tropical  high  pressure  belts  would  be  displaced  to  lower 
latitudes,  and  the  modifying  influence  of  great  continental  areas  would  be  rela- 
tively diminished  ;  while  in  the  latter  case  the  circulation  wnuld  bu  less  energetic, 
the  tropical  belts  would  be  farther  from  the  equator,  and  the  contrail  between, 
oceanic  and  continental  climates  would  be  more  sharply  defined. 

The  probable  effects  of  such  changes  on  the  distribution  of  precipitation,  and 
especially  on  the  portion  and  direction  of  the  great,  cu-lone,  tracks,  are  examined, 
and  it  is  suggested  that  the  greater  proportion  of  rainfall  received  ^\ith  easterly 
winds  on  the  polar  sides  of  cyclones,  in  lower  latitudes  than  at  present,  may  ex- 
plain some  peculiar  features  of  glacial  phenomena.  In  any  ca.se,  the  aspects  of  the 
problem  to  which  attention  is  drawn  deserve,  fuller  recognition  than  they  have 
received;  the\  indicate  that  the  \ariatiorisof  temperature  required  to  account  for 
climatic  changes  are  of  smaller  range  than  has  been  supposed,  and  they  m.vv,  b.r  the 
exclusion  of  aomu  .-urvninir  theories,  nssiM  in  determining  the  true  cause. 


•1.  Jifjwrt  on  <(  »S'//?'iv»/  «/'  lint /,<*//  Protectorates. — See  Reports,  p.  390. 

5.  Northern  Ontario :  /As'  Geor/ra/Jn/  (turf  Renourcf*.  />//  ROBERT  BELL, 
J/.A,  />.#'•.,  LL.D.)  F.R.8.1  I)i.rec1or  of  th<>.  Geological  Survey  of 
Canada. 

Norl  hern  Ontario,  now  also  called  New  Ontario,  comprises  more  than  half  of 
the  whole  province,  or  all  that  portion  lying  north-we^t  of  the  line  of  Lake  Xipis- 
sing  and  the  French  River  It  has  a  length  of  fully  SOO  miles  from  Mattawa,  on 
the  Ottawa,  to  the  eastern  line  of  Manitoba,  ne-ir  the  junction  of  the  Winnipeg 
and  Kuglish  Rivers,  and  a  breadth  of  100  miles  from  the  outlet  of  Lake  Superior 
to  its  most  northern  part,  which  H  at  the  mouth  of  the  Albany  River  on  James 
Bay.  The  eastern  boundary,  which  follows  the  Ottawa  River  and  the  meridian 
linn  from  Lake  Temiscainin<r,  on  that  stream  to  James  Bay,  is  also  nearly  100 miles 
in  length  ;  bul  the  western  half  of  t  lie  region  has  an  average  breadth  of  only  ^00 
miles.  Taking  the  eastern  boundary  as  a  base,  Northern  Ontario  is  roughly  tri- 
angular in  form,  the  apev  biuiiir  at  the  western  extremity.  The  Anthem  boundary 
is  formed  by  Lakes  Huron  and  Superior  and  the  northern  line  of  the  State  of 
Minnesota,  while  the  northern  boundary  is  defined  by  the  English  and  Albany 
Rivers  and  part  of  the  shore  of  James  Hay.  The  last-named  eircumsttmce  gives 
Ontario  a  claim  to  be  considered  u.  maritime  province,  with  a  seaport  at  Moose 
Factory  and  possibly  others  at,  Fort  Albany  and  Hannah  Bay.  Tho  total  area  of 
Northern  Onturio  is  estimated  at  72,000,0'U)  acres,  or  about  one  and  one-third  times 
that  of  Southern  Ontario.  Its  position  lies  between  Lit.  KPN.  and  lat.  «">L)0  NM  and 
the  climate  is  about  normal  for  those  decrees  of  latitude.  The  paper  gives  a 
general  geoeraohical  description  off  lie  relief,  geology,  and  hydrography  of  Northern 
Ontario,  and  deals  especially  with  its  resources  in  the  way  of  minerals,  agricultural 
land,  fisheries,  and  forests. 

The  principal  rivers  and  lakes  of  what  is  now  Northern  Ontario  were  surveyed 
topographically  and  geologically  by  myself  in  the  thirty  -one  years  from  1801)  to  HKX) 
inclusive,  ami  t  hey  have  been  described  in  various  summary  and  detailed  reports  of  tho 
Geological  Survey.  Maps  have,  been  published  showing  Lake  Nipigon,  the  country 
around  Thunder  iky,  tho  whole  of  the  basin  of  Moose  River,  the  Sudbury  district, 
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and  the  region  around  French  River.  The  map*  resulting  from  many  of  my  sur- 
veys have  hot  yet  been  published,  although  on  tile  in  the  office  of  the  firol.iyjonl 
Survey,  and  accessible  to  anyone  requiring  them.  In  1900  the  Government  of 
Ontario  sent  out  ten  surveyors,  in  charge  of  ail  equal  number  of  parties,  to  inspect 
Northern  Ontario.  The  reports  of  these  surveyors  and  explorers,  recently  pub- 
lished in  one  volume,  amply  confirm  all  that  I  have  said  during  the  last  thirty 
years,  in  the  Geological  Survey  reports  and  elsewhere,  in  regard  to  the  '  New 
'Ontario/  A  small-scale  map,  compiled  from  the  most  recent  surveys  and  explora- 
tions, accompanies  the  paper. 

6.  On  the  Systematic  Exploration  of  the  Atmosphere  at.  Sea  by  means  of 
Kites.  Ey  A.  LAWRENCE  ROTCII,  Director  of  ttlue  Hill  Aktwroloyieid 
Observatory  (Massachusetts,  U.tf.A.)  and  American  Member  of  the 
International  Aeronautical  Committee. 

It  is  appropriate  that  this  paper  should  be  presented  at  Glasgow,  since  it  *vas 
here  that  Dr.  Alexander  Wilson  first  used  kites  for  meteorological  observations  in 
1749.1 

TCil-'-fixi'V  with  continuously  recording  instruments  was  originated  at  Blue 
Hill  in  Jtti/4,  arid  the  progress  of  the  work  is  set  forth  in  fi\o  annual  leports  pre- 
sented to  Section  A  of  this  Association.  Although  the  meteorological  conditions 
up  to  a  height  of  three  miles  above  this  region  have  been  ascertained  by  several 
hundred  kite-flights,  yet  since  wind  ofatlen.st  twelve  miles  an  hour  i*  required, 
certain  types  of  weather — notably  the  antieyclonie— can  mrely  be  .studied. 

The  method  proposed  not  only  permits  kites  to  be  flown  in  calm  weather,  but 
enables  data  to  be  obtained  a  mile  or  two  above  the  oceans,  whore  no  observations 
have  been  possible  hitherto.  The  method  consists  in  installing  tho  kites  and  ap- 
paratus on  board  a  steamship,  which,  when  travelling  through  calm  air  at  a  ppeeil 
often  or  twelve  koots  per  hour,  enables  the  kites  and  instruments  to  be  raised  to 
the  height  that  can  be  reached  in  the  most  favourable  wind.  Should  the  wind  be 
too  strong,  its  force  may  be  moderated  by  steaming  with  it.  In  this  way  the  kites 
can  be  flown  at  all  times  and  in  the  equatorial  regions,  where  a  knowledge  of  tlm 
conditions  of  the  upper  atmosphere  is  needed  to  complete  our  theories  of  the 
atmospheric  circulation. 

The  use  of  kites  to  the  best  advantage  requires  a  vessel  that  can  bo  manoeuvred 
at  will,  and  therefore  experiments  were  made  in  Massachusetts  Bay  on  a  tug 
having  a  maximum  speed  of  ten  miles  un  hour.  Although  the  wind  blew  onh 
six  to  ten  miles  an  hour,  and  at  no  time  was  strong  enough  to  lift  the  kites,  yet  by 
steaming  towards  it  within  4o°  of  its  mean  direction,  the  meteorograph  was 'raised 
to  a  height  of  half  a  mile.  The  ease  with  which  the  kites  were  launched  and  tbn 
steadiness  with  which  they  flew  in  the  uniform  artificial  wind  wero  noticeable.  A 
trial  of  the  kites  was  next  made  upon  a  passenger  steamer  crossing  the  North 
Atlantic  in  order  to  ascertain  whether  it  was  possible  to  obtain  in  this  way  meteoro- 
logical data  frequently  during  the  vnage.  .Flights  were  made  on  fnn  days,  ^hrri 
although  the  winds  accompanying  an  anticyclone  wer*»  too  light  to*  lift  the 
kites,  the  artificial  wind,  caused  by  the  eastward  motion  of  the  vessel  at  a  speed  of 
15  knots,  sufliccd  to  carry  the  kites  and  meteorograph  to  a  maximum  height  of 
one-third  of  a  mile.  Had  it  been  possible  to  alter  the  cour>e  of  the  vessel  tho  kites 
could,  have  been  flown  every  day.  Tho  kite  records  obtained  in  this  anticyclone, 
in  connection  with  similar  ones  on  deck,  show  abnormal  changes  of  temperature 
with  altitude  above  the  ocean,  great  fluctuations  in  relative  humidity,  und  slight 
variations  in  wind  velocity.  A  series  of  such  flights  on  successive  voyages  would 
disclose  any  difference  in  the  vertical  distribution  of  the  meteorological  element  a 
above  the  ocean  as  compared  with  that  over  the  land,  and  in  weather  condi- 
tions like  the  above  would  furnish  data  for  the  upper  air  that  cannot  be  obtained 
with  kites  at  a  fixed  station. 

1  Trans.  Roy.  Soe.  Edinburgh,  vol.  x.  part  ii.  pp.  284-286, 
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7.  Report  on  Changes  of  the  Land-level  of  the  Phlegrwan  Fields. 
SPO  Reports,  p.  :W2. 


Tf/EfWAT,  SEPTEMBER   17. 

The  following  Papers  were  read : — 

1.   Weather  Maps.     By  W.  N.  SHAW,  F.R.S. 

The  author  exhibited  a  set  of  specimens  of  the  daily  weather  reports  i-sued  by 
dillerenl  European  and  extra-Kuropenn  countries  in  1001.  The  maps  of  the 
following  countries  were  shown:  — 

EUROPKAX.  EXTRA -EDKOPE  \x. 

Austria.  Algeria. 

Bavaria.  Australasia. 

Belgium.  Canada. 

British  I.tlcs.  India. 

Denmark.  „      Bay  of  Bengal. 

France*.  Japan, 

(tennany.  Mexico. 

Holland.  United  States. 

Italy. 
"Portugal. 
Rotimania. 
Russia. 
Saxony. 
Spain. 
Switzerland. 

2.  Tim  National  Antarctic  Expedition.    l\y  Dr.  J.  SCOTT  KELTIE. 
3.   With  th<>.  'Dworcry*  to  3fad<>ira.     By  Dr.  H.  \\.  JIiLj,,  F.R.S.E. 


4.  The  Methods  and  Flans  of  the  Scottish  National  Antarctic  Expedition. 

By  W.  8.  BIUTCK. 


5.  The  Experimental  Demonstration  of  the  Curvature  of  the  Earth's  Surface.. 
By  H.  YULR  OLDHAM,  J/.J. 

Tn  1870  Dr.  A.  H.  Wallace  performed  his  well-known  Bedford  Level 
experiment.  In  the  summers  of  1900  and  HM)1  a  series  of  similar  experiments  was 
made  with  the  special  object  of  obtaining  photographic  records  of  the  same.  The 
Bedford  Level  is  a  portion  of  the  Fens  north  of  Kly,  through  which,  in  the 
seventeenth  century  two  great  canals  were  made,  shortening  the  course  of  the 
Ouse.  Of  these,  one,  the  New  Bedford  river,  is  tidal ;  the  other,  the  old  Bedford 
river,  has  locks  at  each  end,  and  presents  long,  straight  M retches  of  water  without 
current  or  tide.  The  six-mile  stretch  of  the  old  Hi >d lord  river  between  Welney 

1901.  3  B 
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and  Denver  was  selected,  as  it  is  perfectly  straight,  has  a  "bridge  at  ear-h  end,  but 
none  in  between.  The  height  of  the  parapet  of  Weluey  bridge  above  the  water 
level  was  measured,  a  mark  was  set  up  on  Denver  bridge  at  the  same  height  above 
the  water-level,  and  midway— three  miles  from  each  end — a  mark  was  set  up  on  a 
pole  at  the  same  height  above  the  water-level.  A  telescope  was  then  directed 
from  the  parapet  of  AVelney  bridge  to  the  mark  on  Denver  bridge,  and  the  middle 
mark  was  seen  to  stand  up  about  six  feet  above  the  line  of  sight,  agreeing  with  the 
effect  calculated  to  be  produced  by  the  curvature  of  the  earth's  surface. 


G.  Travel  in  China.     By  R.  LOGAN  JACK,  LL.D.,  F.R.G.S. 

The  party,  consisting,  besides  the  writer,  of  his  son  R.  Lockhart  Jack  and  Mr. 
J.  R  Morris,  employed  by  an  English  capitalist  who  had  obtained  mining  conces- 
sions in  Szechuan,  left  Shanghai  on  January  4,  1900. 

Having  reached  Ichang  (1,000  miles)  by  steamers  up  the  Yangtse,  a  houseboat 
was  chartered  by  which  the  party  made  the  voyage  to  Chung  King1,  a  further  dis- 
tance of  3D2  miles. 

An  overland  journey  of  209  miles  was  then  made  to  Chengtu,  the  capital  of 
Szechuan,  via  the  coal  mines  of  Lung  Chang  and  the  brine  wells  of  Nei-Kiang- 
Hsien. 

The  party  had  occasion  to  cross  five  times  the  Chengtu  Plain,  whose  fertility, 
enhanced  by  a  perfect  system  of  irrigation,  enables  it  to  support  four  million  in- 
habitants. They  visited  and  mapped  the  \iilley  of  Tunjjr-lm<r-t$e,  where  copper 
mines  are  worked  by  the  Chinese,  and  made  "a  '  loop-cast '  of  007  miles  to  the 
'Northern  Alps,'  at  first  through  a  large  tract  of  nndescribed  country  and  after- 
vards  over  Gill's  route  of  1877,  via  Lung-an  and  Sungpan. 

Leaving  Chengtu  on  June  19,  this  time  accompanied  by  Mr.  Herbert  Way, 
who  represented  au  English  company,  the  party  travelled  by  road  (350  miles)  to 
the  Maha  Gold  Mines,  which  overlook  the  left  bank  of  the  Ya-lung  River.  Here 
their  stay  was  cut  short  by  long-delayed  communications  from  Chung  King 
relating  the  capture  of  the  Taku  forts,  the  tragedies  of  Tientsin,  and  the  supposed 
massacre  of  all  foreigners  at  Pekin.  The  British  Consul  at  Chung  Kiiitf  *  most 
strongly  advised  'the  party  to  make  for  Burma. 

An  attempt  was  made  to  reach  Kampti,  on  the  Upper  Tmuvadi,  by  the  route 
followed  by  Prince  Henri  of  Orleans,  and  the  party  got  us  far  as  Hsiao  Wei-si,  on 
the  Mekong,  where  a  French  missionary  related  some  of  Prince  Henri's  experi- 
ences and  demonstrated  the  uselessness  of  the  attempt  so  late  in  the  season. 
Jt  was  judged  imprudent,  to  run  such  risks.  Nine  days  after  leaving  Maha  the, 
party  were  tho  guests  of  a  Lolo  chieftain,  the  Toussa  of  Kwa-pit.  Between  the 
Yangtse  and  the  Mekong  extra  precautions  had  to  be  taken  in  crossing  a  pass 
infested  by  robbers  armed  with  crossbows  and  poisoned  arnn\  s. 

Very  unwillingly,  the  party,  whoso  leading  idea  was  to  keep  as  much  as 
possible  among  the  Lolo  aborigines  and  half-Tibetan  Sifan  tribes,  retraced  their 
steps,  and  leaving  the  Yangtso  at  Shi-Ku  made  for  Sin  Kai  or  Bhamo,  a  route 
which  brought  them  again  into  contact  with  the,  Chinese.  They  crossed  the 
Mekong  and  Sahven  Rivers,  and  finally  reached  Bhamo,  in  Upper  Burma,  on 
October  21,  after  overcoming  many  obstacles.  At  Yung-chang  further  progress 
seemed  to  be  barred  by  the  refusal  of  the  Carriers'  Union  to  transport  tho  bairgage 
of  foreigners,  and  the  tales  which  the  coolies  had  been  told  of  the  terrors  ot  the 
*  fever  valley '  (Salwen)  had  so  demoralised  them  that  they  were  with  difficulty 
prevented  from  deserting  in  a  body. 

Interesting  observations  were  made  on  the  Lolos  and  Sifans,  as  well  as  on  the 
Shan  tribes  of  the  Tapping  Valley  and  the  Katchins  of  the  mountain  regions  on 
the  border  of  Burma.  The  distance  from  Maha  to  Myothet*  on  tho  Irrawadi,  wns 
estimated  at  874  miles. 

The  journey  afforded  opportunities  of  mapping,  to  some  extent,  the  margin  of 
the  Chengtu  Plain  and  the  rivers  which  fall  into  it  from  the  north.  Portions  of 
the  courses  of  the  Ya-lung  and  Yangtse,  near  Kwa-pit  and  Li-Kiang  respectively. 
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were  also  laid  down  with  more  definiteness  than  had  previously  been  attained. 
These  rivers  both  make  remarkable  bends  which  are  not  given  in  any  European 
map. 

A  number  of  views,  by  Mr.  U.  Lookharl  Jack  and  others,  illustrative  of  the 
journey 'were  exhibited  by  the  aid  of  the  lantern. 


7.  The  Crux  of  the  Upper  Yangtse.    By  ARCHIBALD  LITTLE. 


8.  The  JRrprcsentat  ion  of  the  If  ravens  in  the  Study  of  Cosmography. 
Jly  A.  GALBROX. 
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SECTION  P.— ECONOMIC  SCIENCE  AND  STATISTICS. 

F&ESIDENT  OF  THE  SECTION— Sir  llOBHRT  (iJFPEX,  K.C  ]).,  F.K.S. 


THURSDAY,  SEPTEMBER  12. 
The  President  delivered  the  following  Address :  — 

The  Im})ortance  of  General  Statistical  Ideas. 

I  TRUST  you  \vill  excuse  me,  on  an  occasion  like  the  present,  for  returning  to  a 
topic  which  I  have  discussed  more  than  once — the  utility  of  common  statistics. 
"\\  hile  we  are  indebted  for  much  of  our  statistical  knowledge  to  elaborate  special 
inquiries  such  as  were  made  by  Mr.  Jevons  on  prices  and  the  currency,  or  have 
lately  been  made  by  Mr.  Booth  into  the  condition  of  the  London  poor,  we  are 
indebted  for  other  knowledge  to  continuous  utlicial  and  unoflicial  records,  which 
keep  us  posted  up  to  date  as  to  certain  facts  of  current  life  and  business,  without 
which  public  men  and  men  of  business,  in  the  daily  concerns  of  life,  would  be  very 
much  at  a  loss.  What  seems  to  me  always  most  desirable  to  understand  is  the 
importance  of  some  of  the  ideas  to  be  derived  from  the,  most  common  statistics  of 
the  latter  kind — the  regular  records  of  statistical  facts  which  modern  societies 
have  instituted,  especially  the  records  of  the  census,  which  have  now  existed  for  a 
century  in  most  European  countries  and  among  peoples  of  European  origin. 
Political  ideas  and  speculation  are  necessarily  coloured  by  ideas  •ni-jiiiiitiii^1  in 
such  records,  and  political  action,  internationally  and  otherwise,  would  be  nil  the 
•wiser  if  the  records  wore  more  caiefully  observed  than  they  are,  and  the  lesions  to 
be  derived  widely  appreciated  and  understood. 

I  propose  now  to  refer  brietly  to  one  or  two  of  these  ideas  which  were  taken 
up  and  discussed  on  former  occasions,1  and  to  illustrate  the  matter  farther  by  a 
reference  to  one  or  two  additional  topics  suggested  in  the  same  manner,  and  more 
particularly  by  the  results  of  the  last  census  investigations,  which  complete  in  this 
respect  the  record  of  what  may  be  called  the  statistical  century  par  tuccllenrc — 
the  century  which  has  just  clewed. 

Increase  of  European  Population  during  last  Century. 

The  first  broad  fact  then  of  this  kind,  which  I  have  discussed  on  former  occa- 
sions, is  the  enormous  increase  of  the  population  of  Kuropenu  countries  and  of 
peoples  of  European  origin  during  the  century  just  passed,  especially  the  increase 
of  the  English  people  and  of  the  United  States,  along  with  the  comparative 
stationariness  of  the  population  of  one  or  two  of  the  countries,  particularly  France, 
at  the  same  time.  The  growth  all  round  is  from  about  170  millions  at  the  begin- 
ning of  the  century  to  about  510  millions  (excluding  South  American  countries  and 
Mexico) ;  while  the  growth  of  the  United  States  alone  is  from  a  little  over  5  to 
nearly  80  millions,  and  of  the  English  population  of  the  British  Empire  from 
about  15  to  55  millions.  Germany  and  .Russia  also  show  remarkable  growth — 

1  Of.  Essays  in  Finance,  2nd  series,  pp.  275-36 1,  and  Proceedings  of  Manchester 
Statistical  Society,  October  17  1900. 
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from  20  to  C5  millions  in  the  ono  case,  and  from  40  to  135  millions  in  the  other — 
partly  due  to  annexation  ;  but  the  gj'owth  of  France  is  no  more  than  from  25  to 
40  millions.  Without  discussing  it,  we  may  understand  that  the  economic 
growth  is,  equally  if  not  more  remarkable.  The  eflect  necessarily  is  to  assure  the 
preponderance  of  European  peoples  among*  the  races  of  the  world — to  put  aside 
completely,  for  instance,  the  •  v1.!::.  :••  -  of  yollow  or  black  perils  arising  from  the 
supposed  overwhelm  ing1  mass  •  :  \  '.  -\\  or  black  races,  these  races  by  comparison 
being  stationary  or  nearly  so.  The  increase  of  population  being  continuous,  unless 


reasons,  notwithstanding  the  stationariness  of  its  population,  may  still  be 
amongst  them.  When  ono  thinks  what  international  politics  were  o-ily  a  hundred 
yeur*  ago — how  supreme  France  then  appeared ;  how  important  were  Austria, 
Italy,  Spain,  and  even  countries  like  Holland,  Denmark,  and  Swedt-u — we  may 
purely  recognise  that  with  a  comparative!}  new  1'nite.d  States  on  the  stage,  and 
•with  powers  liku  Uussia  and  (Germany  come  to  the  front,  the  world  is  all  changed 
politically  ns  well  as  economically,  and  that  now  passions  and  new  rivalries  have 
to  be.  considered. 

The  figures  also  suggest  that  for  some  timo  at  least  the  movements  going  on 
must  accentuate  the,  changw  that  has  occurred.  According  to  the  latest  figures, 
there  is  no  sign  that  dth-  •  in  France  or  any  other  Europe.au  country  which  has 
been  comparatively  stationary  has  any  growth  of  population  commenced  which 
will  reverse  the  change,  while,  a  large  increase  of  population  goes  on  in  the  lead- 
ing countries  named.  This  inercjiso,  it  is  alleged,  is  going  on  at  a  diminishing 
rate — a  point  fo  l»e  discussed  afterwards-  -but  in  the  next  generation  or  two  therts 
is  practically  no  doubt  that  the  United  States  will  be  a  larger  international  factor 
than  if  is,  both  absolutely  and  relatively,  and  that  llussia,  Germany,  and  the 
English  people,  of  the  British  Empire  will  al>o  grow,  though  not  in  such  a  way, 
apparently,  as  to  prevent  the  greater  relative  growth  of  the  United  States,  and 
notwithstanding  perhaps  some  relative  changes  of  u  minor  character  amongst 
themselves. 

The  foreign  nations  then  with  whir,h  tho  r»rilish  Empire  is  likely  to  be  con- 
cerned in  the  near  future  are  ISussia,  Germany,  and  the  United  States;  and  other 
Powers,  even  France,  must  more  and  moru  occupy  a  second  place,  although 
France,  for  the  moment,  partly  in  consequence  of  its  relations  with  Russia, 
occupies  a  special  place. 

Special  Position  of  Jiritish  Empire. 

Another  idea  which  follows  from  a  consideration  of  the  same  facts  is  tho 
necessity  laid  upon  the  J»iitish  Empire  to  consolidate  and  organise  itself  in  uew 
of  the  large  additions  of  subject  races  made  to  it  in  the  last  century,  aijd  especially 
in  the  last  1  \\cnty  years  of  the  century.  In  u  paper  which  I  read  before  the  lloyal 
Colonial  Institute  two  years  ago,  an  attempt  was  made  to  show  that  the  burden 
imposed  on  tho  white  races  of  the  Empire  by  these  recent  acquisitions  was  not 
excessive  as  far  as  tho  prospect  of  internal  tumults  was  concerned.  1  relatively  to 
soniu  other  Towers,  especially  France,  we  ha\  e  also  been  gaining  internationally  in 
strength  and  resources.  But  whether  we  had  gained  internationally  on  the  whole, 
looking  at  the  growth  of  Powers  like  Kussia,  tho  United  States,  and  Germany, 
and  their  greater  activity  in  world-politics,  was  a  different  question.  Tho  problem 
thus  stated  remains.  It.  would  be  foreign  to  the  scope  of  nn  address  like  this, 
which  must  avoid  actual  politics,  to  examine  how  far  light  has  been  thrown  on  it 
by  the  South  African  war.  No  one  can  question  at  least  that  the  organisation  of 
the  Empire  must  be  governed  by  considerations  which  the  international  statistics 
suggest,  and  that-  no  step  can  be  taken  safely  and  properly  unless  our  public  men 
fully  appreciate  the  ideas  of  international  strength  and  resources  as  well  as  other 
considerations  which  are  germane  to  the  subject. 
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Europe  and  Foreign  Food  Supplies. 

Another  idea  to  which  attention  may  bo  drawn  appears  to  be  the  increasing 
dependence  of  European  nations  upon  supplies  of  food  and  raw  material  obtained 
from  abroad.  We  are  familiar  with  a  conception  of  this  kini  as  regards  the 
United  Kingdom.  For  years  past  we  have  drawn  increasing  supplies  from 
abroad,  not  merely  in  proportion  to  the  growth  of  population,  but  in  larger  pro- 
portion. The  position  here  obviously  is  that,  with  the  industries  of  a^ririilturo 
and  the  extraction  of  raw  material  (except  as  regards  the  one  article,  roal)  prac- 
tically incapable  of  expansion,  and  with  a  population  which  not  only  increases  in 
numbers,  but  which  becomes  year  by  year  increasingly  richer  per  head,  the  con- 
suming  power  of  the  population  increases  with  enormous  rapidity,  and  must  be 
satisfied,  if  at  all,  by  foreign  imports  of  food  and  raw  materials  ;  there  i.s  no  other 
means  of  satisfaction.  Hut  what  is  true  of  the  United  Kingdom  is  true  in  a  greater 


and  manufacturing,  and  where  the  room  for  expansion  in  agriculture  is  now  \vry 


limited.  Those  interested  in  the  subject  may  bo  referred  to  an  excellent  paper  by 
Mr.  Crawford,  read  at  the  Royal  Statistical"  Society  of  London  about  two  years 
ago.  What  1  am  now  desfrous  to  point  out  is*  the  --x^:iii!_  ratuiv  of  tin* 
ideu,  which  necessarily  follows  iroin  tho  conception  of  a  l.im'j'an  population 
living'  on  a  limited  area,  with  the  a«rnnil!imil  and  cx'mctivo  possibilities  lontf 
since  nearly  exhausted,  and  the  population  ail  the  tune  increasing  in  numbers  and 
wealth.  Such  a  population  must  import  more  and  more  year  by  \ear,  and  must 
be  increasingly  dependent  on  foreign  supplies. 

I  shall  not  attempt  to  do  over  again  what  is  done  in  Mr.  Crawford's  paper,  but 
a  few  figures  may  serve  to  illustrate  what  is  meant.  In  the  *  Statistical  Abstract  ' 
for  the  principal  and  other  foreign  countries  T  iind  tables  for  certain  Kuropcan 
countries  classifying  the  imports  for  a  series  of  years  into  articles  of  food,  raw  and 
semi-manufactured  articles,  &c.  From  these  I  extract  the  following  particulars 
for  all  the  countries  which  have  tables  in  this  form  : — 


Imports  of  Articles  of  Food  ami  Ram  Materials  and  Xeini- manufactured 
Articles  into  the  undermentioned  Countries  in  1H8S  and  1S9K  compared. 


Inert-use 

i           1888                      18«.)W 

Amount       Tor  Cent. 

ARTICLES  OF  FOOD,  &c. 

Russia       .        .  1,000  roubles 

78,975 

105,391 

27,4  1(> 

! 
35 

German  Empire   mln.  marks 

1)07 

1,819 

912 

100 

France       .        .    1,000  francs 

1,50:5,000 

1,505,000 

Nil 

Nil 

Switzerland        .            „ 

238,000 

8112,000 

94,000 

40 

Italy           .        .     1,000  lire 

274,4X0 

391,000 

117,120 

42 

Austria-Hungary  1,000  gulden 

f    (1891)    \ 
1  108,4  U    J 

191,910 

1)2,178 

85 

RAW  AND  SJSME-MANUFACTUBKIJ  MATJJBIALH. 

Russia       .        .  1,000  roubles 

2-11,497            313,629 

71,132 

29 

German  Empire  mln.  marks 

1,507                2,247 

740     ,         19 

France       .        .    1,000  francs 

2,01  1                2,848 

334              10 

Switzerland                    „ 

308,110 

390,111 

82,001     ;         27 

fraly           .        .     1,000  lire 
Austria-Hungary  1,000  gulden 

398,930            509,418 
231,000            293,000 

111,088     '         28 
02,000             27 
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The  drawback  to  this  table  is  that  it  is  one  of  values.  Consequently  the  in- 
crease of  values  in  the  later  years  may  in  part  be  one  of  values  only  without  corre- 
sponding increase  of  quantities.  But  the  general  course  of  prices  in  the  period  in 
question  was  not  such  as  to  cause  a  great  change  of  values  apart  from  a  cliange  in 
quantities.  The  inference  seems  undeniable,  then,  that  the  Continental  countries 
named,  especially  Germany,  have  largely  increased  their  imports  of  food  and  raw 
materials  of  recent  years — that  is,  have  become  increasingly  dependent  on  foreign 
and  oversea  supplies.  The  position  of  Germany,  with  its  enormous  increase  of 
food  imports—from  007  to  1,819  million  marks,  or  from  45  to  over  90  million 
sterling,  and  its  corresponding  increase  of  raw  material  imports — from  1,507  to 
2,247  million  marks,  or  from  75  to  112  million  •**••:]'.:.  -  \»  especially  remarkable. 

An  examination  in  detail  of  the  quantities  •••  ;•  •;-•• !  !'  particular  article .  would 
fully  confirm  the  impression  given  by  the  summary  figures.  But  it  m*iy  be  enough 
to  refer  to  the  'Statistical  Abstract'  from  which  I  have  bh?en  quoting,  as  well  as 
to  Mr.  Crawford's*  paper.  The  figures  are  not  out  of  the  way  in  any  respect,  and 
it  is  the  idea  we  have  now  to  get  hold  of. 

The  inference  is  that  the  difference  between  the  United  Kingdom  and  Continental 
countries,  especially  Germany,  as  regards  dependence  on  foreign  supplies  of  food 
and  raw  materials,  is  only  one  of  degree,  and  that,  as  regards  Germany  at  least, 
the  conditions  are  already  remarkably  like  those  of  the  United  Kingdom,  while  the 
more  rapidly  Germany  incr-ases  its  manufacturing  arid  industrial  population,  the 
more  like  it  will  become  to  this  country.  In  other  words,  in  the  future  there  will 
be  two  great  countries,  and  not  one  only,  dependent  largely  for  their  food  and  raw 
materials  on  supplies  from  abroid.  What  their  position  is  to  be  economically  and 
otherwise  relatively  to  the  United  States,  which  is  at  once  the  main  source  of 
supply,  and  a  competitor  \vith  European  countries  in  manufactures,  is  obviously  a 
matter  of  no  little  interest.  As  a  believer  in  free  trade,  I  am  sure  that  nothing 
but  good  will  come  to  all  tin;  countries  concerned  if  trade  is  interfered  with  as  little 
as  possible,  by  tariffs  and  Government  regulations.  I  believe,  moreover,  that  the 
practice  of  free  trade,  whatever  their  theoiies  may  be,  will  unavoidably  be  accepted 
by  all  three  countries  before  long.  Obviously,  however,  as  the  new  tariff  in 
Gfermany  indicates,  there  is  to  be  a  great  struggle  in  that  country  before  the 
situation  is  accepted ;  and  if  some  people  in  this  country  had  their  way,  not- 
withstanding our  long  experience  of  free  trade  and  its  blessings,  we  should  even 
have  a  struggle  here. 

There  is  another  point  of  view  from  which  the  facts  should  be  studied.  We 
are  accustomed,  and  rightly  so,  1  think,  to  consider  naval  preponderance  indis- 
pensable to  the  safety  of  the  Empire,  and  especially  indispensable  to  the  safety  of 
the  country  from  blockade,  and  from  the  interruption  of  its  commerce,  which 
would  be  our  ruin.  Hut  our  position  in  this  respect  is  apparently  not  quite 
exceptional.  Less  or  more  our  Continental  neighbour**,  and  especially  Germany, 
are  in  the  same  boat.  In  the  event  of  war,  if  they  could  not  make  up  the  loss  by 
traffic,  OVIT  their  land  frontiers,  they  would  be  ju«t  as  liable  to  suffer  from  blockade 
and  interrupted  commerce  as  we  are.  It  is  conceivable,  moreover,  that  in  certain 
wars  some  of  the  countries  might  not  be  able  1o  make  up  by  traffic  over  their  land 
frontiers  for  blockade  or  interruption  of  commerce  by  sea.  We  may  apprehend, 
for  instance,  that  Germany,  if  it  were  victorious  by  sea  in  n  war  with  France, 
would  insist  upon  Belgium  and  Holland  on  one  side,  and  Italy  and  Spain  on  the 
other  side,  not  supplying  by  land  to  France  what  had  been  cut  off  by  sea.  One  or 
more  of  these  countries  might  bo  allies  with  Germany  from  the  first.  Contrari- 
wise France  and  Russia,  if  at  war  with  Germany  and  the  Triple  Alliance,  might 
practically  seal  up  Germany  if  they  were  successful  at  sea,  insisting  that  the 
Scandinavian  countries  and  Holland  should  not  make  up  to  Germany  by  land  what 
had  been  cut  off  by  sea.  Germany  in  this  view,  apart  from  any  possibility  of 
rupture  with  this  country,  has  a  case  for  a  powerful  fleet.  It  is  not  quite  so  much 
liable  to  a  blockade  as  we  are,  but  there  is  a  liability  of  the  same  kind.  The 
question  of  naval  preponderance  among  rival  powers  may  thus  become  rather  a 
serious  one.  If  preponderance  is  to  be  nearly  as  essential  to  Germany  as  it  is  to 
this  country,  who  is  to  preponderate  P  What  our  practical  action  ought  to  be  in 
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the  premises  is  a  question  that  might  easily  lead  us  too  fur  on  an  occasion  like  this, 
but  the  facts  should  be  ever  present  to  the  minds  of  our  public  men.  We  may  be 
quite  certain  that  they  are  quite  well  known  and  understood  in  the  councils  of  the 
Russian,  German,  French,  and  other  Continental  Governments. 


New  Population  and  New  Markets. 

Another  idea  suggested  by  the  facts  appears  to  be  an  answer  to  the  question  as 
to  how  new  markets  are  to  be  found  for  the  products  of  an  increasing1  population — 
a  question  which  vexes  the  mind  of  many  who  &ee  in  nothing  but  foreign  trade  an 
outlet  for  new  energies.     The  point  was  mentioned  in  my  address  at  Manchester 
a  year  ago,  but  it  deserves,  perhaps,  a  more  elaborate  treatment  than  it  was  pohsible 
then  to  give  it.    What  we  see  then  is  thai  not  only  in  this  country,  hut  in  Germany 
and  other  Continental  countries,  millions  of  new  people  are,  in  fact,  provided  ^for 
in  every  ten  years,  although  the  resources  of  the  country  in  food  and  raw  materials 
are  generally  used  to  the  full  extent,  and  not  capable  of  farther  expansion,  so  that 
increasing  supplies  of  food  and  raw  material  have  to  be  imported  from  abroad. 
How  is  the  thing  done?    Obviously  the  main  provision  for  the  wants  of  the  new 
people  is  effected  by  themselves.    They  exchange  services  wiih  each  other,  and  so 
procure  the  major  part  of  the  comfort*  and  luxuries  of  life  which  they  require. 
The  butcher,  the  baker,  the  tailor,  the  dressmaker,  the  milliner,  the  blioumnlcer,  the 
builder,  the  teacher,  the  doctor,  the  Lawyer,  and  to  on,  are  all  working  for  each 
other  the  most  part  of  their  lives,  and  the  proportion  of  exchanges  with  foreign 
countries  necessary  to  procure  some  things  required  in  the  general  economy  maybe 
very  small.     These  exchanges  may  also  very  laigely  take  the  form  of  a  remittance 
of  goods  by  foivign  countries  in  payment  of  interest  on  debts  which  they  owe,  so 
that  the  communities  in  question  obtain  much  of  what  they  want  from  abroad  by 
levying  a  kind  of  rent  or  annuity  which  the  foreigner  has  to  pay.     If  more  is 
required,  it  may  be  obtained  by  special  means,  as,  for  instance,  by  the  working  of 
coal  for  export,  which  gives  employment  in  this  coimtiv  to  about ^1)0,000  inimjja, 
by  the  employment  of  shipping  in  the  carrying  trade,  by  the  manufacture  of  special 
lines  of  goods,  and  so  on.     But  the  main  exchanges  of  any  country  are,  and  must 
be,  as  a  rule,  at  home,  and  the  foieign  trade,  however*  important,  will  always 
remain  within  limits,  and  bearing  some  proportion  to  the  total  exchanges  of  the 
country.    Hence,  when  additions  to  the  population,  and  how  they  ore  to  live,  are 
considered,  the  answer  is  that  the  additions  will  fill  up  proportionately  the  frame- 
work of  the  various  industries  already  in  existence,  or  the  ever-changing  ^new 
industries  for  home  consumption  which  aro  always  starting  into  being.    These 
are  the  primary  outlets  for  new  population  even  iii  old  countries  like  the  United 
Kingdom  and  Germany.    Of  course,  active  traders  and  manufacturers,  each  in  his 
own  way,  are  not  to  take  things  for  granted.    They  must  strive  to  spread  their 
activities  over  foreign  as  well  as  over  home  markets.     But  looking  at  the  matter 
from  the  outside,  and  scientifically,  it  is  the  home  and  not  the  foreign  inaiket 
which  is  always  the  most  important. 

The  same  may  be  said  of  a  country  in  r-  somewhat  different  economic  condition 
from  England  and  Germany,  viz.,  the  United  States.  I  can  only  refer  to  it, 
however,  in  passing,  as  the  facts  here  are  not  so  clearly  on  the  surface.  Contrary 
to  England  and  Germany,  which  have  no  food  resources  and  resources  of  raw 
material  capable  of  indefinite  expansion,  the  United  States  is  still  to  a  largo 
extent  a  virgin  country.  Its  increasing  population  is  therefore  provided  for  in  a 
different  way  for  the  most  part  from  the  increase  in  England  and  Germany.  But 
even  in  the  United  States  it  has  been  noticeable  at  each  of  the  last  census  returns 
that  the  increasing  population  finds  an  outlet  more  and  more  largely,  not  in  agri- 
culture and  the  extraction  of  raw  materials,  but  in  the  miscellaneous  pursuits  of 
industry  and  manufacture.  The  town  population  increases  disproportionately.  In 
the  last  census  especially  it  was  found  that  the  overflow  of  population  over  the 
far  Western  States  seemed  to  have  been  checked,  the  increase  of  population  being- 
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mainly  in  the  older  States  and  the  towns  and  cities  of  the  older  States.  The 
phenomena  in  England  and  Germany  arid  in  other  Continental  countries  are 
accordingly  not  singular.  The  older  countries,  and  the  older  parts  oven  of  a  row 
country  like  t lie  United  Stales  are  becoming  more  and  more  the  centres  where 
populations  live  and  grow,  because  they  are  the,  most  convenient  places  for  the 
general  exchange  of  services  with  each  other  among  the  component  parts  of  a  large 
population,  which  constitutes  production  and  consumption.  A  small  expenditure 
of  effort  in  proportion  enables  such  communities  to  obtain  from  a  distance  the  food 
and  raw  materials  which  they  require.  Migration  is  no  longer  the  necessity  that 
it  was. 


Decline  in  Rale  of  Growth  of  Population. 

I  come  now  to  another  idea  appearing  on  the  surface  of  the  census  returns 
when  they  are  compared  for  a  long  time  pist,  and  the  connected  returns  of  births, 
marriages,  and  deaths,  which  have  now  been  kept  in  most  civilised  communities 
for  generations.  Great  as  the  increase  of  population  is  with  which  we  have  been 
dealing,  there  are  indications  that  the  rate,  of  growth  in  the  most  recent  census 
periods  is  lea**  in  many  quarters  than  it  formerly  was  while  there  has  been  a 
corresponding  decline  in  the  birth-rates;  and  to  home  extent,  though  not,  to  the 
same  extent,  in  the  rate  of  the,  excels  of  births  over  deaths,  which  is  the  ciitical 
rate  of  course,  in  a  question  of  the  increase  of  population.  These  facts  have  sug- 
gested to  some  a  question  as  to  how  far  tin*  increase  of  population  which  has  been, 
so  marked  in  the  past  century  i«*  likely  to  continue,  an«l  sp'vulations  have  been 
indulged  in  ns  to  whether  there  is  a  real  decline  in  the  fecundity  of  population 
among  the  peonies  in  question  resembling  the  decline  in  France,  both  in  its  nature 
and  consequences.  I  do  not  propose  to  discuss  all  thewe  various  questions,  but 
rather  to  indicate  the  wav  iu  which  the  problem  is  suggested  by  the  statistics,  and 
the  importance  of  the  questions  thu*  raised  for  discus-ion,  as  a  proof  of  tho  value 
of  tho  continuous  statistical  records  themselves. 

Tho  I'nited  States  naturally  claims  tirst  attention  in  a  matter  like  this,  bntli 
on  account  of  the  magnitude  of  the  increase  of  population  there,  and  the  evidence 
that  recent  growth  ha*  not  been  quite  the  same  as  it  wa<*  earlier  in  the  century. 
Continuing  a  tuble  which  was  printed  in  my  address  as  Pivsidvnt  of  the  Statistical 
Society,  in  1*82,  stbove  refeireii  to,  we  find  that  tho  growth  of  population  in  the 
l:nite<l  States  sinc*e  1*00  has  been  as  follows  in  each  census  period:-  - 

Population  In  the  United  Mtifw,  and  Inereate  'in  eaeh  Census  Period  of  the 
Nineteenth  Century. 

Increase  since  previous  Census 
Amount  Per  Cent.  | 

Millions  1 


'   1801) 

1S10 

'   1820 

is;n> 
IMo 


'  18(U) 
,  1870 


i  1890 
.   1MO 


Millions 


- 

ou 

12-1) 
17-1 


:',S5 
50-1 
f>2  G 
75-7' 


1 

!) 

.'JG                 ' 

o.i                                    jjjj 

•] 

:n 

1-2 

(\ 

1 

'Mj 

x 

2 

H(i 

~ 

I 

23 

11 

Mi 

30 

12-5 

25 

13 

•1 

21 

•  This  does  not  include  population  of  Indian  reservations,  &c.,  now  included  in 
the  official  census  for  the  iirst  time. 
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Thus  it  is  quite  plain  that  something  has  happened  in  the  United  States  to 
diminish  the  rate  of  increase  of  population  after  1880.  Up  to  that  time  the 
growth  in  each  census  period  from  1800  downwards  had  ranged  between  33  and 
#6  per  cent.  Since  then  the  highest  rates  have  been  30  per  cent,  between  1870  and 
1880,  and  25  per  cent,  between  1880  and  1890.  There  is  a  suspicion,  moreover, 
that,  owing  to  errors  in  tho  census  of  1870,  which  were  corrected  in  1880,  the 
increase  between  1870  and  1880  was  not  quite  so  high  as  stated.  There  is  ac- 
cordingly a  somewhat  steep  decline  from  a  growth  in  each  ten  years  prior  to  I860, 
ranging  between  33  and  36  per  cent.,  to  a  growth  first  of  about  25  per  cent.,  and 
finally  of  21  per  cent.  only.  Tho  Ci\il  "War  of  the  early  sixties  naturally  occurs 
to  one  as  the  explanation  of  the  break  immediately  after  1800,  but  the  effect H 
could  hardly  have  continued  to  the  present  time,  and  a  more  general  explanation 
is  suggested. 

Other  special  explanations  have  occurred  to  me  «s  partly  iuvmintin^  for  the 
change.  One  is  that,  prior  to  18t"50,  the  United  States  at  different  times  in- 
creased its  territory  and  population  partly  by  purchase  and  partly  by  annexation. 
But  I  cannot  make  out  that  either  the  purchase  of  Louisiana  early  in  the  century, 
or  the  subsequent  annexations  following  the  Mexican  war,  would  make  a  material 
difference.  There  is  a  considerable  increase  certainly  after  the  Mexican  war,  but 
it  would  be  difficult  indeed  to  estimate  how  much  of  the  population  of  Texas  and 
New  Mexico,  which  was  then  added  to  the  Union,  had  previously  swarmed  over 
from  the  Union,  and  had  thus  been  from  the  first  economically,  if  not  politically, 
part  of  the  United  States.  Another  olnious  suggestion  is  that  possibly  immigra- 
tion into  the  United  States  ha<*  fallen  oft'  as  compared  with  what  it  formerly  was. 
But  this  explanation  also  fails,  as  far  as  tho  official  figures  carry  us.  The  pro- 
portion of  immigration  to  the  total  increase  of  population  in  each  census  period 
since  1820,  previous  to  which  I  have  not  been  able  to  obtain  figures,  has  been  as 
follows : — 

Proportion  of  Immigration  io  Total  Increase,  of  Population  in  the  undermentioned 
Periods  in  the  United  Mates. 

Per  Cent.  ;  J'or  Ct:nt. 

1820-30  ....       4-7  i  lHfiO-70  ....     3r>  0 

1830-10  ....     1-1-2  '  1870-HO  ....     21-2 

1840-50  ....     27-9  !  1880-00  ....     42-1 

1850-60  ....     ;U-5  18'.K)-1M)0        .         .         .     29- i 

Immigration,  according  to  these  figures,  has  thus  in  late  years  played  as 
important  a  part  as  it  formerly  did  in  the  increase  of  population  in  the  United 
States.  Possibly  the  official  figures  of  immigration  of  late  years  aro  a  little 
exaggerated,  as  the  United  States  Government  does  not  show  a  balance  between 
immigration  and  emigration ;  but  whatever  correct  ions  may  l»e  made  on  this 
account,  the  recent  figmes  of  immigration  are  too  large  to  permit  the  supposition 
that  the  failure  of  immigrants  accounts  in  tho  main  for  the  diminished  rate  of 
increase  of  the  population  generally.  The  ten  years'  percentage  of  increase  with- 
out immigrants,  1  may  say,  varied  before  1800  between  24  and  32  per  cent.,  and 
has  since  fallen  to  14  and  15  per  cent.  Even  if  the  latter  figures  should  be 
increased  a  littlo  to  allow  for  the  over-estimate  of  immigration,  the  change  would 
be  enormous. 

Passing  from  the  United  States,  we  meet  with  similar  phenomena  in  Aus- 
tralasia. Indeed,  what  has  happened  in  Australasia  of  late  has  been  attracting  a 
good  deal  of  attention.  The  following  short  table,  which  is  extracted  from  the 
statistics  of  Mr.  Coghlan,  the  able  statistician  of  the  Government  of  New  South 
Wales,  gives  an  idea  of  what  has  occurred  : — 
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Population  of  Australasia  at  different  Dates,  with  the  Annual  Increase 
per  Cent,  in  each  Period. 


Annual 

Annual 

Increase 

Increase 

Population 

per  Cent, 
since  previous 
Date 

•    Population 

! 
1 

per  Cent, 
since  previous  . 
Date         ! 

Thousands 

Thousands 

i 

1788 

1-0 

— 

18/51 

130  tj 

7-36 

1801 

0-5 

1513 

1861 

1/253-0 

11-30 

181] 

11  -r> 

inn 

1S71 

1,024* 

4-:w 

1821 

:*5-« 

5  8S 

1KH1 

2,712-.- 

:j  c.o 

IH:»,I 

7D-3 

8-34 

IK'.H 

3.XOS)  1) 

334 

1H11 

211-1 

102S 

i«:»t» 

1,483  0 

iM 

tfttjtj/lctncntart/  Talle  of  Hate  per  Cent,  of  Increase  since  18i)0. 


18!)  I 


Per  Cent. 


1S93 


1895 


-'•10 
l-9«> 
1  1)5 
1-S8 


1807 
1SOS 


Per  Cent. 
.     1-81 

.   i-sr, 

.     1-40 
.     Mi 


Tho  decline  in  the  rate  of  increase  is  so  great  and  palpable  as  to  need  no 
comment. 

Here  the  perturbations  due,  to  immigration  have  obviously  been  greater  than  in 
the  case  of  the  United  State>.  The  country  was,  in  fact,  settled  mainly  between 
lHo()  and  1870,  without  previously  having1  had  a  population  to  speak  of.  But 
deducting  immigration,  the  increase"  would  appear  to  have  been  as  follows  in  each 
decade: — 

Uatc  of  Jnereaxe  JUT  Cent,  of  Population  in   \tiit1ralt/tia.  deducting 
Jmrnif/ratwit,  in  the  under  mrtit  tuned  Periods. 

1'or  Cent.  Per  Cent. 

IS.'il-tfO  .         .         .         .     J8-r>  ISSO-UO  .         .         .         .     JM-.-J 

1S(50_7()  ....     ;UH)  1800-00  .         .         .         .160 

IS70-SO  ....     25-0 

Of  course,  so  long-  as?  immigration  continues,  the  efVirt  is  to  swell  indirectly  the 
natural  increase  of  population,  so  that  the  lar«re,  iiicrenK'S  here  shown  between 
18/il  nnd  1870,  and  even  down  to  18J)0,  may  be  accounted  for  in  part  as  the 
indirect  result  of  the  Inrjre  immigration  that  was  goiiur  on.  J$ut  whatever  the 
cause,  the  fact  is  unmistaknble  that  the  rate  of  increase,  apart  from  the  direct 
immigration,  has  declined  just  HS  it  has  done  in  the  United  States. 

There  has  been  a  ^imilur  though  not  nearly  so  marked  a  decrease  in  England, 
at  any  rat./  if  we  carry  the  comparison  back  to  tho  period  before  1850.  The 
population  :.(  each  censu^  period  since  1800  in  Kngland,  with  the  percentage 
increase  between  each  census  period,  have  been  as  follows: — 

Population  of  England  at  the  Date  of  each  Cen*u*  since  1800.  with  Percentage  of 

luitreen  w-7/ 


Increase  per 

— 

Population 

Cunt,  since 
previous 

Census 

Millions, 

1HOO 

N-ll 

— 

1810 

10-2 

14-0 

1820 

12-0 

18-1 

1830 

i;vo 

15-8 

1840 

ir>-9 

14-5 

1  SfiO 

17-0 

12-1) 

JMiO 
1870 
1SSO 
ISM 
1900 


Population 


Millions. 
20-1 
227 
2(>'0 
29-0 
32-3 


Increase  per  . 
Cent,  since   j 

previous      j 

Census 


11-9 
13-2 
U-4 
11-6 
12-2 
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Thus  the  increase  between  recent  census  periods  has  been  sensibly  less  than  it 
was  before  1850 ;  and  the  slight  recovery  between  18(50  and  1880  has  not  been 
maintained.  We  are  thus  in  presence  of  much  the  same  kind  of  change  as  has 
been  shown  in  the  United  States  and  in  Australasia. 

It  should  be  noted,  however,  ia  order  that  we  may  not  strain  any  fact,  that, 
-when  the  United  Kingdom  is  viewed  as  a  whole,  Scotland  and  Ireland,  as  well  as 
the  senior  partner,  being  taken  into  account,  it  cannot  be  said  that  there  is  any 
Jailing  off  in  the  rate  of  growth  of  the  population  since  1  K30.  For  several  decades 
after  that,  in  fact,  the  rate  of  growth  of  the  United  Kingdom  as  a  whole  was 
diminished  enormously  by  the  emigration  from  Ireland,  and  the  growth  since  1800 
has  been  at  a  greater  rate  thnn  in  the  thirty  years  before.  There  may  be  new 
causes  at  work  which  will  Hgain  diminish  the  rate  of  growth,  but  in  a  broad  view 
they  do  not  make  themselves  visible  owing  to  the  disturbance  caused  by  the  Irish 
emigration.  Still  the  facts  aw  to  the  United  Kingdom  as  a  whole  ought  not  to 
prevent  us  from  considering  the  facts  respecting  England  only  along  with  the 
similar  facts  respecting  the  United  States  and  A ihstralasia. 

These  diminutions  in  the  rate  of  growth  of  large  population*,  as  I  have  indicated, 
are  corroborated  by  a  study  of  the  birth-rates,  and  of  the  rate  of  the  excels  of 
births  over  deaths. 

The  United  States  unfortunately  is  without  birth- or  death-rat es,  owing  to  the 
want  of  a  general  system  of  registration  oxer  the  whole  country.  This  is  a  most 
serious  defect  in  the  statistical  arrangements  of  that  great  country,  which  it  may 
be  hoped  will  be  remedied  in  time.  In  the  absence  of  the  necessary  records  I 
have  made  some  calculations  so  as  to  obtain  a  figure  which  may  be  provihioimlly 
substituted  for  a  proper  rate  of  the  excess  of  births  OUT  death.:,  -\\hicli  I  submit 
for  what  it  may  be  worth  as  mi  approximation,  and  an  approximation  only.  In 
these  calculations  one-tenth  of  the  increase  of  population  between  two  census 
periods,  apart  from  immigration,  is  compared  with  the  mean  of  the  population  at 
the  two  census  dates  themselves,  with  tho  following  results:  — 

Approximate  Rat&jtf  Excess  of  B\ rths  over  Deaths  hi  tlic  1'nitcd  Mates,  caln ulated 
from  a  Comparison  of  One-tentli  the  Increase  of  Itywlatwu  befwren  the  ('rnni* 
Periods,  deduct  tn<j  JmtNigrant*,  with  the  Metru  vf  the  j\  umber*  of  the  Jtyulntwn 
at  the  tiro  Census  Dates. . 


Year 


1800 
1810 
1820 

mo 

1840 
1S50 
18(50 
1S70 
1880 
1890 
1900 


Population 


Millions. 

5-3 

7-2 

90 
121) 
171 

2;j-2 
31-4 

38  .-i 
CO  2 


75-7 


Mean 
of  Population 

between 
two  Censuses 


Millions, 

(i-2 

H-4 
11-2 
15-0 
20-1 
27-3 
3:VO 
•U-4 
5G-4 
69-2 


JJ 

One- tenth 
of  mcrcHHC  since 
previous  Census, 

loss 
Immigrants 

Thousands. 


308 
:!GO 
IH 
T>65 
462 
878 
722 
923 


Calculated  Excess 

1      of  Births  OUT 

Deaths  per  1,000, 

proportion  of 

Col.  3  to  Col,  ii 


2S 
21 
2'J 
21 
13 
20 
13 
J3 


Thus,  while  the  excess  rate  was  ns  hijrh  as  21  to  28  per  1,000  before  1800,  it 
has  since  fallen  to  one  of  13  only,  or  about  one-half.  NYhat ever  validity  may 
attach  to  tho  method  of  calculation,'  the  real  facts  would  no  doubt  show  a  change 
in  the  direction  of  the  table — a  decline  in  the  rate  of  the  excess  of  births  over 
deaths  from  period  to  period.  The  decline  in  the  growth  of  population  is  thus  not 
merely  the  direct  effect  of  a  change  in  immigration,  but  is  connected  with  the  birth- 
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and  death-rates  themselves,  although  these  rates  are  of  course  indirectly  affected 
by  the  amount  and  proportion  of  immigration.  It  would  he  most  important  to 
know  what  the  decline  in  the  birth-rate  is  by  itself,  and  how  far  its  effects  on  the 
growth  of  population  have  been  mitigated  or  intensified  by  changes  in  the  death- 
rate  ;  but  United  St  ntes  records  generally  give  no  help  on  this  head. 

Dealing  with  Australasia  iu  the  same  way,  we  have  the  advantage  of  a  direct 
comparison  of  both  birth-  and  death-rates  and  the  rate  of  the  excess  of  births  ovnr 
deaths.  This  is  done  in  the  following  table  :  — 

JiirtJi-rate  and  Death-fate,  and  llatr  vf  Jfj'crxs  of  Births  over  Death*  i»  Australasia 
fur  under  Mentioned  years. 

[  From  Mr.  Coghlan's  statistic*.] 


1801-65 
1800-70 
1871-75 

1870-80 

1881-85 

1880-00 
1801-95 
1800-00 


Birth-rate 

41-02 
30-81 

.-J5-21 

31-52 
27  I!5 


Bcath-ruto 

10-75 
15-02 
15-20 


of  Birtlm 
over  Deaths 


11-70 

in  *»5 
12-7* 
12:10 


25'17 
2  i-22 
22-08 

21-.-.4 

20-42 

20  4s 
18-78 
14-90 


Thus  from  a  high  bhth-rate  forty  years  ngo  Australasia  has  certainly  gone 
down  to  very  ordinary  birth-rates,  lower  than  in  the  United  Kingdom  and  in 
Continental  countries,  nud  Australasia  certainly  has  had  heavy  declines  in  the  rate 
of  excess  of  births  over  deaths,  \i/.,  from  kJo'17  in  1  Mil  -(ft  to  15  in  18116-90, 
which  is  to  be  compared  with  the  decline  in  the  United  States,  as  above  stated 
approximately,  from  28  in  iSiJO  tfO,  and  21  as  lute  as  IfcffiO,  to  13  in  the  last  twenty 
years. 

A  similar  table  for  England  only  gives  the  following  results:  — 

Mirth-rate  and  Death-rate  and  Hate  of  Kjcirts  of  Mirths  over  Deatlis  in  England 
for  undrrincntioni'd  1'etir*. 


1851 


1871 
188L 
1801 
1800 


Hirtli-rnto  per 
1,000 


IH-2 

:u-« 


:n-4 

20-3 


Death-rato  per 
1,000 


22-0 

21-0 

22-0 


2i>-2 

IS  15 


Kxcos*»  of  Birth-    , 

rate  ovrr  Death-   < 

rftte  I 

12-2  | 

130 

12-4 
15-0 

11-2 

11-0 


/'.  -  Hitfh.-st  birth-nito  in  1N7C>, 


Here  the  birth-rates,  to  begin  with,  are  not  PO  high  os  in  Australasia,  and 
presumably  in  the  United  States,  and  the  excess  of  births  over  deaths,  though  it 
has  declined  a  good  deal  sinro  1871  -SI,  when  it  was  highest,  has  been  by  com- 
parison fairly  well  maintained,  being  still  1  1  per  1,000,  as  compared  with  12*^  in 
1851. 

AVe  have  thus  on  one  side  a  manifest  decline  in  the  rate  of  growth  of  population 
in  three  largo  groups  of  population,  coupled  with  a  larg«  decline  of  birth-rates  in 
England  and  Australasia  where  the  facts  are  known,  and  a  smaller  decline  in  the 
rate  of  the  excess  of  births  over  deaths,  this  decline  in  England  as  yet  being  com- 
paratively small.  Such  facts  cannot  but  excite  inquiry,  and  it  is  an  excellent 
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result  of  the  use  of  continuous  statistical  records  that  the  questions  involved  can 
be  so  definitely  raised. 

As  I  have  stated,  it  would  be  foreign  to  the  object  of  this  paper  to  discuss  fully 
the  various  questions  thus  brought  up  for  discussion,  but  one  or  two  observations 
may  be  made  having  regard  to  somo  inferences  which  are  somewhat  hastily  drawn. 

1.  The  rate  of  growth  of  population  of  the  communities  may  still  be  very  con- 
siderable, even  if  it  is  no  higher  than  it  has  been  in  the  last  few  years.    A  growth 
of  16,  15,  or  even  1*2  percent,  in  ten  years,  owing  to  the  excess  of  births  over 
deaths,  is  a  very  considerable  growth,  though  it  is  much  less  tlmn  the  larger  iigures 
which  existed  in  some  parts  forty  or  fifty  years  ago.     What  has  happened  in  the 
United  Kingdom  is  well  worth  observing  in  this  connection.     Since  1840  the 
population  of  the  United  Kingdom  as  a  whole  lias  increased  nearly  GO  per  cent., 
although  the  increase  in  most  of  the  decades  hardly  ever  exceeded  8  per  cent., 
and  in  1840-50  was  no  more  than  2J  per  cent.     The  increase,  it  must  be  remem- 
bered, goes  on  at  a  compound  ratio,  and  in  a  few  decades  an  enormous  change  is 
apparent.    The  increase  from  about  170  to  510  millions  in  the  course  of  the  last 
century  among  European  people  generally,  though  it  includes  the  enormous  growth 
of  the  United  States  in  those  decades,  when  the  rate  of  growth  was  at  the  highest, 
also  includes  the  slower  growth  of  other  periods,  and  the  slower  growths  of  other 
countries.     An  addition  of  even  10  per  cent,  only  as  the  average  every  ten  years 
would  far  more  than  double  the  500  millions  in  a  century,  tuui  an  increase  to  at 
least  1,500  millions  during  the  century  now  beginning,  unless  some  great  change 
should  occur,  would  ;uc-»:di.,_l\  appear  not  improbable. 

2.  Some  of  the  rates  of  growth  of  population  from  which  there  has  been  a 
falling  off  of  late  years  were  obviously  quite  abnormal.     J  refer  especially  to  the 
growth  in  Australasia  between  1850  and  1880,  and  the  growth  in  the  United 
States  prior  to  1860.     They  were  largely  due  to  the  indirect  effect  of  immigration 
which  has  been  already  referred  to. 

The  population  to  which  immigrants  are  largely  added  in  a  few  rears,  owing 
to  the  composition  of  the  population,  has  its  birth-rates  momentarily  increased  and 
its  death-rates  diminished — the  birth-rates  because  there  are  mon1  people  relatively 
at  the  child-producing  ages,  and  the  death-rates  because  the  whole  population  in 
younger,  than  in  older  countries.  It  appears  quite  unnecessary  to  elaborate  this 
point.  The  rates  of  the  excess  of  births  over  deaths  in  a  country  which  is  receiving 
a  large  immigration  must  be  quite  abnormal  compared  with  a  country  in  a  more 
normal  condition,  while  a  country  from  which  there  is  a  large  emigration,  such  as 
Ireland,  must  tend  to  show  a  lower  excess  than  is  consistent  with  n  normal  con- 
dition. This  explanation,  it  may  be  said,  does  not  apply  to  Knglnnd,  since  it  is  n 
country  which  has  not  been  receiving  a  largo  immigration  or  sending  out,  except 
occasionally,  a  large  emigration.  Kngland,  however,  must  have  been  affected  both 
ways  by  movements  of  this  character.  Jt  received  undoul  tedly  a  larjre  Iri.^h 
immigration  in  the  early  part  of  last  century,  and  in  more  recent  periods  the 
emigration  in  some  decades,  particularly  between  1880  and  1*00,  npponts  to  hn\v 
been  large  enough  to  have  a  sensible  effect  on  both  the  birth-rate  und  the  ratr  of 
t ho  excess  of  births  over  deaths.  This  effect  would  be  continued  down  into  th« 
following  decade,  and  the  consideration  is  therefore  on»»  to  be  tnkon  note  of  as 
accounting  in  part  for  the  recent  decline  in  birth-rates  in  Kngland. 

In  addition,  however,  it  is  not  improbable  that  there  was  an  abnormal  increase 
of  population  in  the  early  part  of  last  century,  due  to  the  sudden  multiplication  of 
resources  for  the  benefit  of  a  poor  population  which  had  previously  tended  to  grow 
at  a  very  rapid  rate,  and  would  have  grown  at  that  rato  out  for  tho  checks  of  war, 
pestilence,  and  famine,  on  which  Mai  thus  enlarges.  The  sudden  withdrawn!  of 
the  checks  in  this  view  would  thus  be  the  immediate  cause  of  the  singular!  v 
rapid  growth  of  population  in  the  early  part  of  last  century.  It  is  quite  in 
accordance  with  this  fact  that  a  generation  or  two  of  prosperity,  raising  the  scale 
of  living,  would  diminish  the  rate  of  growth  as  compared  with  this  abnormal 
development,  without  affecting  in  any  degree  the  permanent  reproductive  energy 
of  the  people. 

3.  It  is  also  obvious  that  one  explanation  of  the  decline  in  birth-rate,  and  of 
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the  rate  of  the  excess  of  births  over  deaths,  may  also  be  the  greater  vitality  of  the 
populations  concerned,  so  that  the  composition  of  the  population  is  altered  by  an 
increase  of  the  relative  numbers  of  people  not  in  the  prime  of  life,  so  altering*  the 
proportion  of  the  people  at  the  child-producing-  ages  to  the  total.  This  would  be 
too  complex  a  subject  for  me  to  treat  in  the  course  of  a  discursive  address.  Nor 
would  it  explain  the  whole  facts,  which  include,  for  instance,  an  almost  stationary 
annual  number  of  births  in  the  United  Kingdom  for  more  than  ten  years  past,  not- 
withstanding the  Largely  increased  population.  But  the  case  may  be  one  where  a 
great,  many  partial  explanations  contribute  to  elucidate  the  phenomena,  so  that  this 
particular  explanation  cannot  be  overlooked. 

4.  Them  remains,  however,  the  question  which  many  people  have  rushed  in  to 
discuss — vix.,  whether  tho  reproductive  power  of  the  populations  in  question  is 
quite  as  great  as  it  was  fifty  or  sixty  years  ago.     We  have  already  heard  in  some 
quarters,  not  merely  that  tho  reproductive  energy  has  diminished/ but  suggestions 
that  the  populations  in  question  are  following  the  example  of  the  French,  where 
the  rate  of  increase  of  the  population  has  almost  come  to  an  end.   Apart,  however, 
from  the  suggestions  above  made  as  to  the  abnormality  of  the  increase  fifty  or 
sixty  years  ago,  so  that  some  decline  now  is  rather  to  be  expected  than  not,  I 
would  point  out  that  the  subject  is  about  a*  full  of  pitfalls  as  any  statistical 
problem  can  be,  for  the.  simple  reason  that  it  can  only  be  approached  indirectly,  as 
there  have  been  no  statistical  records  over  a  long  series  of  years  showing  the  pro- 
portion of  births  to  married  women  nt   tho  child-producing  ages,  distinguishing 
the  ages,  and  showing  at  the  same  time  the  proportion  of  the  married  women  to 
the  total  at  those  ages.     Tnless  there  are  some,  .such  statistics,  direct  comparisons 
are  impossible,  and  a  irood  many  of  the  indirect  methods  of  approaching  the  sub- 
ject which  I  have  studied  a  little  appear,  to  say  the  least,  to  leave  much  to  be 
desired.     We  find,  for  instance,  that  a  comparison  has  been  made  in  Australasia 
between  the  number  of  marriages  in  a  given  year  or  years  and  the  number  of 
births  in  the  fivo  or  six  years  following,  which  show,  it  is  said,  a  remarkable 
decline  in  the  proportion  of  births  to  marriages  in  recent  years  as  compared  with 
twenty  or  thirty  year?  ago.     It  is  forgotten,  however,  that,  at  the  earlier  dates  in 
Australasia,  when  a  large  immigration  was  taking  place,  a  good  many  of  the 
children  born  were  the  children  of  parents  who  had  been  married  before  they 
entered  the  country,  while  there  are  hardly  any  children  of  such  parents  at  a  time 
when  immigration  has  almost  ceased.     The  answer  to  such  questions  is  in  truth 
not  to  be  rushed,  and  tho  question  with  statisticians  should  rather  bo  how  the 
statistics  are  to  be  improved  in  future,  so  that,  although  the  past  cannot  be  fully 
explained,  the  regular  statistics  themselves  will  in  future  give  a  ready  answer. 

5.  One  more  remark  may,  perhaps,  be  allowed  to  me  on  account  of  the  delicacy 
nnd  interest  of  the  subject.     To  a  certain  extent  the  causes  of  a  decline  in  repro- 
ductive energy  may  bo  part,  and  parcel  of  the  improved  condition  of  the  popula- 
tion, which  leads  in  turn  to  an  increase  of  the  age  at  niarringe,  and  an  increase  of 
celibacy  generally  through  the  indisposition  of  individual  members  of  the  com- 
munity  to  run  any  risk  of  sinking  in  the  scale  of  living  which  they  may  run  by 
premature  marriage.     These  causes,  however,  may  operate  to  a  great  extent  upon 
the  birth-rate  itself  without  diminishing  the  growth  of  population,  because  the 
children,  though  born  in  SHIP  Her  proportion,  are.  better  cared  for,  and  the  rate  of 
excess  of  births  over  deaths  consequently  remains  considerable,  although   the 
birth-rate,  itself  is  low.    The  serious  tact  would  be  a  decline  of  the  rate  of  the 
excess  of  births  over  deaths  through  tho  death-rate  remaining  comparatively  high 
while  the  birth-rate  falls.     It  is  in   this  conjunction  that  the  gravity  of  the 
RtationarinepH  of  population  in  France  appears  to  he.     While  the  birth-rate  in 
France  is  undoubtedly  a  low  one,  2H>  per  1,000  in  1800,  according  to  the  latest 
figures  before  me,  still  this  would  have  been  quite  sufficient  to  ensure  a  consider- 
able excess  rate  of  births  over  deaths,  and  a  considerable  increase  of  population 
every  ten  years  if  the  death-rate  had  been  as  low  as  in  the  IV*-4.  Tv*  ::J-"-i     •.",*  . 
18-3  per  'l,000.     A  difference  of  8-C  per  1,000  upon  a  ;   ;  ,'r:         :'  ,  i,  .-, 
40  millions  comes  to  about  160,000  per  annum,  or  1,500,000  and  rather  more 
every  ten  years.    In  France,  however,  tho  death-rate  was  21-1  per  1,000,  instead 
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of  18'3,  as  in  the  United  Kingdom,  and  it  is  this  comparatively  high  death-rate 
which  really  makes  the  population  stationary.  The  speculations  indulged  in  in 
some  quarters,  therefore,  though  they  may  he  justified  in  future,  are  hardly  yet 
justified  by  the  general  statistical  facts.  The  subject  is  one  of  profound  interest, 
and  must  be  carefully  studied ;  but  the  conclusions  I  Imve  referred  to  must  be 
regarded  as  premature  until  the  study  has  been  made. 

Conclusion. 

Such  are  a  few  illustrations  of  the  importance  of  the  ideas  which  are  suggested 
by  the  most  common  statistics — those  of  the  regular  records  which  civilised 
societies  have  instituted.  It  is,  indeed,  self-evident  how  important  it  is  to  know 
such  facts  as  the  growing  weight  of  countries  of  European  civilisation  in  com- 
parison with  others  ;  the  relative  growth  of  the  British  Empire,  Uussia,  Germany, 
and  the  United  States,  in  comparison  with  other  nations  of  Europe  or  of  Euro- 
pean origin ;  the  dependence  of  other  European  countries  as  well  as  the  United 
Kingdom  upon  imports  of  food  and  raw  materials ;  the  ability  of  old  countries 
and  of  old  centres  in  new  countries  to  maintain  large  and  increasing  populations  ; 
and  the  evidence  which  is  now  accumulating  of  changes  in  the  rate  of  growth  of 
European  nations,  with  suggestions  as  to  the  causes  of  the  changes.  It  would  be 
easy,  indeed,  to  write  whole  chapters  on  some  of  the  topics  instead  of  making  a 
remark  or  two  only  to  bring  out  their  value  a  little.  It  would  also  be  very  easy 
to  add  to  the  list.  There  was  a  strong  temptation  to  include  in  it  a  reference  to 
the  relative  growth  of  England,  Scotland,  and  Ireland,  which  has  now  become  the 
text  of  so  much  discussion  regarding  the  practical  question  of  diminishing  the 
relative  representation  of  Ireland  in  Parliament,  and  increasing  that  of  England 
and  Scotland.  It  is  expedient,  however,  in  an  address  like  this,  to  avoid  anything 
which  verges  on  party  politics,  and  i  shall  only  notice  that  while  the  topic  has 
lately  become  of  keen  interest  to  politicians,  it  is  not  new  to  statistician.*,  who 
were  able  long  ago  to  foresee  what  is  now  so  much  remarked  on.  This  verv  topie 
was  discussed  at  length  in  the  uddros*es  of  188^-S.'J,  to  which  reference  has  been 
made,  and  even  before  that  in  1H70  it  received  attention.1  Another  topic  which 
might  have  been  added  is  that  of  the  economic  growth  of  the  different  countries 
which  was  discussed  in  the  address  in  1883;  and  such  topics  as  the  increase  of 
population  in  a  country  like  India  under  the  peace  imposed  by  its  European 
conquerors,  by  which  the  stationariness  of  the  country  in  numbers  and  wealth 
under  purely  native  conditions  has  been  changed,  and*  something  like  European 
progress  has  been  begun.  Enough  has  been  said,  however,  it  may  be  hoped,  to 
justify  this  mode  of  looking  at  statistics,  and  the  ideas  suggested  by  them. 

May  I  once  more,  then,  express  the  hope,  as  1  have  done  on  former  occasions, 
that  as  time  goes  on  more  and  more  attention  will  be  given  to  these  common 
statistics  and  the  ideas  derived  from  them  ?  The  domination  of  the  ideas  suggested 
by  tht se  common  figures  of  population  statistics,  in  international  politics  and  in 
social  and  economic  relations,  is  obvious;  and  although  the  decline  in  the  rate  of 
growth  of  population  in  recent  years,  the  List  of  the  topics  now  touched  on, 
suggests  a  great  many  points  which  the,  statistics  themselves  are  as  yet.  unfit  to 
solve — what  can  be  done  with  a  great  country  like  the  United  States,  absolutely 
devoid  of  bare  records  of  births,  marriages,  and  deaths? — still  the  facts  of  the 
decline  as  far  as  recorded  throw  a  great  deal  of  light  on  the  social  and  economic 
history  of  the  past  century,  prepare  the  way  for  discussing  the  further  topics 
which  require  a  more  elaborate  treatment,  and  enforce  the  necessity  for  more  and 
better  records.  We  may  emphasise  the  appeal,  then,  for  the  better  statist ical 
and  economic  education  of  our  public  men,  and  for  the  more  careful  study  by  all 
concerned  of  such  familiar  publications  as  the  '  Statistical  Abstracts,1  the 
'Statesman's  Year-book,'  and  the  like.  The  material  transformations  which  are 
going  on  throughout  the  world  can  be  substantially  followed  without  any 
difficulty  in  such  publications  by  those  who  have  eyes  to  see;  and  to  follow  such 
transformations,  so  as  to  be  ready  for  the  practical  questions  constantly  raised,  is 
at  least  one  of  the  main  uses  of  statistical  knowledge. 

1  See  Essays  in  Finance,  2nd  series,  p.  290  et  seq. ;  p.  330  ct  seq. ;  and  1st  series, 
p.  280  et  seq. 
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The  following  Papers  were  read  :  — 
1.  The  Postulate  ofthv  Mntulard.   By  WILLIAM  WAKKAND  CARLILK,  ALA. 

Professor  Walker'*  exposition  of  the  milliner  in  which  tlie  standard  substance 
comes  to  measure  \alues  in  his  i  Money  Trade  und  Industry  '  shows  the  fallacy  of 
the  current  -view  that  any  commodity  can  meuburo  the  value  of  any  or  of  all 
others  We  iind,  on  theVontran,  that  the  postulate.  of  the  whole  process  is  this, 
that  'here.  must  bu  a  general  desire  lor  the  MibMance  which  becomes  the  *4undard. 
Should  this  general  den  re  cease  to  operate,  tin-  valui-mea.surin<r  process  would 
coaso  also.  This  general  desire  must  therefore  be  au  in  Dutiable  desire.  How  if 
became  so  is  a  question  that  it  is  not  proposed  to  enter  on  at  present,  but  rather  to 
look  at  the  fact  in  some  of  its  bearings.  In  conueclion  with  the  Tabular  Standard 
il  s-eem*  clear  that  the  natural  gold  standard  must  be,  all  the  lime,  the  bat-is  of  the 
prices  whose  a\ern^e  forms  it.  Ueing  a  mere  secondary  product,  il  could  never  be 
.substituted  for  the  primary.  TJje  conception  of  reality  or  objectivity  depends 
upon  human  intercourse.  Such  MjnL-ations  only  give  the  impression  of  reality  as 
are  capable  of  exact  comparison  as  between  man  and  man.  This  applies  al*o  to 
tin*  conception  of  value.  Kor  such  exact  comparison,  however,  a  common  meeting- 
ground  for  human  dct*ire*  is  needed.  This*  is  furnished  by  the  existenee  of  one 
Mib.-tance  which  is  the  general  uoal  of  industrial  effort.  The  Austrian  theory  of 
deneaMUtf  decrees  of  utihts  ipuon'b  this.  It  has  some  application  to  expenditure 
on  immediate  consumption,'  but  only  a  forced  and  unnatural  one  to  business  bales 
and  purchases. 

Though  one  inn.-',  be<rin  with  the  central  fact  of  an  insatiable  desire  for  the 
standard  Mib.-tance,  the  next  lac  t  with  which  we  are  .struck  is  iu  unlimited  rc- 
plarenbility,  for  the  purposes  of  money,  by  other  *ul>e»rance&.  Jf  a  man  has  a 
document  conve\in<r  to  him  th>'  immediate  n»ht  to  «uld  on  demand,  tlie  chances 
an-  a  bundled  to  one  that  he  will  never  as-k  for  the  jrold  itwlf  at  all.  The 
document  \\ill  serve  all  hi.s  purp<>-«'>  quite  us  well.  Thus  ai»  imineii>e  mats  of 
sub>litutes  for  p»l«l  enines  into  exiMrniv.  J4ut  in  all  theories  oi'  demand  and 
supply  ilurt  nations  in  tin*  >u]»pl\  of  siibMitntci*  are  held  to  ntl'ect  tlie  ^alue  of  the 
original  r'tmmodity  ju.M  as  much  a>  tluetiuitioi.s  in  its  own  Mip]ily  ;  and  so  with 
the  .-tandard.  The  more  completely  inviolable,  therefo/e,  the  gold  standard 
is  imiinraiiifd  by  lepi>l:ition,  tJu»  more  eil'eetive  do  these  document:*  become  as  sub- 
htitut-s  for  Lr«)ld,  aiitl  the  more,  consequently,  IM  the  \olumc.  of  money  inc^eu^ed. 
Tliis  may  li«  conMdered  in  cnDiieitii)]!  A\ith  ,le\ons'  niet.iphors  of  the  two 
i-i-tt-rn^  roimcfted  b\  ti  |>i])e.  and  of  the  t\M.>  intersect  in«r  lines  n  pre-entin^1  gold 
aiul  Mlver  re^ju-ctixely.  The  modern  M>tcni  cornecU  all  commodities  b\  pipes 
into  one  greai  ci-t'Tii  called  money,  and  neutralix^  all  lluct  nations.  Il  really 
fuliils  the  ideal  of  the  frame  IN  of  'j-\>tem>  of  multiple  tender.  A  ^  a  product  of 
evolution,  >lio\\  imr  an  intfrotin*:  t-xstem  of  ndaptation  of  meant?  to  ends,  it  is 
comparable  to  the  human  tar  or  the  human  eye. 


12.  Some  A'ofin  on  the  Output  of  Coal  f  fin,  i  ///<•  Xco/tif/i  C 
./;//  HUJJEWT  W.  DHON,  A.MJnst.C.E. 

During  the  last  few  years-  there  has  been  a  prowin^  feeliii{r  of  uneasineew 
ro«rardin^  tlu»  duration  of  our  coal  supply,  and  there  is  at  present  a  movement  in 
favour  of  a  further  inquiry  as  to  the'  extent  of  the  coal  resources  of  Great 
Hritain. 

The  following  considerations  regarding  the  Scottish  coalfield  are  in  moat 
caws  applicable  to  the  whole  of  Great  Britain. 

The  output  of  coal  in  (5  rent  Britain  in  tlie  year  1(501)  wus  about  ^.OOOjOOO  tons 
per  annum,  and  of  that  quantity  Scotland  probaWy  produced  about  250,000  tons. 
Since  thun  there  has  been  a  steady  progression,  until  now  the  Scottish  output 
amounts  to  #1,H:£,612  ton.-  per  aniium.  The  total  quantity  of  coal  which  has 
been  worked  in  Scotland  up  to  the  present  date  may  be  estimated  at  1,600  million 
tons,  and  the  quantity  tliil  to  \vork  at  about  10,000  million  tout. 

1001.  "  3  c 
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During  the  last  400  years  there  have  been  many  alarms  regarding  the 
approaching  exhaustion  of  the  coalfields,  with  the  result  that  at  various  periods 
laws  have  been  passed  either  totally  prohibiting  the  exportation  of  coal  or  placing 
a  heavy  tax  on  any  coal  exported. 

In  recent  years  the  proportion  of  the  output  which  is  exported  lias  increased 
enormously.  In  1861  the  proportion  of  the  output  exported  was  only  U*4  per 
cent.,  whereas  last  year  it  amounted  to  over  20  per  cent.  In  1861  the  home  con- 
sumption per  head  of  the  population  was  about  three  tons  per  annum,  whereas  it. 
is  now  over  five  tons  per  head  of  the  population.  Most  of  the  Scottish  coal 
exports  go  to  the  continent  of  Europe,  and  about  25  per  cent,  of  the  whole  export 
goes  to  Germany. 

If  the  export  and  home  consumption  are  to  continue  "•.•••••  ii-!1  .•  :it  the  present 
rate,  then  by  the  end  of  this  century  the  Scottish  output  -A  '.:  '  •  •  <  million  tons 
per  annum,  and  the  10,000  million  tons  we  have  available  will  be  exhausted  in 
about  180  years.  If  all  the  coalfields  were  producing  coal  in  the  same  proportion 
to  their  area  as  in  Lanarkshire,  the  output  of  Scotland  would  be  60,000,000  tons 
per  annum.  Such  an  output  will  never  be  required,  because  methods  will  be 
found  to  use  the  coal  much  more  economically  than  at  present,  so  that  one  ton  of 
coal  will  do  the  work  for  which  two  tons  are  now  required,  and  in  that  way  the 
duration  of  the  coalfields  will  be  prolonged  indefinitely.  A  great  deal  of  coal  is 
being  wasted  in  the  working,  and  in  shafts  and  bores  many  thin  .seams  are  being 
passed  through  of  which  no  national  record  is  kept.  There  should  be  a  Govern- 
ment department  for  the  inspection  of  systems  of  working  and  for  the  preservation 
of  exact  records  of  all  shafts  and  bores. 

More  than  one-half  of  the  Scottish  output  comes  from  the  Lanarkshire  coal- 
iield,  and  at  the  present  rate  all  the  coals  in  that  county  will  be  exhausted  in 
forty  years;  but  within  twelve  or  fifteen  yeans  all  the  thick  and  easily  wrought 
seams  of  the  Clyde  basin  will  be  worked  out.  This  is  not  siu-h  a  serious  mat  tor 
for  the  population  of  Glasgow  and  the  west  of  Scotland  as  at  first  sight  it  might 
appear.  The  royalties  payable  on  these  coal>  are  from  *.)'/.  to  \A.  tit?,  per  ton 
higher  than  are  payable  on  similar  coals  in  the-  out  lying  districts.  As  the  Lanark- 
shire coals  become  exhausted  less  money  will  be  paid  1o  the,  landlords  and  more 
to  the  railway  companies,  but  the  net  result  will  not  be  any  very  .*>eri<jus  increase 
in  the  cost  of  fuel. 

The  royalties  at  present  being  paid  in  Scotland  Miry  from  i?W.  to  LV\  per  ton, 
or  on  a  -li  li:  _*  »•  ,le  from  ^  to  £  of  the  belling  price.  From  the  report  of  the 
Iloyali "  'ii.'i  -•  '•  on  Mining  1  loyalties  it  appears  that  the  a\erage  royalty  pay- 
able in  Scotland  in  1891  was  (i§Oi/7.  per  ton. 

The  average  profit  earned  by  the  coalmaslcra  under  normal  conditions  is  &/. 
per  ton. 

C  'al-r.'li'  .:  machines  have  been  in  use  in  Scotland  for  over  thirty  years,  and 
last  x-a-  •">:."• ', ,  I •  L  tons  were  produced  by  that  method.  It  is  not  :"_•• 
prejudice  which  prevents  the  more  extensive  use  of  these  labour-saving  L  A .  ••  - , 
but  the  physical  conditions  under  which  most  of  the  seams  are  now  being  worked. 
In  practically  every  case  where  coal-cutting  machinery  can  be  used  to  advantage 
it  has  been  adopted;  but  in  the  future  it  may  come  to  be  more  largely  used  when 
thinner  seams  are  opened  up, 

The  annual  output  per  man  employed  is  360  tons.  In  U.S.  America  it 
amounts  to  400  tons,  but  in  Germany  it  Vs  only  270  tons  per  man. 

The  greatest  depth  from  which  coal  is  being  worked  iu  Scotland  is  2,760  feet 
below  the  surface. 


3.  The  Growth  and  Geographical  Distribution  of  Lunacy  in  Scotland. 
By  J.  F.  SUTHERLAND,  M.D. 

The  lunacy  forming  the  subject-matter  of  this  communication  is  what  is  known 
as  *  pauper  lunacy/  an  unfortunate  and  misleading  term  in  so  far  as  it  refers  to 
the  lunacy  arising  in  80  per  cent,  of  the  population,  whereas  indigency,  pauperism, 
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destitution,  and  delinquency  account  for  about  10  per  cent,  of  the  population 
and  affluence  for  the  remaining  10  per  cent. 

The  maintenance  of  a  pauper  lunatic  in  an  institution  calls  for  an  annual 
expenditure  of  30/.,  a  sum  beyond  the  reach  of  80  per  cent,  of  the  population. 

The  lunacy  statistics  of  the  last  two  decades  contrasted  and  the  geographical 
distribution  of  lunacy  (1901)  set  out  (vide  shaded  map). 

Between  tho  lunacy  ratios  of  the  four  main  areas  of  Scotland  with  economic, 
ethnic,  and  geographical  diilbrences  there  are  i-'jvemairi;  differences  respectively  of 
94, 72,  and  62.1  '  L 

Controversion  of  views  put  forward  to  the  effect  that  lunacy  is  going  up  by 
leaps  and  bounds,  views  suggestive  of  a  stale  of  matters  not  without  risk  to  the 
national  well-being. 

Acceptance  of  proposition  that  in  larjje  arean  of  cuuutry  the  lunacy  ratio  will 
not  vary  except  within  certain  narrow  limits. 

Explanations  of  the  enormous  ratio  differences  as  well  us  of  the  growth  of 
lunacy  are  to  be  found  in  a  consideration  of  the  following  live  iactors  in  the  order 
of  their  respective  importance. 

Firtt  and  inobt  signilicant  is  the  economic  one  suggestive  oi'  a  widely  different 
relative  capacity  on  the  p«rt  of  householders  in  different  counties  to  maintain  the 
insane  without  the  aid  of  the  public  purse  in  whole  or  in  part. 

to'cum/.— The  migration  and  emigration  of  the  strong  from  rural  aiid  insular 
districts  to  centres  of  population  results  in  the  i'eeble  products,  mental  and 
physical,  of  the  birth-rule  being  lL.ft  behind  in,  as  a  rule,  stationary  or  dwindling 
populations. 

Thirtl.-- The  death-rate  under  r>,  nearly  three  times  greater  in  centres  than  in 
rural  districts,  has  tho  effect  of  removing  hundreds  of  lunatics  i\  ho,  had  they  sur- 
\i\vd  the.  neglect,  injudicious  dictum,  cxantlieiiiatoiip.  diseases,  \-c.f  incidental  to 
child  lilu  in  industrial  ccnlre«.  would  hu\e  augmented  the  statistics  of  lunacy  in 
such  centres  (ritlr  shaded  map). 

Fwrth.— The  conditions  of  modern  life,  vuth  its  unparalleled  competition  in 
every  walk,  abuse  of  alcohol  ami  tea,  errors  of  diet,  &<-.,  Betting  up  a  deranged 
metabolism  and  dist tubing  mental  equilibrium  nc\er  stable. 

Fifth  —  The  lieivs  ol  the  medical  profession  as  to  i\h:it  constitutes  certifiable, 
lunacy  suggestive  01'  a  widened  and  widening  portal  to  official  registers  (senilitv, 
slight  imbecility,  "ccentricily,  &i§.). 


.i r,  SKPTEMHEH  i;j. 

Tho  following  Papers  were  read  : — 
1.  fUiiflHiHj  tinlMitli™*    ]>y  UKKBDIOT  WILLIAM  (JIXMJUIUJ,  Jf.A.%  LL.D. 

The  importance  fnnn  a  national  point  of  view  to  a  manufacturing1  and  ibreign- 
fnod-rniisiiiniiig  power  like  (treat  Hritain  of  tho  maintennnce  of  her  maritime  power 
is  self-e\ident.  Juthut.  term  *  maritime  power '  must  be  included  the  supply  of  a 
sufficiency  of  ships  to  carry  on  the  nation's  commerce.  Ju  considering  the.  subject  it 
is  r.roessa'ry  tirst  to  consider  tho  adequacy  or  otherwise  of  the  supply  of  ships  whoso 
individual  characteristics  render  them  useful  as  auxiliaries  to  the  navy  in  time  of 
war,  and  secondly  to  regard  the  conditions  under  which  exist  the  great 'bulk  of  tho 
vessels  of  the  mercantile  marine — vessels  tvho.sc  individual  characteristics  do  not 
matter  to  the  nation,  but.  which  nevertheless  fulfil  the.  important  function  of  shifting 
the  great  bulk  of  its  traffic.  On  the  lirst  point,  whilst  France,  Germany,  and  Russia 

1  The  extreme  ratios  for  the  counties  is  represented  by  Argyll  with  59  per  10,000 
of  population,  and  Dumbarton  with  19,  the  percentage  difference  being  210. 

8  The  paper  is  published  in  extcnto  in  the  Journal  of  the  Jioyal  Statistical  Satiety 
September  1901. 
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are  largely  increasing  their  supply  of  high-speed  ocean  steamers,  this  country  shows 
little  progress  in  this  direction  ;  whilst  the  more  recent  vessels  built  for  British 
mail  companies  are  not  equal  in  speed  either  to  those  of  Germany  or  even  to 
those  formerly  built  for  our  own  lines.  Ou  this  account  it  might  well  be  desirable 
for  military  reasons  for  our  Government  to  consider  the  advisability  of  increasing 
its  inducements  for  building  highspeed  ships. 

The  British  shipowner  works  under  certain  natural  and  economic  conditions  of 
a  favourable  nature.  But  he  is  placed  under  many  statutory  disabilities.  Vet 
some  of  the  restrictions  under  which  he  labours  nro  not  wholly  to  his  disadvan- 
tage, since  his  percentage  of  loss  is  lower  than  that  of  unregulated  marines,  and 
this  fact  should  assist  him  in  placing  liis  insurances  ut  a,  low  premium.  Tin*  natural 
tendency  of  improvements  in  ship  building  and  marine  engineering  is  towards  the 
gradual  extinction  of  the  sailing  .ship.  In  our  own  country  this  natural  movement 
goes  on.  In  Italy  and  France  an  attempt  has  been  made  to  re\ive  this  trade  by 
means  of  construction  and  nm".  n  !  ••  bounties.  France  has  achieved  some  success 
in  this  direction.  But  it  :-  -i-is.  »•:.,:  how  far  the  shipowner  really  will  benefit 
from  the  construction  bounty,  and  no  OIK;  would  bt;  likely  to  suggest  its  adoption 
here. 

The  notable  increase  in  fc>i*e  and  cost,  of  modern  ste.ami ships  seems  to  tund 
towards  a  large  concentration  of  the  trade  in  the  hands  of  big  companies  and  lines. 

Competition  between  tin*  steamship  lines  of  diilerenl  countries  has  of  recent 
years  developed,  whilst  the  c<»t  of  national  support  to  the  competitor?*  has  very 
largely  increased,  borne  of  the  reMilN  achie\cd  have  been,  at  least  as  yet,  quite 
inadequate  to  th«j  ctlorts  made,  whilst  a  i^nxl  deal  of  for*  itmi  numiy  is  certainly 
being  thrown  uuay  in  the  attempt  to  foster  national  trade.  Some  MICCOS  is  un- 
doubtedly being  achieved  by  the  (.ierman  policy  of  making  thu  JState  a.s^i&t  in  tin 
unremunerative  work  of  pulling  trade  in  new  channels. 

This,  perhaps,  the  J>nti,-li  <  <o\  eminent  couhl  not  b*»  expected  to  <!<».  Hut  com- 
bined action  on  a  large  >cale  amongst  Ilritish  hhipu  \vneiv  nii^lit  <*unl>K>  them  to  do 
that  for  themselvt'b  which  foreign  ribipuwnui>  have  done  f«>r  them  b\  their  Govern- 
ments. 


2.  Tfiirly  Yut?*  &rjt(,rf  T?«<l<-,  />'/•/'?  /V/  cud  //W/  /'/•«'<«<.  r,  Ls70-'J'J, 
l>     I>  \KNAI:  i> 


Comparisons  of  ouc  period  of  <mr  e.\purt  trade  \\ith  un\>iher,  bas  «l  on  sterling 
returns  of  isolated  jears,  are  un>ati£»f.icloi\  lj»'cau"e  the  alteiuliou  of  prict  >•  !•*  nof. 
taken  into  consideration,  and  frequently  tliu  3  ears  compared  are  >«»ar»  <>l'  dilloivnt 
degrees  of  prosperity 

Comparis()ii>  of  the  iiinuml  ;u<  mgr^  of  decade*'  lia\e  therefore  hern  uwd  in  thin 
paper  as  bring  more  hati.^la.  tory  thun  .-huilcr  peiiocU,  ciii]>niciii^  a.s  they  do  the 
whole  cj}cle  of  trade  ex]>an^ion  and  dcpre^ion. 

Ifthrt  alteration  of  price  i^  uiken  into  coii^i-li  r.itinn,  the,  t  onijKiri-«»;i  IN  nf  c.»ur-e 
more  satisfactory  ;  but  the  mo^t  satisfm-t-)iy  comiiartMiu  H  on  a  IKIM*»  of  quaulit\9 
always  making  reservations  for  possible  alterations  of  quality. 

It  is  obviously  impossible  t>  satisfactorily  compart*  quantities  of  such  '-ommodi- 
ties  as  machinery,  chemical  products,  millinery,  &c.  ;  but  ou  comparing  the  e\])«;rt 
of  eighteen  of  our  chief  exported  commodities  in  ls'.)0  !M)  with  1*70  7l>  (oacii  of 
which  commodities  was  in  home*  year  of  tho  period  exported  to  the  -\alue  at  lea.st 
2,0<)0,000/.)  we  find  the  average  oi  the  (juantity  ex]>ort(d  annually  during  the  later 
decade  was  'J5  per  cent  larger  than  in  the  earlier. 

The  sterling  value  of  the  eighteen  commodities  is  about  »~>|  percent,  of  our  total 
trade,  and  the  remaining  49  per  cent,  (of  which  comparisons  of  quantity  cannot  be 
made)  show  an  increase  of  #7  per  cent,  m  htcrling  value  cxportud. 

Tl.raivrra-j.'  annual  value  of  our  export^  »^f  !K$^0-i)J)  was  10,<HJt>,000/.  greater 
than  -n  l-TO'TJi. 

The  average  annual  value  exported  per  head  of  the  population  in  18JKM)9  was 
5'0  per  cent,  less  thun  in  1670-71);  but  if  it  15  u-ssumed  that  the  25  percent,  gain  in 
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quantity  on  the  eighteen  commodities  (being  51  per  cent,  of  our  total  export) 
holds  good  for  tho  rest  of  our  export,  we  have  an  annual  average  increase  of  quan- 
tity exported  per  head  of  population  of  newly  9  per  cent. 

Prices  of  imports  having  fallen  more  in  t'hu  period  under  review  than  prices  of 
exports,  the  comparatively  fciuall  tutal  increase  in  value  exported  is  not  of  substan- 
tial importance  if  the  increase  of  quantity  j«  sat isiactory,  as  it  is  this  latter  factor 
which  denotes  the  amount  of  employment  found  for  our  people  by  this  branch  of 
trade. 

Another  objection  to  relying  on  comparisons  of  value  is  that  the  returns  under 
this  head  are  probably  inexact  to  a  considerable,  extent  both  for  Imports  and 
exports,  and  although  tin1  error  may  partially  correct  itself  over  large  quantities, 
comparisons  of  the  details  of  the  trade  are  sit  all  events  on  this  ground  unsatis- 
factory. 

The  error  both  in  imports  and  exports  is  probably  a  growing  one,  owing1  to 
increasing  laxity,  and  also  owing  to  the  growth  of  the  export  busmen  now  done  on 
a  O.I  K.  basis,  which  exports  would  appear  to  be  largely  tutored  for  Customs  pur- 
poses on  a  C.I.F.  valuation  instead  of  an  F.O.I*,  valuation. 

The  probable  extent  of  the  error  is  a  subject  which  might  be  investigated  by 
the  Chambers  of  Commerce  of  this  country. 

The  error  on  graded  qua  lilies  of  such  imports  as  wheat  and  cotton  is  probably 
small,  Customs  authorities  hiMiiir  able  to  faiily  well  control  tlim?  valuations. 

Of  the  eighteen  commodities  selected  eleven  havt-  increased  in  quantity  over 
1SOO  <'J>  a-*  (M>mpared  with  1*7<>  70:  then*  nro  woollen  nnd  worsted  yarns,  spirits, 
copper  ingot**  cakes  and  b  ir^,  cotton  goods  (bleached  and  unbleached),  cot  ton  goods 
made  of  dyed  yarns  *  dyed  and  printed/  cotton  yarn,  nnd  coal. 

In  one  or  two  ca-es  however,  notably  in  yarn,  the  comparison  between  1800-00 
and  lSH)  M>  j>*  not.  so  .satisfactory. 

One  commodity,  namely,  pig  and  puddled  iron,  has  remained  stationary,  com- 
paring IS70-7J)  with  ISJMMH):  nnd  <>\er  1hf»  same  period  woollen  and  worsted 
tissues,  mils,  bar  angle  bolt  and  rod  iron,  linen  yarn,  linen  piece  good?,  beer,  and 
ale  show  decreines  in  tii"  average  annual  quantity  exported. 


fl.   Th*  Tht'ort/  f>/'/Vf>//j'<Wtv  Ttiwlinn.     lly  (!.  CAHSEI,. 

KxpensOs  which  are  made  in  the  general  interest  of  the  State,  and  which  are 
not  to  the  particular  ad\ant,ig«-  of  any  special  group  of  citizens,  must  be  paid  for 
by  taxes  according  to  tho  *  Principle  of  Ability/  uf  which  the  income-tax  might 
lw  regarded  as  the  type.  Hut  in  tlu1  parliamentary  state,  where  the  interested 
classes  are  voting  the  taxes  themselves,  this  cannot  IIP  enforced  unless  tho  income- 
tax  is  so  constructed  as  to  e:m*e  e\ery  class  of  taxpayers  an  <Y//W/  Mrrrifliv. 

Jfytm/  wnjii'r  means  deduction  of  such  part  of  the  income  which  is  necessary, 
not  only  for  thV  physical,  but  also  for  the  economic,  the  professional  existence  of 
the  taxpayer,  i.e.,r/fY///r//'i;/  nfihr  *  mrwarh'*  »f  rjfficirury '  (Marshall),  and  taxing 
the  remainder  of  the  income  at  a  mn^f'inl  raft*. 

Zi/vr//  ])vogressi\e  si  ale  of  taxation  can  be  obtained  by  the  method  of  granting: 
tax-free  d«»(hictions  to  the  dilli-rent  incom<»s,  an<l  taxing  the  remainders  at  a  constant 
rate.  Thus  there  is  no  difference  in  principle  between  a  progressive  and  a  'depres- 
sive* scale.  Viul  \\e  need,  in  the  thccirx  of  progn's>-i\e  taxation,  not  discuss  any 
other  qiio^tion  than  what  dillerent  deductions  shall  ho  allowed  to  the  different 
incomes. 

Tho  subject  of  the  discussion  thus  iixed,  wo  proceed  to  apply  the  Principle  of 
Equal  Sacrifice,  interpreted  us  above.  Tor  everyone  who  accepts  this  principle 
the  whole  problem  of  progressive  taxation  reduces  itself  to  the  question:  What  are 
tho  '  necessaries  of  efficiency  '  for  each  class  of  the  society  ?  But  in  the  limits 
thus  given  to  the  discussioirthero  is  room  enough  for  very 'divergent  views,  from 
the  conservative  one  which  thinks  the.  re,nl  necessities  of  tho  labourer  to  be  very 
small,  and  which  leads  to  a  nearly  proportional  taxation,  to  the  modern  democratic 
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view,  which  thinks  the  labourer's  necessities  of  efficiency  to  be  comparatively  very 
nigh,  and  which  leads  to  a  strong  progression. 

As  type  for  the  usual  scales  of  progressive  taxation  the  following  scheme  may 
serve : — 

Incomes  from         05.  till      500?.  pay  0  per  cent. 

„        „       500*.  „   2,r>oo*.    „  i 

„  „       2,5005.    „     8,500*.     „   2 

8,500.*.    „  20,500s.     „   3         „ 
„      above  20,600*.  4        „ 

The  scale  is,  from  a  technical  point  of  view,  very  crude,  involving  discon- 
tinuities in  taxation  at  every  rung  of  the  ladder.  We  can  avoid  these  if  we  state 
that— 

The       500  first  ,?.  of  every  income  pay  0  per  cent. 

„      2,000  next  ,v.  ,',  „          1        „ 

„      0,000      „  „  „         2 

„    12,000      „  „  „          3 

All  following  s.  „  „         4        „ 

But  this  scale  can  just  as  well  bo  obtained  by  tho  method  of  deductions ;  we 
have  only  to  state  that — 

The  first      500*.  shrill  have  the  right  to  deduce  100  per  cent. 
„    next    2,000.s\  „  „  „  75        „ 

„      „       0,000.9.  „  „  „  50        „ 

„       „     12,0005.  „  „  „  25 

All  following  s.  „  „  „  0        ., 

and  that  of  the  remainders  a  constant  rate  of  4  per  cent,  shall  be  paid.  Generally, 
if  in  the  different  groups  the  tux  is  to  be  paid  at  a  rate  of  p^  p^  p^..  ./>„ 
per  cent.,  the  same  result  can  be  obtained  by  levying  the  tax  at  a  constant  rate  P, 
not  less  than  any  of  the;>,  but  granting  deductions  within  the  different  groups  of 

100 :(£-*)  perceat .,100  <£-'>-•>  per  cent.,  and  8o  on. 

However,  even  this  method  is  primitive,  and  involves  too  much  arbitrariness 
in  fixing  the  deductions  for  the  different  incomes.  It  i.s  better  to  let  tho  deduction 
y  increase  with  the  income  x  a.s  a  function  of  the  form 


"      y.r  +  8- 

This  contains  three  independent  elements,  to  which  comes  the  constant  tax- 
percentage  P,  so  that  the  arbitrariness  of  the  progressive  scale  now  is  reduced  to  tho 
choice  of  four  elements.  AVe  denote  by  e  the  tax-free  minimum  of  subsistence,  by 
e.m  the  upper  limit  of  the  deductions,  i.e.,  of  the  necessaries  of  efficiency,  and  call 
it  the  maximum  of  subsistence-,  the  arithmetical  medium  between  these  two  is  the 

t  medium  of  subsistence/  and  is  equal  to  em        .     "VVe  denote  further  by  u  and 

v  the  income  and  the  deduction  counted  in  e  as  a  unity,  so  that  x-cu  and  i/^ci\ 
We  can  then  put 

n  +  n  —  2 ' 

bhere  n  signifies  that  value  of  the  income  ?/,  for  which  the  deduction  is  equal  to 
TV  medium  of  subsistence.     Thus  we  have  arrived  at  a  set  of  formulas  where 
Xof  the  four  constants  ?z,  m,  e,  and  P  has  a  clear  and  definite  sense. 

£e  can  reduce  the  arbitrariness  involved  in  tbe  construction  of  a  j  •  •/•• "i- 

'':U  more  if  we  decide  onco  for  all  that  n  =  m  + 1,  i.e.,  that  the  medium  of 
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subsistence  shall  be  deduced  from  an  income  twice  a.s  large.    We  have  then  tlje 
following  formulas  to  calculate  the  tax  s  : 


, 

?/  +  m  — 


The  complete  fixation  of  a  progressive  scale  of  taxation  involves,  then,  only  the 
choice  of  three  elements,  viz.  — 

The  minimum  of  subsistence  e  ; 

the  maximum  of  subsistence  cm  ;  and 

the  constant  tax-  percentage  P. 

The  first  and  third  of  these  elements  must  always  be  decided  upon  by  any 
income-tax  ;  thus  the  progressive  seals  increases  the  number  of  arbitrary  elements 
only  by  one,  and  this  one  has  a  quite  definite  sense,  viz.,  the  upper  limit  of  the 
necessaries  of  efliciency  of  any  group  of  society.  In  spite  of  this  extreme  reduction 
of  the  arbitrariness,  there  remains  still  room  enough  for  every  sensible  view  of 
progressive  taxation. 

4.  Jlritish  Agriculture.     By  Professor  ROBERT  WALLACE. 

The  nineteenth  century  may  be  divided  into  six  very  distinct  periods,  in  which 
prosperity  and  adversity  to  agriculture  succeeded  each  other  alternately. 

(1)  During  the  first  fourteen  yours  great  agricultural  activity  prevailed,  owing 
to  the  abnormally  high  prices  of  corn.     All  classes  associated  w'ith  land  benefited, 
but.  tho  landlords  mo&t. 

(2)  The  next  twenty  years  was  a  timo  of  agricultural  depression,  although  tho 
price  of  whoat    -«">(>*.  2d.  per  quarter-  -in  18.'JG  was  more  than  double  —2(>x.  11«'.— 
the  prico  in  1JK)0.     Bone.s  roughly  broken  were  tirst  uwd  as  manure. 

(.3)  The  abolition  of  tho  Corn  Laws  in  1H46,  during  tho  succeeding  period  of 
twelve  years  of  pro>perity,  did  not  ruin  agriculture,  as  was  expected.  Peruvian 
guano,  dissolved  bones,  and  dissolved  mineral  phosphates  were,  first  employed  as 
manure,  and  in  1813  Uothamstod,  the  greatest,  experimental  station  in  the  world, 
was  opened,  to  bo  ultimately  endowed  by  Sir  John  Lawos. 

(4)  The  fourth  short  period  of  temporary  but  severe  depression  —  184J)  to  1852 
---opened  with  a  sudden  drop  in  the  price  of  wheat.  Sir  James  Caird  advocated 
high  farming,  which  was  applauded  as  usual  by  people  generally,  but  not 
followed  by  the  tenants. 

(tl)  Twenty-two  yoars—  185."  to  1874—  of  great  agricultural  prosperity 
followed,  but  economy  was  not  sufficiently  studied  by  either  tenants  or  proprietors. 
Reliable  agricultural  returns,  dating  from  1870,  when  compared  with  the  corre- 
sponding figures  of  11)00,  show  a  decrease  of  arable  land  in  the  United  Kingdom 
of  2,000,000  acros,  but  a  concurrent  increase  of  4,600,000  acres  of  permanent 
pasture.  The  rage  for  steam  ploughing  and  steam  digging  began,  but  not  till 
1898,  when  Darby  introduced  a  stoam  digger  having  a  horizontal  rotary  motion  in 
its  digging  parts,  could  mechanical  motive-power  field  cultivation  be  pronounced 
financially  successful.  Tho  success  of  the  bt  ring-binding  reaper  dates  from  1870. 
But  it  was  1000  before  tho  MeCormic  Company  produced  at  the  Paris  Exhibition  the 
Auto-Mower.  By  the  end  of  tho  century  the  oil  engine  had  become  the  cheapest 
stationary  source  of  power  on  tho  farm.  A  cycle  of  good  seasons  greatly  contri- 
buted to  the  measure  of  prosperity  during  this  period.  The  average  yield  of 
whoat  in  Britain  during  the  sixties  was  thirty  bushels  per  acre,  and  the  record 
yield  of  ItfGo  was  thirty-nine  bushels. 

(6)  The  last  long  depression  which  closed  the  century  began  about  1875,  and, 
Jn  common  witli  the  dislocation  of  the  general  trade  of  the  country,  was  largely 
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due  to  currency  influences,  but  also  to  bad  seasons  and  to  foreign  competition. 
Although  the  active  currency  influence  has  passed,  by  it  agriculture  has  been  left 
in  an  inferior  position  as  compared  with  other  industries,  which  were  morn  readily 
able  to  adjust  themselves  to  altered  currency  conditions.  Agricultural  capital 
was  immensely  reduced  during  the  period  ;  but  along  with  the  material  shrinkage 
there  were  many  important  developments  made.  Miss  Ormerod,  between  1877 
and  1001,  laid  the  foundation  of  the  subject  oi'  economic  agricultural  entomology. 
John  Garton,  of  Newton -le- Willows,  began  in  1£80  the  system  of  multiple  cross- 
breeding of  plants  which  has  resulted  in  the  production  of  an  infinite  number  of 
improved  breeds  of  crop  plants  ;  agricultural  shows  have  become  more  numerous 
and  successful  ;  the  cream  separator  (the  Alfa  Laval,  <S:c.)  has  revolutionised  the 
butter  trade;  the  advantages  of  the  system  of  ensilage  have  been  demonstrated; 
Thomas's  phosphate  powder  has  been  employed  to  encourage  clover  and  improve 
permanent  pastures  ;  the  spraying  of  potatoes  with  Bordeaux  mixtuie  to  pre\cnt 
disease,  and  of  grain  crops  with  .3  per  cent,  solutions  of  sulphate  of  copper  to 
destroy  charlock,  have  both  been  successful ;  Tlellriegel  and  \Vilforth  demonstrated 
tho  power  of  lesrnminnn*  crops,  acting  in  symbiotic  relations  with  minute  organisms 
living  in  the  wart-Jike  proces?es  of  their  roots,  to  fix  the  free  nitrogen  of  the  air  ; 
the  systems  of  rotation  of  crops  have  also  been  revolutionised. 

Some  of  tho  difficulties  with  which  farmers  have  to  contend  are  the  increase  of 
'anbury*  in  turnips,  the  development  of  a  bacterial  disease  on  the  swede  crop,  and 
the  ever-increasing  difficulty  of  the  rural  exodus,  and  the  *carcity,  ineiliciency,  and 
dearness  of  labour,  aggravated  by  an  imperfect  system  of  education  for  children 
in  rural  districts. 


T).  Food  and  Land  Tenure.     ]ly  E.  ATKINSON, 


SATURDAY.  SEPTEMBER   H. 

The  Section  did  not  meet. 


MOXDAY,   SEPTEMBER   10. 
The  following  Papers  were  read : — 

1.  A  Business  Man  on  Supply  and  Demand.     By  T.  S.  CURE. 

Mr.  Goschen,  some  time  ago,  expressed  regret  that  there  was  so  little  sympathy 
between  business  men  and  economists.  This  want  of  sympathy  is  traceable  to  a 
departure  by  some  of  our  economists  from  certain  views  formerly  held  both  by 
economists  and  business  men,  and  still  generally  held  by  the  latter. 

A  chief  principle  of  all  sound  economics  is  tho  law  of  supply  and  demand  ;  the 
law  that  supply  and  demand  are  always  tending  to  an  equality  at  a  certain  exact 
point  in  price.  That  law  has  come  to  be  questioned  :  John  Stuart  Mill  accepted 
a  correction  of  it,  namely,  that  the  equality  was  established,  not  at  an  exact  point 
in  price,  but  that  several  different  prices  might  satisfy  the  law,  which,  indeed,  only 
brought  the  price  to  a  kind  of  tableland  where  it  ceased  to  be  operative,  leaving  «, 
considerable  range  of  price  to  be  determined  by  other  forces  than  the  operation  of 
the  law  of  supply  and  demand.  Will  held  with  Thornton  that  in  tho  labour 
market,  in  fighting  for  a  share  of  that  indetermined  range  of  price,  the  employers 
possessed  so  great  an  advantage,  by  having  the  initiative  in  naming  the  price  that 
nothing  but  a  strong  combination  of  workmen  could  give  the  workers  even  a  chance 
of  successfully  holding  their  own  against  the  employers. 
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It  is  held  In  this  paper  thai  there  K  not  an  inrh  of  ground  where  the  law  of 
supply  and  demand  cea?es  to  operate  :  it  is  a  law  of  tendency  only,  but  always  to 
an  exact  jtrritit,  not  to  a  piano  of  prices.  Mill's  correction  is  not  only  unnecessary 
but  untrue  in  fa«-t.  Tim  initiative  is  not  an  advantage,  but  a  disadvantage  in 
bargaining.  Though  the  law  of  supply  and  demand  does  not  fix  the  terms  of 
every  individual  bargain  exactly,  .Mr.  Mill's  remedy,  comfa'/Httio/i,  greatly  increases 
the  area  of  indelerininatener-s.  " 

Mr.  Alfred  Marshall  in  his  '  Economics  of  Industry'  .says  that  an  employer  is  a 
much  larjjer  unit  than  his  men  indh  iduully  ;  that  the  workmen  are  poor  aud'known 
to  have  no  reserve  price  ;  and  that  th«>relore  union  among  the  men  is  necessary. 
These  propositions  cannot  be  accepted.  Wages  are  not  low  becau.se  workers  arc 
poor  and  unconibined,  hut  because  there  are  many  competing  for  the  job. 

Mill  and  Marshall  are  wronir  in  appro\ing  of  trades  unions,  m.d,  as  Mill  puts 
no  limits  to  the  area  in  which  he  holds  the  law  to  be  inoperative,  we  might  Fiippose 
that  area  to  be  indefinitely  large;  it  miplit  indeed  co\er  almost  the  \\hole  field, 
and  the  law  of  supply  and  demand  be  banished  from  all  discussion  of  labour 
questions. 

And  it  is  the  case  that  in  the  economic  journals,  in  the  writing*,  of  the 
yonn«er  economists  and  in  the  constitutions  «.f  societies  to  help  the  working 
rla^e<,  the  idea  of  (here  beinp  a  law  working  automatically  to  a  ju^  and  sati^ 
factory  diMMon  is  almost,  if  not  quite,  absent.  Satisfactory  division  is  to  be 
secured  through  investigations  into  facts  and  statistics,  and  a  (Jovermncnt  depart- 
ment is  suggested  to  collect  tlie-^e,  which  one  economist  .-peaks  of  as  'a  necessary 
preliminary  to  all  social  progress.' 

This  view  is  held  to  be  erroneous.  Investigations  are  not  required  to  give  us 
the  proper  price  of  iron  or  cotton,  and  there  is  no  yood  reason  why  they  should  be 
necessary  in  regard  to  the  wages  of  labour.  Adam  Smith  had  hardly  any  figures 
and  no  facts  but  Mich  as  were  patent  to  e\er\body. 

The  want  of  belief  in  this  equalising  law  of  supply  and  demond  is  shown  in  the 
ready  acceptance  of  complaint*  of  yrievanco.s  in  particular  trades.  It  is  forgotten 
that  all  trades  have  peculiar  conditions,  but  that  all  tend  to  an  equality  of  advan- 
tage ;  that  the  so-called  grievance  is  certainly  counterbalanced  by  some  advantage. 

No  human  power  could  make  such  investigations  as  would  "enable  it  to  make 
a  just-  distribution  of  the  products  of  industry.  Omniscience  and  omnipotence 
would  be  needed  for  the  task,  and  the  law  of  Mipply  and  demand  alone  has  these 
qualities.  A  belief  in  the  beneficent  and  enVcthe  operation  of  that  law  in  the. 
labour  market  and  the  practical  repudiation  of  it  by  economists  and  philanthro- 
pists is  the  chief  dillerence  between  these  classes  of  which  Mr.  Goschen  spoke. 


'2.   Th<>  Declhtr  of  Nitlalitif  in  ffrt'tif  J}rit<ii'n. 
lljl  KOAVIN  C-AXNAX,  M.A.,  LL.D. 

1  Jet  ween  1K7(J  and  1000  1h«  birth-rat «  of  Kngland  and  Wales  fell  from  30  tc 
SO-.'J  per  thousand,  but  JLS  this  rate  is  calculated  on  the  whole  population,  it  cannot 
be  trusted  to  show  changes  in  natality.  These  may  be  measured  roughly  by 
comparing  the  births  of  encli  je-ar  witli  the  number  of  persons  hnrn.sny.  twenty-six 
years  before.  The  ratio  of  the  birth1*  of  Is77  to  those  of  1  KM  -WHS  144  to  100. 
Since  then  the  ratio  has  fallen  steadily,  till  that  of  MKH)  to  IS74  was  only  KW'3 
to  100.  The  ratio  between  the  bir*,h,x  and  the  snnhors  of  the  persons  born 
twenty-six  years  before  and  still  remaining  in  this  country  probably  fell  still 
more. 

The  decline  of  natality  does  not  seem  to  have  been  due  to  a  decline  of  nuptiality, 
but  to  the  fact  that,  the  average  number  of  children  resulting  from  each  marriage 
has  diminished.  To  compare  tho  ninrringes  of  each  year  with  the  births  in  that 
year  is  misleading,  but  it  is  possible  to  get  a  useful  result  by  substituting  for  th« 
marriages  of  each  year  a  figure  in  which  due  weight  is  given  to  the  marriages  of 
previous  years.  The  following  table  gives  the  ratio  between  the  legitimate  births 
of  each  year  and  a  weighted  marriage  figure  equal  to  the  sum  of  ^»5  per  cent,  of 
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children  per  marriage  has  fallen  from  4*3G  in  1881-1884  to  3'74  in  1890,  and 
about  3-G3  in  1900 :— 


Year 

Ratio 

Year 

Ratio 

Year 

Ratio 

Year 

Ratio 

1851 

3-92 

1864 

4-17 

1877 

4-30 

i   1890 

4-08 

1852 

4'0l 

I   1865 

4-14 

1878 

4-30 

1   1891 

4-21 

1853 

3-87 

,   1866 

4*09 

1879 

4-28 

i   1892 

4-05 

1854 

3-90 

•   1867 

4-10 

1880 

4-34 

!   1893 

4-05 

1855 

3-85 

1868 

4-16 

1881 

4  36 

,   1894 

3-90 

1856 

3-97 

1869 

4-09 

1*82 

4-30 

1   1895 

4-01 

1857 

3-07 

)   1870 

4-19 

1883 

4  35 

1896 

3-94 

185S 

3-90 

1871 

4-19   ! 

1881 

4-3(5 

1S97 

3-8H 

1850 

4-10 

1872 

4-29   1 

1885 

4-27 

'   1S98 

3-80 

1860 

4-01 

1873 

4-22 

1886 

4-32 

1899 

3-74 

1861 

4-03 

1874 

4-26 

1887 

4-24 

1900 

3-63 

1862 

4-15 

1875 

1-18   ! 

1888 

4-20 

1863 

4-16 

1876 

4-31   1 

18S9 

4-21 

1 

i 

The  natality  of  Scotland  fell  in  the  same  period  from  the  same  cause,  though 
the  fall  was  not  quite  so  great. 

There  is  no  reason  to  regret  the  approach  of  a  time  when  the  population  of 
Great  Britain  will  become  stationary,  but  the  cessation  of  the  overflow  of 
population  from  Great  Britain  is  a  serious  matter  for  the  British  empire,  as  the 
natality  of  the  British  colonial  population  is  low  and  diminishing. 


3.   The  Significance  of  the  Decline  in  the  English  Birih-rate. 
By  CHARLES  8.  DEVAS. 

Great  increase  of  population  in  England  shown  by  the  recent  census  —Character 
of  increase  requires  examination — Decline  of  the  natural  rate  of  increase  a  result 
of  the  decline  of  the  binth-rate — This  decline  persistent  in  spite  of  a  higher 
marriage  rate— Likeness  to  the  decline  of  the  birth-rate  in  France,  in  North 
America,  and  in  Australasia — Analogous  decline  among  the  Greeks  of  the  second 
century  B.C.  described  by  Polybius— How  he  accounts  for  it — Similar  decline 
among  the  Romans  of  the  classical  period—In  the  six  cases  of  Greece,  Koine, 
France,  America,  England,  and  Australasia  one  common  antecedent  to  the  decline 
of  the  birth-rate  is  observable,  namely,  decay  of  religious  beliefs— Deductive 
reasoning  supports  the  inductive  conclusion  of  a  connection  between  the  two 
phenomena — How  far  John  Stuart  Mill's  anticipations  on  population  have  been 
realised  in  England — Grounds  alleged  for  the  slow  increase1  of  the  French  popula- 
tion— Possible  special  causes  of  low  birth-rates — Striking  difference  of  opinion  oil 
whether  a  low  birth-rate  is  desirable  or  not — Problems  before  us, 


4.  Correlation  of  the  Marriage-rate  and  Trade.1   By  K.  H.  HOOKER,  31. A. 

The  application  of  the  theory  of  correlation  to  economic  phenomena  frequently 
presents  many  difficulties,  and  most  fallacious  deductions  may  easily  be  drawn 
from  its  careless  use,  notably  with  regard  to  such  phenomena  as  'involve  the 
element  of  time.  The  usual  formula  adopted  for  testing  the  correspondence  of 

two  series  of  variables  is  /•=--'   ^?'i'V  ;  in  which  x.,  v,  are  the  deviations  of  two 

wo^o-o 
(    ••!••  -ponding  observations  from  the  averages  of  the  series,  and  er,,  o-.,  are  the 

1  Published  in  extemo  in  the  Journal  of  the  Royal  Statistical  Society,  Sept.  1901, 
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standard  deviation*.  But  this  correlation  will  clearly  only  #ive  an  indication  of 
the  correspondence  of  the  general  movements  of  two  curves;  whereas  the  minor 
movements  may  he  intimately  connected,  although  the  general  movements  maybe 
quite  different/  It  appears  possible  to  slightly  modify  the  usual  method  of  correla- 
tion so  as  to  eliminate  the  general  movement  in  the  special  case — of  very  frequent 
occurrence — where  the  phenomena  exhibit  a  regular  periodic  fluctuation,  and  to 
correlate  the  oscillations.  All  that  is  necessary  fur  this  purpose,  is  to  replace  tho 
deviations  from  the  average  of  the  whole  series 'in  the  above  formula  by  the  devia- 
tions from  the  trend,  or  curve  of  instantaneous  averages.  To  determine  this  trend, 
note  the  number  of  observations  Q>)  in  a  complete  phase  ;  the  instantaneous 
average  at  any  particular  point  is  represented  by  the  average  of  the  p  observations 
of  which  that  point  is  the  middle  one. 

As  an  illustration  tho  method  may  be  used  to  determine  which  of  tho  sets  of 
figures,  quoted  by  the  Registrar -General  in  his  annual  reports  for  comparison  with 
the  movements  of  the  marriage-rate,  is  uio&t  intimately  connected  with  it,  \  i/.t 
imports,  exports,  total  trade,  wheat  prices,  or  amount*  cleared  at  the  Bankers' 
Clearing  House.  The  !-ii:  -i  u—r.'i-  is  now  lower  than  formerly,  whereas  the 
trade  per  head  has  increased  :  there  is  thus  no  correspondence  between  the  general 
movements,  and  correlation  by  the  usual  method  about  the  average  merely  confirms 
thin.  But  the  :s  r  •'•!..-•  .-•  (and  four  of  the  other  phenomena  to  be  examined) 
shows  fairly  regular  oscillations  with  a  period  of  about  nine  years.  Replacing  the 
average  of 'the  whole  period  in  these  various  series  by  the  trend,  the  '  average '  for 
any  one  year  beinu:  the  average  of  the  nine  years  of  whicli  it  is  the  middle,  we  can 
thin  ascertain  what  correspondence  there* is  between  the  oscillations  of  these 
curves.  15v  c»«rn  lji'i'iup  the  m,. !::;._  --.Vi1  with  the  trade,  &c.,  of  the  previous  and 
following  yenr-,  »i'  hull'  a  year  earlier,  £c.,  other  correlation  coefficients are 
obtained :  'if  these  are  plotted  on  a  diagram  it  will  easily  be  seen  that  there  is  a 
point  of  maximum  correlation.  This  gives  a  measure  of  the  lag  of  the  marriage- 
rate  behind  the  trade-curve,  tho  point  of  maximum  correlation  indicating  the 
period  with  which  tha  marriage-rate  is  most  closely  connected. 

It  is  thus  found  that  the  total  trade  per  head  and  the  amount  of  clearing  are 
most  intimately  connected  with  the  marriage-rate,  the  exports  per  head  is 
almost  as  closely,  and  tho  imports  per  head  less  j*o,  although  t lie  correspondence 
with  ail  four  N  very  close.  There  is  on  the  other  hand  no  connection  between  the 
price  of  wheat  and  marriage-rate  nowadays,  As  regards  lag,  the  marriage-rate 
is  now  just  half  a  m>oar  behind  the  total  trade,  three  qiinrters  of  a  year  behind  the 
exports,  and  about  one  and  a  quarter  year  behind  the  clearing. 

It  is  noticeable  that  in  18<»1  -75  the  marri  a  pro-rate  was  only  a  quarter  of  a  year 
behind  the  total  trade  and  export  curves,  indicating  that  it  now  respond^  a  little 
more  slowly  to  tho  general  prosperity.  It  is  interesting  to  observe  that  this  defer* 
ment  of  a  quarter  of  ti  year  (as  compared  with  total  trade)  corresponds  very  fairly 
with  the  deferment  indicated  in  the  marriagos  by  a  consideration  of  the  ages  at 
marriage. 

r>.  Joint  Discussion  with  Section  L  on  Economics  and  Commercial 
Education,  opened  by  L.  L.  PRICK. 

In  the  middle  of  tho  nineteenth  century  the  economist,  exerted  a  dominant 
influence  over  British  public  opinion,  but  by  the  close  of  the  century  that  influence 
had  become  less  considerable.  The  stir  now  arising  on  commercial  education 
oilers  a  fresh  opportunity  for  asserting  tho  claim  of  Economics  to  a  distinct  place 
in  the  education  of  the  citizen  ;  and  two  circumstances  favour  the  advance  of  the 
claim.  On  tho  one  hand,  the  .inner  history  of  economic  study  uilbrds  reason  for 
believing  that  tho  old  controversies,  which  created  such  noise,  are  dying  or  dead ; 
that  the  criticism,  which  has  been  busy,  has  been  accompanied  by  a  considerable 
amount  of  constructive  work  ;  and  that  the  popular  antithesis  between  the  *  old* 
and  the  *  no<w  '  schools  has  lost  its  meaning,  if  it  is  supposed  to  represent  irrecon- 
cilable fouds.  On  the  other  hand,  economic  guidance  is  more  urgently  required  in 
practical  affairs ;  for  many  questions  coming  to  the  front  of  popular  discussion  are 
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economic  in  character.  The  pressure  of  commercial  rivalry^  for  example,  is  likely 
to  re-awaken  the  controversy  between  free  traders  and  protectionists ;  and  Economics 
has  something  of  importance  to  say  on  this  question.  The  superficial  appearance 
of  things  may  easily  mislead,  and  economists  can  render  unique  assistance  in 
disclosing  the  '  unseen '  below  the  '  seen.7  Similarly,  with  regard  to  questions 
classed  as  *  socialistic,1  which  are  attracting  increasing-  notice,  although  Economics 
is  not  entirely  individualistic,  and  its  conclusions  may  be  modified  by  political 
considerations,  its  aid  is  nevertheless  important.  IJoth  classes  of  questions  are  of 
special  interest  for  the  merchant  and  the  manufacturer.  The  individualistic 
spirit  prevalent  among  Americans,  who  promise  to  be  the  most  formidable  of  our 
commercial  competitors,  lends  emphasis  to  the  danger  attaching  to  a  trade  union 
policy  which,  of  unconscious  or  deliberate  intent,  may  possibly  oiler  real  hindrance 
to  the  rapid  use  of  new  machinery  or  the  speedy  introduction  ot  novel  business 
methods.  Restrictive  legislation,  for  the  same  reason,  must  be  scrutinised, 
although  in  the  early  days  of  the  factory  system  economists  erred  from  short  ness 
of  sight,  and  *  factory  reformers '  displayed  more  regard  for  the  permanent  welfare 
of  the  nation.  Economic  studv  is  specially  calculated  to  induce  the  habit  of  mind 
needed  to  discover  and  expose  lurking  fallacy. 

On  this  ground  a  place  may  be  claimed  for  the  abstract  reasoning  of  the  text- 
books in  commercial  education.  Business  men  deal  with  the  concrete  in  their 
ordinary  lives,  and  without  some  preliminary  mental  discipline  they  may  fall  a 
prey  to  unsuspected  fallacy.  Some  training  in  logic  is  held  by  most  men  to  be 
beneficial,  and  an  acquaintance  with  economic  argument,  a^  expounded  in  the 
theoretical  reasonings  of  the  text-books,  may  impart  this  training  in  close  connection 
with  the  phenomena  of  business-life.  Although  the  business  man  may  act  by 
instinct  rather  than  reason,  instinct  is  often  the  slow  product  of  Inrc'e  experience ; 
and  an  ability  to  see  and  trace  the  connection  between  cau^e  and  eiVect  cannot  fail 
to  be  useful.  Without  some  such  mental  training  the  po>-sibility  of  a  '  plurality  of 
causes'  and  an  'intermixture  of  effects'  mny  escape  recognition;  and,  us  an 
intellectual  discipline,  the  abstract  reasoning  of  the  economists  atl'ords  u  more 
rigorous  and  bracing  exercise  than  economic  history.  "Regarded  from  this  stand- 
point even  '  mathematical  methods  '  of  study,  which  induce  precision,  may  find  a 
place  in  commercial  education  ;  but  the  place  cannot  be  large,  ay  they  foster  the 
harmful  idea  that  economic  reasoning  is  too  hard  for  averag?  men.  The  use  of 
theory  as  a  mental  training  might  be  illustrated  by  many  examples  ;  but  the 
theory  of  money  and  of  banking,  which  has  undergone-  less  change  than  other 
theories,  and  is  closely  related  to  the  daily  lifo  of  bankers  and  financiers,  may  bo 
taken  as  a  typical  instance. 

Economic  history  must  fill  a,  very  largo  place  in  commercial  education.  It  has 
recently  made  marked  progress.  Escaping  from  arid  controversies  about  method, 
although  the  conclusions  of  one  historinn  may  be  questioned  or  rejected  by  bis 
successors,  and  much  may  remain  unexplored  or  uncertain,  it  is  now  able  to  present 
the  broad  characteristics  and  leading  events  of  English  commercial  and  industrial 
history  in  orderly  sequence  for  the  instruction  of  the  citi/en.  From  the  point  of 
view  of  commercial  education  too  much  time  may  hitherto  have  been  spent  on 
questions  of  origin — such  as  the  manor-  -which  attract  by  the  opportunity  they  ofler 
for  ingenious  hypothesis,  but  aro  from  their  nature  difficult  to  sol\e,  and,  by 
comparison,  too  little  attention  may  have  been  bestowed  on  later  but  less  misty 
periods.  But  it  is  impossible  to  gain  a  real  linmvlpdi:'1  of  the,  causes  and  conditions 
of  the  commercial  and  industrial  success  of  I'n^l'niil  without  a  special  study  of 
economic  history,  as  general  histories  have  dealt  but  wcantily  with  economic 
matters.  The  maintenance  of  that  success  is,  to  some,  extent,  dependent  on  the 
knowledge  and  on  the  investigation  of  the  rise  and  fall  of  other  nations  which  have- 
been  conspicuous  in  trade. 

Lastly,  Statistics,  which  has  also  progressed  of  late,  supplies  Economics  with 
the  means  of  systematic  observation,  in  default  of  the  more  effective,  mode  of 
experiment  open  to  a  physical  science  like  Chemistry.  An  elementary  knowledge 
of  statistical  technique  and  methods  is  a  requirement  of  the,  times  and  a  special 
need  of  commercial  education. 
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TUESDAY,  SEPTEMBER  17. 
The  following  Papers  were  read : — 
1.  A  Discussion  on  Housing  was  opened  by  Professor  W.  SMART. 


2.   The  Economic  Effect  oflfv.  Tramways  Act,  1870. 
By  E.  P.  VESEY  KNOX,  M.A. 

The  Act  has  now  been  thirty  -one  yearn  in  operation,  and  has  never  been 
amended.  It  has  been  a  disastrous  legislative  experiment.  This  view  is  not  the 
result  of  opposition  to  municipal  trading,  nor  baaed  on  any  idea  that  municipal 
ownership  of  tramways  is  an  economic  mistake. 

1.  Jlislori/  ami  tiffed  of  the  Ad. 

The  decision  in  AY//,  v.  Train  (  \$(j'2)  rendered  it  necessary  to  obtain  Parliamen- 
tary authority  to  lay  down  a  tramway.  The  object  of  the  Act  was?  to  facilitate 
tramways  by  substituting  Provisional  Order  for  Dill.  It  was,  huwyver,  hedged 
round  with  restriction1-. 


II.   '/V/c   ri':t  <»J  I  ln>  Dt/tartt"  /tint  Mtf/iwi  <'f  L(fji<ltttin/t. 

The  essence  of  the  departmental  method  is  that  the  inspector  who  holds  the 
local  inquiry  (if  am  )  IIUMID  antliority  t.)  (Wide.  The  Hoard  of  Trade  ha\e  failed 
to  obtain  any  reflect  W  elections  in  really  contested  ca?e>.  In  .such  cases  the 
practice  of  promoter**  i**  no\v  to  ^o  to  Parliament  direct. 

111.   /'//<'  ll'ttiit  <•/  t'mnjtuli'Hrii  I'wmfvr  the  ftikint/  «>/  Land. 

\\i\g\\t\\  roacN  are  M'ldom  Miitctl  for  tramway*  without  alteration,  yit  the 
Tramway  Order  may  not  authorise  the  taking  of  land  tor  road  widening. 

TV.    Tlir  J''r*i/itt»/trti  Vt-to. 

Knmtairers  in  nnrrow  plue«-scan  prtnent  tramwn\d  by  a  mere  nu-chiimcal  veto. 
This  has  led  to  .single  lines  ami  other  bad  tramways. 

V.   The  \\t\*  '»f  Ihr  Loral  Auth'u'i  tie*. 

This  veto  has  vMiii'timi^  been  ahiioed.  and  lia.s  tended  to  di.MYiar.i^e  the  best 
schemes  and  the  ^ounde.st  })romotei>,  It  is  not,  however,  likely  that  an  objection 
by  a  local  authority  based  on  reasonable  ground*  would  over  bo  overruled, 

VI.   Tin  Purchase  ClttHM  . 

There  were  somo  <?ooil  reasons  for  inserting  a  purchase  clause,  thou^li  nothing 
oft  ho  sort  hud  been  applied  to  railways,  HIU!  tr«s  and  wat«-r  iiiulertakina-shave  only 
betMi  purchased  under  special  Acts  at  a  very  full  pric".  It  is  now  hoprloss  to  con- 
tend that  there  should  be  no  power  of  purchase;  the  really  debatable  matters  are 
tlio  period  and  the  method  of  valuation.  Mr.  SSiaw  Lffevre  anlicij»ated  that  pro- 
moters would  not  mind  the  purchase  clause  because  there  was  no  limitation  oi 
profits.  What  they  did  was  to  try  to  take  their  profit  through  intlating  tho 
capital,  and  clear  out.  Hence  abortive  .schemes  and  (It-appointed  investors,  The 
comparison  between  the  price  at  which  raihvuy  arid  tramway  capital  can  be  rai.^ed 
is  not  less  instructive  than  that  between  private  and  municipal  credit  for  tramway 
purposes.  Tho  best  class  of  investors  have  been  discouraged  by  the  Tramway* 


754 


REPORT — 1901. 


Act,  and  the  cost  of  capital  for  tramway  enterprise  has  consequently  been 
increased. 

The  great  discovery  of  the  application  of  electricity  to  tramways  came  just 
when  the  purchase  periods  in  England  were  running1  out.  There  was  consequently 
a  long  delay  in  adopting  the  new  invention,  and  though  England  ought,  but  for 
Parliament,  to  have  led  the  world,  as  it  did  in  i  ail  way  construction,  it  has  been 
kept  behind  other  countries,  and  has  suffered  social,  economic,  and  industrial  loss. 
There  is  no  other  country  which  had  so  great  a  need  for  electric  tramways  as 
England. 

The  corporations  have  been  slow  to  try  experiments  owing  to  their  careful 
trusteeship  of  the  ratepayers'  money. 

The  method  of  valuation  is  more  important  than  the  period  of  purchase.  If 
goodwill  is  not  to  be  paid  for  there  is  no  adequate  motive  for  d-u  loping  a  busi- 
ness. The  corporations  have  actually  lost  on  balance,  for  while  Tramway  Act 
price  is  less  than  enough  for  a  good  tramway  it  is  too  much  for  a  bad  tramway.  It 
pays  the  company  better,  when  the  purchase  period  is  approaching,  to  retain  an 
obsolete  equipment,  which  ought  to  be  scrapped,  so  as  to  make  the  corporation 
buy  it. 

Practically  no  tramways  are  now  made  by  companies  on  Tramways  Act  terms 
without  modification  ;  but  the  retention  of  the  Act  on  the  statute  book  still  does 
a  great  deal  of  injury  to  tramway  enterprise. 


3.  Notes  on  Glasgow  Wages  in  the  Nineteenth  Century. 
JJy  A.  L.  BOVVLEY,  M.A. 

The  statistics  available  for  an  e*timatr-  of  thr  changes  in  the  rate>  of  n  \cru»re 
wages  are  \orv  numerous,  but  it  is  only  in  a  few  ca>e*  that  a  reliable  calculation 
extending  over  half  a  century  can  be  made. 

The  following  taljle  shows  in  rough  form  average  money  v\apis  (n^nming  no 
change  in  regularity  of  employment  and  averaging  o\er  leu  or  t  \\en1  y  \e:uM  in 
various  industries,  expressed  in  each  case  as  percentage*,  of  their  L'vel  in  the 
decade  1890-1900:— 
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The  general  aven  -  *•  .'  *  i  •  *  •  *.  he  affected  if  allowance  were  miulu  for 
fiuch  changes  in  the  i  •  •.;  :  •  working-class  population  a&  the  growth  of 

the  class  of  partially  skilled  workers. 

xso  attempt  has  been  made  to  include  any  estimate  for  the  changes  in  the 
purchasing  power  of  money. 
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4.  The  Poor  Law  and  the  Economic  Order.     J}y  T.  MACK  AY. 

Early  legislation  concerning  the  poor  was  for  their  regulation,  not  for  their 
relief.  It  was  based  on  an  assumed  adscription  of  the  population  to  the  soil.  The 
obligation  of  the  community  to  relieve  was  of  later  origin.  On  this  territorial 
"basis  was  founded  our  system  of  poor  relief  as  established  by  Elizabeth. 

The  legislature  regarded  the  population  as  stationary,  but  it  was  not  till  some 
fifty  years  afterwards  that  the  mobility  characteristic  of  an  industrial  population 
came  into  conflict  with  this  assumption. 

For  remedy  the  14  Charles  II.,  c.  1:2  (1CG2),  attempted  to  detine  settlement 
and  facilitated  the  forcible  removal  of  migrant  labourers  to  their  place  of  settle- 
ment. The  tyranny  of  this  has  often  been  condemned,  and  from  the  first  many 
methods  of  evasion  were  adopted.  The  complete  immobility  of  the  population, 
however,  was  due,  not  to  this  enactment,  but  to  the  guarantee  of  maintenance  held 
out  to  everyone  who  clung  resolutely  to  his  parish  and  to  his  decaying  industry. 
It  was  this  system  of  imprisonment  in  some  15,000  parishes  that  gave  rise  to  the 
appearance  of  over-population.  Labour  was  rendered  immobile,  not  only  in  place, 
but  in  character  and  habit. 

The  bu&inebs  of  the  new  poor  law  in  1834  was  to  relax  these  bonds  and  allow 
the  absorption  of  the  population  into  the  economic  order.  It  was  in  largo 
measure  successful,  aud  subsequent  experiments  in  the  way  of  restriction  have 
sought  to  carry  the  reform  further.  "Ihe  justification  of  a  restrictive  policy  is 
that  pauperism  is  a  retention  of  a  part  of  our  population  in  a  condition  of  primitive 
poverty  much  longer  than  the  economic  necessity  of  the  situation  warrants. 
This  archaic  survival  is  to  be  contrasted  with  ths  economic  order,  which  offers  the 
true  policy  of  emancipation. 

The  hand-to-mouth  life  is  now  more  amply  endowed  than  it  has  ever  been ;  a 
consideration  which  answers  tho  argument  that,  in  uew  of  the  improved 
conditions  of  working-class  liie,  a  relaxation  of  poor-law  teMs  is  desirable. 
Improved  opportunities  for  independence  too  often  merely  go  to  make  the  pro- 
letariate life,  for  the  time  being,  more  profuse  and  irresponsible.  The  difficulty  is 
to  induce  a  certain  type  to  submit,  in  c\en  the  slightest  degree, to  the  discipline  of 
the  economic  order  and  to  renounce  its  much  more  natural,  primithc,  hand-to- 
mouth  instincts. 

Maine's  generalisation  that  progress  is  from  status  to  contract  is  bused  on 
historical  fact ;  but  as  regards  the  future  it  may  not  be  the  last  word.  It  is  sub- 
mitted, however,  that,e\en  if  we  welcome  a  tendency  to  revert  in  certain  directions 
to  civic  and  municipal  status,  the  status  of  parochial  pauperism  is  a  condition  from 
which  we  should  endeavour  to  emancipate  our  poorer  population. 

f>.  Kntitih  Colonial  /WiV//  in  it*  Economic.  Aspect. 
Jjy  ARCHIBALD  P>.  CLAIIK,  J/.JL 

Tim  timely  and  suhstantiiil  assistance  rendered  to  (treat  Britain  by  the 
Colonies  in  the  South  African  War  has  awakened  a  fresh  interest  in  the  question 
whether  a  more  formal  recognition  and  exact,  definition  should  not  be  given  to 
the  rights  and  responsibilities  of  the  Colonies  in  connection  with  the  government 
and  defence  of  the  Knifiire.  The  problem,  like  nearly  e\ery  practical  problem,  is 
not  exhausted  by  consideration  of  its  purely  economic  aspects,  But  the  policy  of 
*  tightening  tho  ties  '  is,  at  present,  advocated  mainly  on  economic  grounds;  and  it 
is  sought  to  attain  the  end  in  view  by  the  manipulation  of  economic  factors. 

As  regards  defence,  under  modern  conditions  a  huge  and  growing  expenditure 
on  the  Army  and  Navy  is  inevitable- ;  and  it  is  argued  that  the  Colonies,  who 
equally  with* Great  Britain  gain  from  the  resulting  security,  may  fairly  be  asked 
to  contribute  towards  the  expense.  But  (ft)  by  way  of  compensation  our  weight 
in  the  councils  of  the  nations  is  vastly  greater  by  reason  of  the  possession  of  our 
Colonial  Empire.  (/;)  Recent  experience  suggests  that  the  interests  of  Imperial 
Defence  may  be  better  served  by  the  spontaneous  action  of  the  Colonies  than  by  a 
formal  and  binding  contract. 
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It  is  thought  that  we  might  find  material  compensation,  and  at  the  same  time 
meet  the  hostile  tariffs  of  foreign  countries  and  increase  the  strength  of  the 
Empire,  by  entering  into  a  Customs  Union  with  our  Colonies  on  the  basis  of  freo 
trade  within  the  Union  and  protect  ion  against  the  foreigner.  <  )r,  failing  that,  we 
might  adopt  a  system  of  bounties  on  trade  wiih  the  Colonies.  Hut  (a)  we  relv  on 
the  foreigner  for  food  and  raw  materials  ;  and  of  the  total  external  trade  (import 
aud  export)  of  the  Unittil  Kingdom,  roughly  7o  per  cent,  is,  and  has  been  for 
half-a-century,  a  trade  with  foreign  countries"  (h)  The  di\er.-ity  of  interests,  loo, 
among  the  Colonies  themselves  renders  it  hopeless  to  expect  that  tiny  scheme 
could  be  formulated  which  \\ould  fail  to  create  discord.  (c]  Any  such  scheme  — 
whether  of  differential  duties  or  bounties-  -would  involve  u  serious  departure  from 
our  free-trade  policy  the  great  virtue  of  which  is  its  practical  .simplicity. 

Like  that  iree-trade  policy,  the  existing  connection  between  Great  '  Brit  nin  and 
her  Colonies  may  be  imperfect  in  theory,  but,  like  it,  it  lias  proved  workable  in 
practice.  Under  the  one  we  have  enjoyed  half-a-century  of  mirn  ailed  prosperity  ; 
and,  as  the  outcome  of  the  working  of  the  other  for  a  similar  period,  we  have 
amongst  the  Colonies  a  sense  of  unity  and  an  intensity  of  lo\alty  to  tin;  mother 
country  unparalleled  in  history.  This,  too,  has  been  'most  unqualified  where  the 
hand  of1  Downing  Street  '  had  been  least  conspicuous.  The  policy  of  '  tightening 
the  ties  '  is  really  retrograde  aud  uiilu^torical.  It  represents  "the,  extreme  of 
reaction  from  the  view  which  prevailed  generally  from  about  1810  to  JSS)  thai 
the  independence  of  the  Colonies  would  be  the  natural  outcome  of  the  concession 
of  self-government  .  It  involves  a  return  to  that  sy&tem  of  monopoly  and  inter- 
ference by  the  central  irovernment  \\hieh  in  the  eighteenth  century  loot  u»  the 
American  Colonies.  Tu  our  colonial  policy  the  most  pressing  need  at  present  is 
concentration  and  economy,  based  on  recognition  of  the  truth  that  trade  follows 
the  tlag  in  no  other  souse  than  that  it  follows  the  establishment  of  peace,  ^'curity, 
and  good  government. 

6.  The  Present  Position  of  Womau  an  a  Worker.     J>y  Mis.-*  AI.  JT.  IKIMX. 


to  the  rapidly  inert  tMtig  number  of  women  \\lio  are  \rar  b\  \«'ar 
entering  both  the  professional  and  the  industrial  Inborn*  iniirl*et,  the  nut  lire  and 
conditions  of  women's  emplm  incut  form  :i  Mibjert  of  JiiM,  importance  to  the 
economic  student,  not  only  in  relation  to  the  \\<micn  thi'in<-clves,  but  II!MI  in 
respect  to  th'Mr  nvn  fellow-  workers,  and  ihe  jjeiu  ril  d^velopnu'iil  of  our  national 
industries.  Many  industrial  cniupluMtion-  ha\''  arisen,  and  Hi  real  en  }*till  to  ari^e, 
from  the  ])r«'senc»i  an«l  the  i»x1  ended  sipplif  atmu  of  ^i»niea\  l,il>our. 

Tlieii*  is  «'i  A\ant  of  ade^iifite  an<l  authoritative  informal  inn  rcirMnhni;  women's 
work.  The  subject  has  Mifieivd  in  th"  pa*t  from  beiny  n'narded  as  a  mutter  for 
philanthropic  sentiment  rather  than  economic  repeat  ch.  A  change  of  at  tit  udr  i> 
being  brought  about  through  variou-1  causes. 

The  need  for  systematic  ini|uir\  and  «-\act  Icnowledtrn  us  proMding  a  h:isi>  for 
both  philanthropic  eflort  and  lc£i*]ati\e  reform.  JjOg^lati\e  a(ktion  i«  s]>etially 
desirable  for  the  regulation  of  the  conditions  of  \\iimcir~  work,  owinu  to  the 
difficulty  of  forming  any  organisation  among  them  Milh'cientK  ntron«j  to  ]u-ot.ect 
them  from  po>sible  evils  in  the  way  of  e\cessi\f>  houiv  and  other  unhealthy 
conditions  of  work. 

Uesults  of  iii\t—  liiMtiiii:*  undertaken  by  tb«'  Scottish  (Council  for  Women's 
Trader  and  other  bodies  into  various  employments  followed  by  worn  en  in  \\hich 
there  was  either  no  legislative,  restriction*,  ur  thc.sc  \\i-n;  defective.  Laundries, 
shop  I  '.'':•  into  home  work.  Thu  economic  n»>ulU  of  home  \\ork. 
Th(j  •  •  ..  :•  '  le  que&tion.  Propo.sed  regulations.  Tlie  dressmaking  tnide. 
The  tailoring  trade.  A  complex  and  highly  graded  industry  of  apccml  value  as  a 
subject  for  economic  iuvtMtipationn. 

Among  the  Hii^gPbtivo  points  oifered  for  study  bv  the  tailoring  trade  are  the 
competition  between  the  men  und  women  worker?  .  The  rf^ulU  of  tlie  int  roduction 
of  the  cheap  and  unprotected  labour  of  women,  system-  of  wages  rating,  displace- 
ment oi  the  skilled  hand  labour  of  men  by  tho  machnu.'-Uin*l"<i  and  i  uinparulively 
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unskilled  labour  of  women.  The  rise  of  the  clothing  factory  and  spread  of  the 
division  of  labour  system,  the  operation  of  factory  legislation,  and  the  Public 
Health  Acts.  The  difference  between  the  rates  paid  to  the  two  sexes  for  work 
of  the  same  nature  and  efliciency.  The  absence  of  a  standard  and  uniform  rate  for 
women's  work. 

0  uses  which  may  account  for  the  lower  wage*-rates  of  women.  Attitude  of 
the  men's  Union  towards  the  women  workers.  The  nature  and  significance  of 
women's  competition.  The  extension  of  mechanical  aids  favouring  the  increased 
application  of  women's  labour.  The  typographical  trade.  The  new  printing 
machines  and  the  scarcity  of  boy  labour  furthering  the  employment  of  women. 
The  textile  trades  of  Scotland.  These  have  become  practically  women's  industries 
since  the  introduction  of  the  power-loom.  Bookbinding.  The  non-employment 
of  women  in  many  departments  of  this  trade  is  due  to  artificial  restrictions,  such 
as  custom,  and  the  lines  of  demarcation  laid  down  by  the  men's  Union.  Ho  far 
as  an  investigation  into  the  printing,  bookbinding  and  kindred  trades  which  is 
now  ill  progress  has  gone,  it  would  appear  that  while  machinery  has  displaced 
hand  labour  in  certain  departments,  owing  to  the  largely  increased  output,  them 
has  been  an  increase  in  the  total  number  of  workers  employed  all  over  the  factories 
coming  under  observation. 

In  view  of  possible  future  industrial  change*,  in  which  womeu's  labour  is 
likely  to  be  a  very  important  tact  or,  there  is  urgent  need  tor  systematic  investigations 
of  the  nature  and  conditions  of  women's  labour. 


is. 

The  following  Papers  and  Report  were  read  :--- 
1.  The  Rt'al  Incidence  of  Local  fiat**.     Jiy  CAMERON  CORBETT,  M.P. 

The  incidence  of  local  rates  is  fundamentally  intluenced  by  the  question  as  to 
whether  the  area  affected  by  them  is  fully  built  up  or  is  affected  by  a  practical 
chance  of  additional  acccommodation  being  provided  within  it.  If  it  be  fully  built 
up,  then  the  rate  falls  on  the  owner  except  in  so  far  as  the  cause  of  the  rates  is  cal- 
culated to  affect  the  rents  beneficially;  that  is  to  say,  the  burden  of  wasteful 
administration  would  fall  upon  him.  In  the  cases  where  a  higher  rate  affects  an 
area  where  building  can  be  influenced  by  it,  the  burden  falls  on  the  tenant  in  the 
same  way  as  the  burden  falls  011  the  consumer  of  a  manufactured  article, production 
being:  checked  thereby. 

The  proposal,  after  taxing  building  and  land  together,  to  put  a  special  second 
burden  on  land  values  would  raise  the  price  of  houses  to  buyers,  and  consequently 
the  rent  to  tenants.  The  reduction  of  four  years'  purchase  in  the  selling  price  of 
ground  rents  which  has  taken  place  during  recent  years  has  amounted  in  many 
instances  to  more  than  the  whole  cost  of  the  land,  and  has  therefore  affected  the 
production  of  houses  as  unfavourably  for  the  occupiers  in  these  cases  as  if  the  cost 
of  the  land  had  been  doubled.  It  is  quite  evident  that  land  values  being  exposed 
to  a  special  rate  would  affect  the  buyers  and  tenants  of  houses  very  severely,  for 
the  builders  would  require  to  get  as  much  additional  inducement  from  the  buyer 
of  the  house  as  would  counterbalance  the  lessened  amount  they  would  receive  from 
ground-rent  buyers. 

2.  Recent  Results  of  Farm  Labour  Colonies.    By  HAROLD  E.  MOORE,  F.S.I. 

At  the  Liverpool  Meeting  in  1895  a  paper  was  read  on  '  Farm  Labour  Colonies 
and  Poor  Law  Guardians.'  It  was  then  pointed  out  that  farm  labour  colonies 
might  be  considered  to  be  of  two  distinct  classes.  One  of  these  would 
be  colonies  for  the  reception  of  well-conducted  men  of  the  working  classes 
temporarily  out  of  employment ;  and  the  other  class  would  be  colonies  for  the 
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reception  of  men  who  would  otherwise  be  in  the  casual  wards,  inmates  of  work- 
houses, or  dependent  partially  on  private  charity.  It  was  suggested  that  the  esta- 
blishment of  colonies  of  the  first  class  was  difficult ;  but  the  further  extension  of  the 
second  named  was  recommended  as  being  both  desirable  and  practicable. 

During  the  last  six  years  there  has  been  extension  in  the  work  of  the  last 
named,  and  so  far  with  satisfactory  results.  Colonies  under  the  control  of  volun- 
tary committees,  but  subsidised  by  grants  from  Boards  of  Guardians,  are  at  work  : 
Ja)  At  Hadleigh  in  Essex,  under  the  control  of  the  Salvation  Army  ;  (b)  at  Dorking 
in  Surrey,  under  the  control  of  the  Church  Army,  in  succession  to  a  smaller  one 
carried  on  by  that  ^r.-  v\ -.«•:-*-  -ear  Ilford  in  Essex;  and  (c)  at  Lingfield  in 
Surrey,  and  another  ••••!•..•  K--  -l.-i!  in  Westmoreland,  under  the  control  of  the 
Christian  Union  for  Social  Service.  The  financial  and  other  results  of  each  of 
these  efforts  from  their  economic  aspect  is  separately  considered. 

There  are  also  colonies  in  operation  not  subsidised  by  Poor  Law  funds,  the 
most  important  being  the  one  under  the  control  of  the  Scotch  Colony  Association, 
near  Dumfries.  There  is  also  a  colony  for  women  only,  founded  by  the  efforts  of 
Lady  Henry  Somerset,  near  lleigate  in  Surrey,  as  well  as  some  smaller  private 
attempts  at  providing  work  on  the  land  as  a  means  of  relief;  while  Guardians  at 
Sheffield  and  elsewhere  are  working  land. 

The  results  show  that  colonies  for  the  second  class  (a)  have  reduced  the  cost 
of  maintenance  of  those  there  received  as  compared  with  the  expense  of  their 
maintenance  in  other  ways ;  and  (b)  have  been  beneficial  as  a  reformatory  influence 
when  the  work  has  been  under  the  control  of  Christian  voluntary  committees, 
restoring  some  to  independent  life  who  would  otherwise  have  remained  in  a  perma- 
nent dependent  position. 

3.  Feebleness  of  Mind,  Pauperism,  and  Crime.      By  Miss  MARY  DENDY. 

The  special  rjoint  to  be  proved  is  this:  we  are  to-day  suffering  from  an  evil 
which  will,  if  unchecked,  bring  ruin  upon  our  nation,  and  that  before  very  long. 
A  chain  is  no  stronger  than  its  weakest  link,  and  the  weakest  link  in  the  chain  of 
our  social  life  is  the  mass  of  mentally  feeble  persons  who  live  amongst  us, 
unguarded  and  unguided,  suffering  and  helpless,  a  danger  to  themselves  and  to 
Society,  and  perpetually  propagating  their  species.  The  time  has  come  when  this 
evil  must  be  dealt  with,  very  tenderly,  very  kindly,  so  far  as  individuals  are 
concerned,  but  very  plainly,  very  scientifically,  so  far  as  Society  at  large  is  con- 
cerned. As  years  ago  our  nation  realised  that  we  had  no  right  to  populate  a  new 
country  with  criminals  and  ceased  to  send  its  convicts  abroad,  so  now  we  should 
realise*  that  we  have  no  riprht  to  provide  for  our  own  future  a  feeble,  helpless, 
half-witted  population.  That  this  is  what  we  are  doing  at  present  there  is  no 
doubt ;  the  main  cause  of  feebleness  of  mind  is  heredity. 

The  time  is  come  when  we  should  ask  for  scientific  morality,  should  question 
what  is  morality  worth  which  is  not  scientific,  and  should  demand  that  the 
transmission  to  the  future  of  a  terrible  evil  shall  be  stopped — an  evil  which  brings 
all  other  evils  in  its  train.  It  is  not  only  that  our  weaker  brethren  themselves 
become  criminals ;  they  afford  the  opportunity  for  crime  in  those  who  are  not 
weak  but  only  bad.  It  is  probable  that  two-thirds  of  the  crimes  of  our  nation 
might  be  prevented  in  the  course  of  two  generations  by  a  scientific  method  of 
dealing  with  the  feeble-minded.  And  we  must  remember  that  it  is  futile  to  talk 
of  weak-minded  criminals  as  sinners.  Sin  there  must  be,  where  so  much  crime 
and  misery  are ;  but  the  sin  lies  where  tlu*  responsibility  lies,  and  that  is  with  the 
sane  and  not  with  the  insane. 

The  one  defect  most  generally  common  to  weak-minded  persons  is  great 
weakness  of  will-power. 

There  is  a  whole  class  whose  feebleness  consists  in  a  total  lack  of  the  moral 
sense.  It  was  of  these  that  Huxley  wrote :  '  As  there  are  men  born  physically 
cripples  and  intellectually  idiots,  so  there  are  some  who  are  morally  cripples  and 
idiots,  and  can  be  kept  straight  not  even  by  punishment.  For  these  people  there 
is  nothing  but  shutting  up  or  extirpation.' 
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Many  persons  who  are,  when  left  to  their  unassisted  efforts,  quite  helpless  can 
earn  a  living,  or  partly  earn  a  living,  when  under  constant  supervision.  The 
lacking  will-power  can  be  imposed  from  without.  The  late  Sir  Douglas  Galton 
said  that  the  feeble-minded  man  could  never  be  worth  three -fourths  of  a  man. 
That  three -fourths,  at  least,  could  generally  be  arrived  at  in  proper  conditions. 
His  weakness  of  will  makes  him  obedient  to  any  suggestion ;  he  can  be  trained  to 
make  use  of  all  the  faculties  he  possesses,  and  those  faculties,  though  they  cannot 
be  made  normal,  can  be  greatly  strengthened.  Thus  in  good  hands  he  may  become 
nearly  self-supporting,  while  in  bad  hands  he  is  self-destroying. 

However,  the  Commissioners  in  Lunacy  have  given  us  a  good  working 
definition  of  the  feeble-minded.  They  speak  of  '  persons  who  are  known  as  the 
feeble-minded.  They  are  not  the  subject*  of  such  a  degree  of  mental  unsoundness 
as  in  the  opinion  of  the  medical  ofHcers  renders  them  certificable  in  the  eye  of  the 
law,  and  they  are,  therefore,  unable  to  be  detained  against  their  will,  although 
they  are  not  sufficiently  of  sound  mind  to  be  able  to  take  care  of  themselves.' 

Briefly  what  happens  to  a  feeble-minded  boy  (and  there  are  three  boys  of  this 
type  to  every  two  girls)  is  this :  He  leaves  school  quite  unable  to  take  care  of 
himself;  very  often  the  one  wholesome  influence  of  his  life  ceases  with  his  school- 
days, his  parents  being  very  little  stronger  in  mind  than  himself.  Their  one  idea 
is  to  make  him  earn  money  for  them.  He  knows  no  skilled  work  and  cannot  keep 
u  situation  if  he  gets  one.  He  comes  upon  the  streets,  sells  matches,  shoe-laces, 
papers,  and  generally  ends  by  turning  up  in  gaol.  By  this  time  he  has  become 
used  to  a  vagrant  life,  and  as  he  can  only  move  along  the  path  of  the  least 
resistance,  and  as  it  is  made  so  much  easier  for  him  to  go  wrong  than  to  go  right, 
he  goes  wrong  persistently,  and  becomes  a  confirmed  criminal.  So  he  grows  up 
through  a  pitiful  and  degraded  youth  to  a  pitiful  and  degraded  manhood  and  dies, 
leaving  behind  him  offspring  to  curry  on  the  horrible  tradition.  With  the  girls 
the  evil,  though  not  more  real,  is  more  obvious,  and  for  this  reason  more  attempts 
have  been  made  to  help  them  than  their  brothers.  Of  course,  in  accidental  cases, 
where  the  parents  are  respectable,  they  do  their  best  for  their  weakly  children, 
and  try  to  keep  them  at  home  or  with  kindly  employers.  But  if  they  are  of  the 
wage-earning  class  they  ultimately,  in  nearly  every  rase — their  natural  protectors 
dying — come  upon  the  rates.  The  main  cause  of  this  terrible  evil  is,  undoubtedly, 
heredity.  The  child  of  a  feeble-minded  parent  is  likely  to  be  one  degree  at  least 
worse  than  that  parent.  Dr.  Caldicott,  of  Karlswood,  says  :  '  In  our  statistics  the 
one  cause  which  stands  prominently  forward  is  Heredity,  Mid.  the  more  accurately 
we  are  able  to  penetrate  the  family  history  of  our  cases  the  more  we  are  forced 
to  the  conclusion  that  a  very  definite  "  neurotic  "  taint  is  lound  in  the  direct  and 
immediate  progenitors.  For  my  own  part  I  believe  this  to  be  as  high  aa  70  to 
75  per  cent/  Dr.  Miiller,  of  Augsburg,  also  states  that  70  per  cent,  of  weak-minded 
persons  are  accounted  for  by  heredity. 

The  Knglish  law  has  at  length  recognised  the  existence  of  these  people  as  a 
class,  apart  both  from  the  sane  and  the  certificated  insane. 

It  now  permits  educational  authorities  to  make  provision  for  them,  but  only 
up  to  the  age  of  sixteen.  As  if  those  who  are  mentally  unsound  at  sixteen 
would  be  mentally  sound  at  seventeen ! 

In  1898  there" were  100,0*22  children  on  the  books  of  the  public  elementary 
schools  of  Manchester.  Of  these  44,468  were  in  the  Board  school.  I  now 
proceeded  to  make  an  inspection  of  all  these  Board  School  children,  and  I  saw  at 
their  work,  all  who  were  in  actual  attendance,  39,<100.  When  I  saw  a  child  who 
seemed  to  me  abnormal,  I  made  a  special  examination  of  it,  speaking  also  to 
normal  children  so  as  to  avoid  singling  out  any  one  for  remark.  With  the  aid  of 
an  attendance  officer,  I  took  down  all  particulars  concerning  the  child.  In  this 
way  I  made  notes  on  525  children.  This  report  would,  of  course,  not  in  itself 
have  been  reliable  evidence.  But  when  it  was  complete  we  were  so  fortunate  as 
to  secure  the  help  of  Dr.  Ash  by,  our  great  children's  doctor,  the  head  nhysician  of 
our  children's  hospital,  a  man  whose  opinion  is  acknowledged  to  be  the  best 
possible.  He  most  kindly  consented  to  see  all  my  cases.  IIo  examined  every 
child  carefully  and  gave  a  written  opinion  on  each.  He  summarised  the 
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result  thus :  *  Out  of  500  examined,  214  were  dull  and  backward  (it  being  under- 
stood that  the  backwardness  arose  from  the  child's  condition,  not  from  homo 
conditions),  276  were  mentally  feeble,  4  were  deaf-mutes,  and  C  did  not  appear 
to  be  sufficiently  behindhand  to  come  under  either  of  these  terms.' 

Adding  the  proportion  fur  the  voluntary  schools  in  Manchester,  we  have 
about  1,000  children  who  are  mentally  unsound  in  the  day-schools  at  one  time. 
Since  then  I  have  worked  in  a  similar  manner  through  all  the  voluntary  schools 
in  a  large  non-School  Board  area  with  similar  results.  Wherever  an  attempt 
has  been  made  to  obtain  correct  statistics,  these  Jigures  are  conlirmed.  To  con- 
clude. Prudence,  economy,  and  humanity  demand  that  we  shall  deal  with  this 
question  rationally.  It  is  possible  at  an  early  age  to  detect  the  unsound  brain  ; 
scientific  morality  demands  that  we  shall  take  care  that  our  weak-minded  children 
are  always  protected,  so  as  to  render  them  harmless  to  themselves  and  Society. 

I  shall  ask  you  to  dwell  on  these  facts : — 

Our  workhouses  and  lunatic  asylums  cannot  provide  for  our  derelict  population. 

Lunacy  and  imbecility  and  pauperism  are  largely  on  the  increase. 

Two  per  cent,  at  least  of  our  school-going  population  are  in  some  degree 
weak-minded — some  more,  some  less.  Feebleness  of  mind  is  hereditary,  with  an 
increasing  intensity. 

Almost  all  feeble-minded  persons  are  at  large  during  the  most  critical  period 
of  their  lives,  and  most  become  parents. 

It  would  be  easy  to  detain  such  persons  if  the  detention  were  commenced  in 
early  youth,  and  they  could  be  kept  happy,  harmless,  and  partially  self-supporting 
for  their  whole  lives.  They  would  then  be  no  danger  to  Society,  and  they  would 
be  far  smaller  expense  than  they  are. 

4.  Report  on  the  Economic  Effect  of  Legislation  regulating  Women's 
Labour. — See  Reports,  p.  399. 
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SECTION  C. —ENGINEERING. 

PRESIDENT  OF  THE  SECTION— Colonel  U.  K.  CROMPTON,  M.In-t,C,E. 


THUllXDAY,  SEPTEMBER,  12. 


The  President  delivered  the  following  Address:  — 


AT  this  the  first  meeting  of  the  British  Association  of  the  new  century  I  wish  to  lay 
before  you  some  of  the  interesting  problems  presented  by  recent  developments  in 
means  of  locomotion  on  land  which  demand  the  best  thoughts,  not  only  of  our 
engineers,  but  of  everyone  interested  in  the  improvement  in  means  of  travelling 
and  in  the  more  rapid  transit  of  goods. 

During  the  seventy  years  which  have  passed  since  the  introduction  of  railways 
in  almost  every  country  passenger  and  goods  traffic  has  developed  itself  to  such  an 
extent  that  almost  everyone  is  interested  in  these,  questions;  and  of  late  years  our 
attention  has  not  been  confined  to  railways  only,  but,  owing  to  the  invention  of  the 
cycle  and  motor-car,  has  also  been  directed  to  travel  on  our  road- ways,  which  during 
the  first  fifty  years  of  the  railway  era  had  somewhat  fallen  into  disuse.  I  am  not 
able,  being  limited  to  the  length  of  this  address,  to  deal  with  many  of  the  interest- 
ing questions  affecting  our  long-dis-tance  railways  other  than  by  referring  to  the 
probable  early  introduction  of  railways  of  a  new  type  intended  to  attain  a  speed  of 
320  miles  per  hour  and  worked  by  electrical  power.  The  railway  race  to  Scotland 
of  a  few  years  back  attracted  the  attention  of  the  managers  of  American  and 
Continental  railways  to  railway  speed  questions,  and  we  have  seen  during  the  last 
few  years  so  great  improvement  in  the  speed  of  the  trains  and  the  comfort  of  the 
passengers  in  these  countries  that  it  appears  that  England  has  already  been  beaten 
in  the  matter  of  extreme  railway  speed,  although  it  is  probable  that  our  railways 
still  provide  a  larger  number  of  rapid  trains  than  either  the  American, German, or 
French  do.  But  whether  it  be  in  England  or  in  the  countries  I  have  mentioned, 
it  appears  that  after  all  the  speed  limit  of  railways  of  the  present  system  of 
construction  is  reached  at  about  sixty-five  or  seventy  miles  per  hour.  Higher 
speed  on  level  runs  has  undoubtedly  been  recorded,  but  it  is  not  probable  that 
anything  greatly  in  excess  of  seventy  miles  per  hour  will  be  reached  until  our 
railway  managers  initiate  an  entirely  new  system  of  construction.  The  high-speed 
service  that  is  now  in  contemplation,  not  only  in  England  but  in  America  and 
Germany,  intends  to  attain  speeds  of  over  one  hundred  miles  per  hour  by  providing 
electrical  means  of  haulage  sufficient  to  propel  light  trains  consisting  of  one,  or,  at 
the  most,  a  few  cars ;  and  in  order  to  render  this  service  successful  to  run  these 
light  trains  at  short  intervals  of  time,  so  in  effecting  this  high  speed  the  railways 
will  give  a  service  which  more  nearly  resembles  the  tramway  service  than  our 
present  system  of  heavy  express  trains  at  infrequent  intervals.  This  high-speed 
service  o*f  light  trains  at  frequent  intervals  is  well  suited  to  electrical  haulage, 
as  it  works  generating  machinery  situated  at  fixed  pointa  to  the  best  advantage 
and  enables  the  best  return  to  bo  obtained  from  the  necessarily  heavy  capital  coat 
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of  copper  in  the  conductors  which  transmit  the  energy  along  the  length  of  the 
line,  as  it  is  evident  that  if  the  speed  be  sufficient  to  ensure  that  each  section 
of  the  line  only  carries  one  running  train,  the  costs  of  the  conductors  will  be  in 
proportion  to  the  weight  of  that  train. 

Great  advantages  have  already  been  made  in  adapting  electrical  traction  to 
long  lengths  of  railways.  The  work  already  done  by  Brown  Boveri,  of  Baden,  in 
Switzerland,  at  first  on  the  mountain  railways  and  afterwards  on  the  Burghdorf- 
Thun  full-gauge  line,  the  experimental  work  of  Ganz  &  Co.,  of  Buda-Pesth,  and 
of  Siemens  &  Halske  at  Charlottenburg,  have  already  shown  that  the  power 
problems  are  nearly  all  of  them  solved,  so  that  we  may  feel  confident  that 
electrical  engineers  will  very  shortly  surmount  any  power  difficulties  that  still 
remain.  But  this  high-speed  railways  problem  at  present  presents  certain  unknown 
factors  which  can  only  be  satisfactorily  determined  by  the  actual  testing  and 
working  the  lines  when  carrying  passengers.  I  refer  to  those  which  deal  with 
the  increased  oscillation,  vibration,  and  noise  to  be  expected  from  the  extreme 
speeds.  These  matters  must  be  met  so  as  to  give  sufficient  comfort  and  protection 
to  the  passengers,  for  if  passengers  are  rendered  uncomfortable  by  the  extreme 
speed  the  service  can  never  become  popular,  and  on  this  last  question  depends  the 
most  important  question  of  all,  viz.,  the  extent  to  which  the  travelling  public  are 
likely  to  make  use  of  a  high-speed  railway  service.  In  attempting  to  forecast  this 
matter,  although  we  meet  many  business  men  who  think  it  would  be  an  undoubted 
advantage  if  the  journeys  between  important  business  centres  occupied  half  the 
time  they  do  at  present,  in  the  United  Kingdom  there  are  only  a  few  journeys 
of  sufficient  length  to  make  saving  of  time  of  great  importance,  but  the  case  is  far 
different  in  America  and  on  the  Continent,  where  the  business  centres  are  much 
further  apart  than  they  are  here.  I,  as  an  English  engineer,  foresee  that  this 
topographical  question  will  cause  our  English  engineers  to  be  at  a  disadvantage 
os  compared  with  American  and  Continental  ones,  for  it  appears  likely  that  the 
number  and  mileage  of  high-speed  railways  is  likely  to  be  far  greater  in  America 
and  on  the  Continent*  than  in  the  United  Kingdom.  Before  I  entirely  leave  the 
subjectof  very  high-speed  rail  ways,  a  rather  curious  speculation  presents  itself  to  us: 
this  is  whether  the  need  for  rapid  communication  between  town  and  town  may  not 
eventually  be  supplied  by  high-speed  motor-cars  on  :  -..  ^  -;•  vi  C.\\  ;  :•,  ;».i  :••••.!  for  them. 
Mr  .Wells  in  his  interesting  forecast  in  the '  F*  •  :-t  n  i  .;•,',  I  v  Review  .seems  to  think  that 
the  time  is  not  far  distant  when  all  passenger  traffic  will  be  carried  on  special  roads  on 
motor-cars.  That  the  advantages  of  carrying  your  family  arid  loading  up  your  belong- 
ings at  your  own  door,  in  your  own  or  a  hired  car,  and  transporting  them  without 
any  change  or  handling  of  your  baggage  ri<?ht  up  to  the  point  where  your  journey 
ends,  will  be  so  great  that  even  for  comparative  long  journeys  travellers  will 
prefer  it  to  the  railway,  and  that  our  railways  will  eventually  be  relegated  to  carrying 
minerals  and  heavy  goods.  But,  without  going  so  far  as  Mr.  Wells,  it  does  seem 
probable  that  it'  only  a  few  passengers  require  to  travel  between  two  business 
centres  such  as  Manchester  and  Liverpool,  and  to  occupy  only  half  the  time  from 
door  to  door  at  present  taken  by  the  railway  and  the  two  terminal  cab  rides,  it 
might  be  better  to  provide  one  of  Mr.  Wells'  improved  roads  on  which  private 
owners  could  run  their  own  cars,  paying  toll  for  the  road,  and  on  which  a  public 
service  of  cars  would  provide  for  those  who  did  not  own  cars  themselves. 

.  I  now  propose  to  deal  at  somewhat  greater  length  with  what  I  think  is  a  most 
important  problem  in  locomotion,  viz,,  that  caused  by  the  congestion  of  street 
traffic  in  our  towns  and  by  the  undoubted  difficulties  which  exist  in  carrying  our 
workers  to  and  from  their  homes  in  the  country  to  their  places  of  employment  in- 
cur towns.  A  large  proportion  of  the  workers  who  during  the  latter  half  of  the- 
last  century  lived  and  worked  in  the  country  are  now  working  in  towns,  although' 
some  of  them  still  live  outside  in  order  to  obtain  the  advantages  of  lower  rents 
and  of  a  healthier  life  for  their  families,  and  this  last  class  is  likely  to  largely 
increase.  Those  who  have  been  responsible  fur  the  enlarging  and  improvements' 
of  our  towns  have  done  so  much  to  make  town  life  preferable  to  country  life  that 
the  country  is  gradually  being  depopulated.  The  results  we  see  in  the  increasing 
difficulties  which  the  town  authorities  find  in  dealing  with  the  water  and  sewerage 
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questions,  and  in  the  increasing  mass  of  vehicular  street  traffic,  which  makes  some 
of  our  cities  veritable  pandemoniums.  Luckily  it  seems  that  we  are  likely 
through  the  skill  and  energy  of  our  engineers  to  meet  these  difficulties  in  more 
than  one  way.  The  cycle,  which  commenced  as  an  amusement  and  went  on  as  a 
fashionable  craze,  has  now  settled  down  into  being  the  poor  man's  horse.  The 
number  of  our  working  population  that  use  the  cycle  for  going  to  and  from  their 
work  is  already  very  large  and  is  steadily  increasing,  and  their  use  of  the  roads 
must  be  considered.  Then  came  the  motor-car,  developed  in  France  to  such  an 
amazing  extent,  and  which  seems  now  likely  to  be  developed  to  an  equal  extent  in 
this  country.  After  many  years  of  objecting  to  the  use  of  the  overhead  trolley 
system,  our  town  authorities  seem  now  to  have  determined  that  the  only  way  of 
relieving  street  traffic  is  by  an  enormous  development  of  electrical  tramways,  and 
on  all  sides  we  find  the  large  towns  rivalling  one  another  in  the  extent  of  the 
tramway  systems  which  they  have  either  acquired  or  are  laying  down  for  them- 
selves. It  seems  opportune  now  to  point  out  that  a  great  deal  of  mischief  may 
accrue  by  this  indiscriminate  use  of  tramways,  and  for  those  who  are  considering 
these  matters  1  bring  forward  a  few  facts  which  are  worthy  of  notice.  Of  course, 
in  new  countries,  or  in  new  towns  in  old  countries,  where  the  roads  are  rough  and 
bad,  anything  in  the  nature  of  a  tramway  using  rails  is  an  improvement  on  a  road- 
way ;  but  when  we  are  dealing  with  cities  which  already  possess  well  laid  out  and 
well  paved  streets  on  which  all  kinds  of  wheel  traffic  can  be  carried  on  with  a 
minimum  of  rolling  resistance,  it  seems  wrong  from  an  engineering  point  of  view 
to  break  up  the  surface  of  these  streets  for  the  purpose  of  laying  tramways,  and  for 
the  following  important  reasons :  Traffic  carried  on  a  roadway  by  vehicles,  whether 
horse-drawn  or  by  cycle  or  motor-car,  differs  from  traffic  carried  on  rails  chiefly  in 
that  the  former  vehicles  possess  an  important  power,  viz.,  that  of  overtaking,  which 
is  not  possessed  by  the  latter,  that  is  to  say  that  vehicles  on  the  plain  road  surface 
can  overtake  a  .stopping  or  a  slower  vehicle  going  iu  the  same  direction  without 
interfering  with  other  vehicles,  whereas  on  rails  the  vehicles  going  one  way  must 
always  remain  in  the  same  relation  to  one  another,  so  that  the  speed  of  vehicles 
on  rails  must  always  be  regulated  by  that  of  other  vehicles  going  in  the  same 
direction.  Street  tramways,  for  instance,  must  stop  to  set  down  and  take  up 
passengers:  this  limits  the  speed  average  and  the  number  of  vehicles  per  mile  of 
track,  for  if  there  be  not  sufficient  intervals  between  the  vehicles  they  would  have 
to  stop  and  start  nearly  simultaneously .  Thus  the  carrying  capacity  of  the  best 
modern  electrical  tramway  is  limited  by  this  want  of  overtaking  power.  I  have 
made  careful  inquiry  from  tlu>e  who  have  great  experience  in  tramways  not  only 
in  this  country  but  in  America  and  on  the  Continent,  and  I  find  that  it  Is  generally 
admitted  that  the  maximum  carrying  capacity  of  an  electrical  tramway  iu  one 
direction  is  4,000  passengers  per  hour  carried  past  any  given  point.  1  find 
that  a  full-gauge  suburban  or  metropolitan  railway  crowded  to  itb  fullest  extent 
cannot  carry  more  than  12,000  passengers  per  hour.  Now  most  of  us  have  often 
seen  large;  crowds  taken  away  from  a  point  of  attraction  by  omnibuses  and  horse- 
drawn  vehicles,  and  have  noticed  that  the  crowded  omnibuses  almost  touch  one 
another  and  yet  can  go  at  a  fair  rate  of  speed.  In  this  case  at  eight  miles  per 
hour  speed  14,000  passengers  can  be  carried  from  a  given  point  per  hour. 

Up  to  the  present  a  public  motor-car  service  has  not  yet  been  installed  of  any 
magnitude  to  enable  us  to  compare  the  carrying  capacity  of  motor-cars  with  that 
of  horse-drawn  omnibuses,  but  owiug  to  the  reduced  length  of  motor-cars  com- 
pared with  that  of  omnibuses,  and  on  account  of  their  greater  speed  and  greater 
control,  motor-cars  can  now  be  built  to  deal  with  great  crowds  at  an  even  higher 
rate  per  hour  than  that  noted  above.  It  appears  certain,  therefore,  that  although 
the  provision  of  electrical  tramways  is  undoubtedly  an  economical  means  of  carry- 
ing passengers,  yet  that  these  tramways  cannot  be  laid  in  existing  thoroughfares 
without  considerably  reducing  the  total  road  carrying  capacity  at  times  of  heavy 
pressure  of  traffic,  and  as  it  appears  likely  that  either  for  the  daily  transport  of  the 
workers  to  and  from  their  homes  to  places  of  employment,  or  for  taking  great 
crowds  out  into  the  country  for  pleasure  purposes,  a  motor-car  service  carried  out 
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on  well-iunde  roads  will  compete  favourably  with,  and  in  many  ways  may  be  prefer- 
able to,  tramway  service. 

It  must  be  remembered  tbat  tbe  laying1  of  tram  rails  not  only  blocks  ordinary 
traffic,  but  in  our  most  crowded  streets  it  introduces  dangers  to  all  wheeled  vehicles 
not  on  rails,  motor-cars,  and  cyclists  by  tho  skidding  of  the  wheels  when  they  cross 
tbe  line  of  rails,  and  these  dangers  are  daily  causing,  and  are  still  likely  to  cause, 
very  serious  accidents. 

The  increased  road  and  street  traffic  and  the  development  of  new  means  of 
road  locomotion  have  made  imperative  some  modification  <  f  our  existing-  system  of 
roadway  administration.  Cycles,  motor-cars,  electrical  tramcars,  buve  been  in- 
vented and  put  on  roads  which  are  maintained  and  worked  exactly  as  they  were 
seventy  years  ago  at  the  commencement  of  the  railway  era,  when  the  population 
of  the  United  Kingdom  was  half  its  present  figure,  and  that  of  the  large  towns 
one-tenth  of  the  present  figure.  During  the  150  years  previous  to  the  railway  era 
tbe  ancient  tracks  were  gradually  improved  into  tolerably  efficient  roads  for  coach 
and  wagon  traffic,  but  after  the  introduction  of  railways  there  was  a  complete 
cessation  of  improvement,  as  for  fifty  years  after  the  railways  started  the  old 
roads  were  equal  to  the  farmers'  and  local  traffic  which  the  railways  left  for  them  ; 
but  for  the  last  twenty  years  the  roads  near  to  the  great  towns  have  been  inadequate, 
and  now  tbat  the  cyclist  and  motor-carist  travel  over  the  whole  of  the  roads  of  the 
country  the  neglect  of  our  ancient  roadway  system  is  very  apparent. 

Although  the  urban  populations  have  so  greatly  increased,  the  old  coaching 
roads  are  still  the  only  ones  that  exist ;  no  main  roads  parallel  to  the  old  ones  or 
alternative  to  them  have  ever  been  made.  Towns  which  are  now  joined  by  rail- 
ways grew  out  of  small  rows  of  houses  built  facing  the  main  road ;  in  fact  in 
many  cases  the  road  made  the  town.  During  the  early  part  of  the  railway  era, 
when  the  roads  were  so  little  used  from  coaching  falling  into  disu&e,  encroach- 
ments on  the  roadway  took  place  in  and  near  the  towns,  such  roads  being  now 
actually  narrower  and  less  suitable  for  traffic  than  in  the  coaching  days :  so  that 
these  towns  which  owe  their  existence  to  these  roadways  now  put  every  impediment 
and  hindrance  to  their  use  by  the  travelling  public.  What  is  needed  is  that  towns 
situated  on  our  main  through  roads  should  provide  alternative  routes,  so  that 
through  travellers  could,  if  they  desired,  avoid  the  crowded  streets  of  the  town. 
One  method  of  providing  such  relief  roads  would  be  by  by-laws  providing  that  all 
building  estates  should  set  aside  land  for  main  roads.  The  building  estates  which 
are  developed  around  our  great  towns  never  provide  a  road  which  can  be  used  as  a 
main  line  of  thoroughfare,  although  by  their  very  act  of  building  additional  bouses 
they  cause  additional  congestion  to  the  main  roads.  They  lay  out  their  roads  to 
obtain  quiet  for  those  who  live  on  the  estate,  and  take  every  possible  means  to 
prevent  their  estate  roads  from  taking  a  share  of  the  main  thoroughfare  traffic. 

Parliament  must  take  in  band  an  improved  administration  of  our  high- 
ways by  a  comprehensive  scheme.  Far  too  many  ancient  main  lines  of  thorough- 
fare, already  too  narrow  for  the  traffic  which  is  on  them,  aro  being  blocked 
by  having  tramways  laid  on  them;  these  cause  the  development  of  building 
estates,  which  throw  additional  traffic  on  to  these  thoroughfares.  Apart  from  the 
roads  themselves,  tbe  complicated  conditions  of  street  and  road  traffic  demand 
careful  regulation.  Street  traffic  should  be  carried  as  far  as  possible  by  lines  of 
vehicles  driven  as  nearly  parallel  to  one  another  as  possible.  The  rule  of  tbe 
road,  as  it  is  called,  and  which  is  embodied  in  an  Act  of  Parliament,  6  and  6  of 
"William  IV.,  which  is  commonly  called  the  Highways  Act,  says  that  every 
vehicle  is  to  keep  as  close  as  possible  to  the  left,  or  near  side  of  the  road,  except 
when  overtaking  another  vehicle  going  in  the  same  direction,  and  then  it  is  to 
keep  to  tbe  off  side  of  the  overtaken  vehicle  as  closely  as  possible.  As  a  matter 
of  fact,  everybody  knows  that  this  rule  is  habitually  neglected  by  drivers  who, 
whenever  they  get  a  chance,  drive  down  the  centre  "of  the  road,  so  that  others 
who  overtake  them  dare  not  do  so  on  the  wrong  or  near  side,  but  must  pass  out 
far  to  tbe  off  side  of  the  road,  and  consequently  interfere  with  the  traffic  coming 
in  the  opposite  direction.  This  neglect  of  the  rule  of  the  road  causes  a  great 
waste  of  space  immediately  behind  every  vehicle,  and  is  one  of  tho  chief  causes 
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of  tht)  limited  carrying  capacity  of  the  streets  in  cities  where  the  police  do  not 
attend  to  this  important  matter.  It  can  be  remedied  by  the  existing1  police 
regulations  being  adhered  to  and  insisted  on  by  fixed-point  constables,  or  by 
constables  moving  about  on  motor-cars  or  bicycles!  Slow  moving  and  frequently 
stopping  vehicles  are  another  cause  of  congested  traffic.  A  great  deal  might  be 
lone  by  arranging  that  during  certain  hours  much  of  the  slower  moving  traffic  is 
taunted  into  alternative  routes,  so  as  to  be  kept  by  itself.  An  increase  in  the  speed 
>f  the  street  traffic  is  desirable ;  for  the  faster  the  vehicles  travel  the  less  the 
itreet  is  occupied  by  them.  Motor-cars  can  safely  travel  at  sixteen  miles  an  hour, 
and,  therefore,  need  only  take  half  the  time  and  occupy  only  half  the  street 
surface  that  an  omnibus  does  when  travelling  at  eight  miles  per  hour.  Such  high 
speeds  as  these,  which  are  desirable  and  perfectly  safe  for  motor-cars,  cannot, 
however,  be  obtained  unless  some  regulations  are  made  as  to  the  use  of  the 
roadways  by  foot  passengers.  There  is  no  rule  of  the  road  for  foot  passengers — 
they  pass  one  another  on  the  footpath,  or  vehicles  in  the  roadway,  just  as  they 
please.  No  driver  of  a  vehicle  in  the  road  who  sees  a  foot  passenger  stepping  into 
the  roadway  can  ever  tell  with  certainty  what  his  movements  will  be.  It  will  be 
no  hardship  to  foot  passengers  to  insist  on  their  movements  being  regulated. 

Much  has  been  recently  said  and  written  on  the  subject  of  motor-cars  and 
motor-wagons.  It  is  generally  admitted  that  there  will  be  considerable  scope  for 
engineering  skill  and  capital  in  their  improvement  and  construction.  It  is  by  no 
means  an  easy  problem  to  put  into  the  hands  of  the  public  such  a  complicated 
piece  of  mechanism  as  a  self-propelled  carriage  which  has  in  most  cases  to  be 
managed  and  driven  by  men  who  have  had  no  special  mechanical  training.  Motor- 
cars to  be  universally  successful  must  be  made  so  as  to  reduce  to  a  minimum  the 
liability  to  break  down :  repairs  must  be  limited  to  the  replacement  of  worn  or 
damaged  parts  by  other  parts,  which  must  be  supplied  by  the  manufacturers  so 
that  they  can  be  readily  put  in  by  the  unskilled  users.  That  this  can  be  done  is 
shown  by  the  success  and  universal  use  of  typewriters,  sewing  machines,  and 
bicycles:  all  of  these  are  really  complicated  pieces  of  mechanism,  but  which  are 
now  in  such  general  use  and  in  everyone's  hands.  In  these  cases,  however,  the 
organised  manufacture  of  machines  with  thoroughly  interchangeable  parts,  or  com- 
ponents as  it  is  the  fashion  to  call  them,  has  only  been  developed  after  the  type  of 
machine  had  settled  down,  and  this  up  to  the  present  cannot  be  said  of  the  motor- 
car or  motor-wagon,  dp  to  the  present  the  development  of  these  cars  has  gone 
on  on  several  lines.  The  development  in  France,  which  so  far  has  led  the  world, 
has  been  principally  in  the  direction  of  the  use  of  light  motors  driven  by  petrol 
spirit.  Again  to  France  we  owe  the  iia.sh  boiler  of  Serpollet,  which  assists  the  use 
of  steam  engines  for  this  purpose. 

At  first  sight  steam,  with  the  complications  of  boiler,  engine,  and  condenser, 
does  not.  appear  likely  to  compete  favourably  with  the  simpler  spirit  motor,  but  for 
heavier  vehicles,  where  steady  heavy  pulling  power  is  of  importance,  up  to  the 
present  no  internal  combustion  motor  has  competed  with  it.  The  Americans, 
with  their  usual  skill  and  power  of  rapidly  organising  a  new  manufacture,  have 
already  turned  out  a  very  large  number  of  steam-driven  motor-cars,  which  are  so 
largely  in  uso  in  unskilled  hands  that  it  shows  that  they  hare  already  solved  the 
problem  to  some  extent. 

The  directions  in  which  the  two  classes  of  motors  require  further  development 
are,  for  the  internal  combustion  motors,  the  satisfactory  and  inodorous  use  of  the 
heavier  oils,  and  in  this  perhaps  Heir  Diesel  may  help  us  with  his  wonderfully 
economical  motor  improvements  in  the  clutch  mechanism,  for  with  all  in- 
ternal combustion  engines  up  to  the  present  it  has  been  found  impossible  to  start 
the  motor  when  coupled  to  the  driving-wheels  of  the  car ;  and  in  the  case  of  the 
steam  motor  the  simplification  of  the  boiler,  the  boiler  feed  mechanism,  the  inodorous 
and  noiseless  burning  of  heavy  oils  as  fuel,  improved  condensers,  methods  of 
lubricating  the  pistons  and  valves  so  as  to  avoid  oil  passing  back  to  the  boiler 
with  the  condensed  water,  and  the  rendering  of  all  processes  of  boiler  feed  and  fuel 
feed  mechanism  completely  automatic  so  as  not  to  require  the  attention  of  tho 
driver.  On  points  common  to  both  classes,  although  much  1ms  been  done,  further 
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improvement  is  required  in  the  methods  of  transmitting  the  power  from  the  moto* 
to  the  driving-wheels.  In  the  case  of  the  steam  cars,  where  this  has  "been  done 
by  single  reduction,  using  chain,  pinion,  and  sprockets,  very  efficient  and  noiseless 
transmission  has  already  been  obtained,  but  up  to  the  present  in  most  of  the  internal 
combustion  engines  where  more  than  two  cylinders  have  to  he  employed,  it  has 
been  found  necessary  to  arrange  the  crank  shaft  of  the  motor  at  right  angles  to  the 
axle  of  the  driving-wheels,  so  that  part  of  the  transmission  having  to  be  through 
bevel  gear,  this  part  has  up  to  the  present  always  been  noisy.  In  the  providing 
of  noiseless  and  efficient  chain  driving,  the  manufacturer  of  cars  has  gained 
greatly  by  the  high  degree  of  perfection  to  which  these  chains  had  already  attained 
for  bicycle  work. 

The  recent  great  road  races  which  have  taken  place  in  France  and  elsewhere 
have  shown  that  the  motor-car  can  be  driven  safely  at  a  very  high  speed,  already 
reaching  in  some  cases  seventy  miles  an  hour ;  but  to  render  this  capacity  for  high 
speed  useful,  not  only  must  special  roads  be  provided  on  which  these  high-speed 
cars  can  travel  without  danger  to  others  and  with  least  slip  and  wear  and  tear  of 
tyres,  but  a  great  deal  requires  to  be  done  in  the  improvement  of  the  pneumatic 
tyres,  which  at  present  get  excessively  hot,  and  therefore  damaged  by  these  high- 
speed runs.  At  these  high  speeds  the  mechanical  work  done  on  the  material  of 
which  the  outer  covers  of  pneumatic  tyres  are  composed  is  excessively  high.  It 
can  probably  be  reduced  by  increasing  the  diameter  of  the  wheels,  but,  of  course, 
at  the  cost  of  increased  weight  and,  to  some  extent,  of  stability,  for  the  faide  strains 
on  the  wheels  of  these  cars  when  swinging  round  curves  of  sharp  radius  are  very  great. 

Another  direction  in  which  mechanical  invention  is  required  for  the  wheels 
of  motor  cars  and  wagons  is  a  shoeing  or  protection  of  hard  material  of  easily 
renewable  character  which  can  be  firmly  and  safely  attached  to  the  outside  of  the 
tyre  covers  to  take  the  wear  and  cutting  action  caused  by  the  driving  strain  and 
by  the  action  of  the  breaks  on  sudden  stops. 

The  late  R.  \V.  Thomson,  of  Edinburgh,  made  good  progress  some  thirty  years 
ago  in  providing  steel;  shoeing  for  the  solid  rubber  tyres  he  then  used,  and  the 
problems  of  providing  the  same  for  pneumatic  tyres  ought  to  be  no  harder  than 
those  he  then  successfully  encountered. 

One  of  the  topics  which  has  been  most  strongly  discussed  during  the  lant  year 
has  been  the  position  which  this  country  holds  relatively  to  other  countries  as 
regards  its  commercial  Mipromucy  in  engineering-  matter?.  A  few  years  back  we 
were  undoubtedly  ahead  of  the  world  in  most  branches  of  mechanical  engineering, 
but  owing  to  the  huge  development  of  mechanical  engineering  in  America  and 
Germany,  we  are  certainly  being  run  very  hard  by  these  countries,  and  even-one 
is  looking  for  means  to  help  us  to  regain  our  old  position.  In  endeavouring 
to  learn  from  America  we  se<>  that,  although  the  workmen  in  that  country 
receive  higher  wages  than  they  do  here,  and  although  the  cost  of  some  of  the 
materials  is  higher  than  it  is  here,  their  manufacturers  manage  to  deliver  engines, 
tools,  and  machinery  of  all  classes  of  excellent  quality  at  a  price  which  appears  to 
our  manufacturers  to  be  marvellously  low.  When  we  look  into  the  matter  we  find 
that  the  chief  difference  between  the  manufacturer  of  America  And  the  manu- 
facturer at  home  is  that,  whether  it  be  steam-engines,  tools,  agricultural  machinery, 
or  electrical  machinery,  the  American  invariably  manufactures  goods  in  large 
quantities  to  standard  patterns,  whereas  we  rarely  do  so  here,  at  any  rate  to  the 
same  extent.  Where  we  turn  out  articles  by  the  dozen  the  American  turns  them 
out  by  the  hundred.  This  difference  in  the  extent  to  which  an  article  is  reduplicated 
is  caused  by  the  Americans  having  realised  to  a  far  greater  extent  than  we  have 
the  advantage  of  standardisation  of  types  of  machinery.  They  have  felt  this  so 
.strongly  that  we  find  in  America  that  work  is  far  more  specialised  than  it  is  here, 
so  that  a  manufacturer  as  a  rule  provides  himself  with  a  complete  outfit  of  machi- 
nery to  turn  out  large  numbers  of  one  article.  He  lavishes  bin  expenditure  on 
special  machinery  to  produce  every  part  sufficiently  accurate  to  dimension  to  secure 
thorough  interchangeability  ;  consequently  the  cost  of  erecting  or  assembling  the 
parts  is  far  less  than  it  is  here.  One  reason  why  the  American  manufacturer  has 
been  able  to  impose  on  his  purchasing  public  hi*  own  standard  types,  whereas  we 
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have  not  been  able  to  do  so,  is  that  very  rarely  in  America  does  a  consulting 
engineer  come  between  the  manufacturer  and  the  user,  whereas  here  it  is  the 
faahion  for  the  majority  of  purchasers  of  machinery  to  engage  a  consulting 
engineer  to  specify  and  inspect  any  machinery  of  importance.  By  this  I  do  not 
impute  any  blame  to  our  consulting  engineer ;  he  considers  the  requirements  of 
his  client,  and  insists  that  they  aro  to  be  adhered  to  as  closely  as  possible ;  to  him 
the  facility  of  the  production  of  articles  in  large  quantities  is  of  no  moment.  In 
America  it  seems  to  be  understood  by  the  purchaser  that  it  is  a  distinct  advantage 
to  everyone  concerned,  Loth  manufacturer  and  purchaser,  that  the  purchaser 
should  to  some  extent  give  way  and  modify  his  requirements  so  as  to  conform 
with  the  standard  patterns  turned  out  by  the  manufacturer.  Although  manu- 
facturers all  hope  for  this  simplification  oi'  patterns,  yet,  for  the  reasons  I  have 
given,  it  will  be  some  time  before  their  hope  is  realised.  But  on  other  matters  it 
is  quite  possible  for  manufacturers  to  combine,  so  as  to  obtain  some  standardisa- 
tion of  parts  which  they  manufacture  which  will  reduce  costs  aiid  be  of  advantage 
to  everyone  concerned.  Many  years  ago  Sir  Joseph  Whitworth  impressed  on  the 
world  the  importune"  in  iiwehiir.icnl  Piviii'-'-rir..;  of  extreme  accuracy,  and  of  secur- 
ing the  accurate  n:  imd  ii-.tervhaiiireiibi!!!  y  -if  parts  by  standard  gauges.  But  in  spite 
of  his  idea  being  so  widely  known  and  taught,  how  seldom  it  has  been  acted  upon 
to  the  extent  that  it  should  be.  We  pride  ourselves  on  having  all  our  screws  made 
of  Whitworth  standard,  and  yet  how  many  of  the  standard  bolts  and  nuts 
made  by  different  makers  fit  one  another  r*  I  myself  have  sat  on  a  committee 
of  this  Association  which  was  called  together  twenty  years  ago,  with  Sir  Joseph 
Whitworth  as  a  member  of  it,  to  iix  on  a  screw  gauge  which  would  be  a  satisfactory 
continuation  of  the  Whitworth  screw  gauge  down  to  the  smallest  size  of  screw 
used  by  watchmakers.1  It  has  taken  all  these  years  to  carry  out  the  logical  outcome 
of  Sir  Joseph  Whitworth's  original  idea,  viz.,  the  providing  of  standards  to  be 
deposited  in  care  of  a  public  authority  to  act  as  standard  gauges  of  references. 
The  complete  interchangeability  of  parts  which  I  have  above  referred  to,  and 
which  is  so  desirable  in  modern  machinery,  can,  of  course,  be  obtained  within  the 
limits  of  one  works  by  that  works  providing  and  maintaining  its  own  standards  to 
a  sufficient  degree  of  accuracy.  But  if  the  articles  be  such  as  watches  or  bicycles, 
motor-cars,  &c.,  it  is  very  desirable  that  all  parts  liable  to  require  replace- 
ment should  be  made  by  all  manufacturers  to  one  standard  of  size,  and  in 
order  that  the  gauges  required  for  thi.s  purpose  should  all  be  exact  copies 
of  one  another  it  is  necessary  that  they  should  be  referable  to  gauges 
deposited  either  with  the  Board  of  Trade  or  with  some  body  specially  iitted  to 
verify  them  and  maintain  their  accuracy. 

Up  to  the  present  the  Hoard  of  Trade  has  dealt  with  the  simple  standards 
of  weight,  capacity,  and  length,  but  in  other  countries  National  Standardising 
Laboratories  have  been  provided,  viz.,  by  the  Germans  at  their  Reichsanstalt 
nt  Charlottenburg,  and  with  the  happiest  results;  here  at  last,  through  the 
exertion  of  the  Council  of  the  Royal  Society,  our  Government  has  been  moved  to 
give  a  grant  in  aid  and  to  co-operate  with  the  Royal  Society  to  establish  a  National 
Physical  laboratory  for  this  country.  About  ten  years  ago  Dr.  Oliver  Lodge  gave 
the  outlines  of  a  scheme  of  work  for  such  au  institution.  Later  Sir  Douglas 
G  niton,  in  his  Presidential  Address  to  this  Association,  called  attention  to  the 
good  work  done  by  the  Germans  and  the  crying  need  that  existed  for  such  an 
institution  in  this  country.  The.  matter  has  since  progressed.  A  laboratory  is 
already  in  existence,  and  will  j-oon  be  at  work,  nt  Bushy  House,  Teddington :  it 
is  a  large  residence,  which  was  once  occupied  by  the  late  Duke  of  Clarence  and 
afterwardft  by  the  Due  de  Nemours.  It  will  make  an  admirable  laboratory,  as  it 
hna  large  and  lofty  rooms  and  a  vaulted  basement  in  which  work  can  be  carried  on 
where  it  is  important  to  secure  the  observer  against  changes  of  temperature. 

The  aims  of  a  National  Physical  Laboratory  have  been  well  put  forward  by 
Dr.  Glazebrook  in  a  recent  lecture  at  the  Royal  Institution,  in  which  he  points  out 
how  little  science  has  up  to  the  present  coineto  be  regarded  as  a  commercial  factor 

1  A  report  of  this  Committee  will  come  before  you  during  this  meeting. 
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in  our  commercial  world.  The  position  of  manufacturers  of  all  classes  must  be 
helped  and  improved  by  a  well-considered  series  of  investigations  on  the  properties 
of  materials,  measurements  of  forces,  and  by  the  careful  standardisation  of  and 
.L-I-I i ill i n ir  certificates  to  measuring  apparatus  of  all  classes.  Until  the  question  is 
I'iirh  flu-ed  and  studied,  few  manufacturers  realise  how  helpless  individual  effort 
or  individual  investigations  must  be  when  compared  with  comprehensive  and  con- 
tinuous investigations  which  can  be  carried  on  by  a  National  Laboratory  so  as  to 
deal  with  the  whole  of  each  subject  completely  and  exhaustively,  instead  of  each 
investigation  being  limited  by  the  temporary  need  of  each  manufacturer  or  user. 

As  an  example  Dr.  Glazebrook  showed  how  much  has  been  done  at  Jena  and 
afterwards  at  the  lieichsanatalt  in  the  development  of  the  manufacture  of  glass  used 
in  all  classes  of  scientific  apparatus.  The  German  glass  trade  has  benefited 
enormously  from  these  investigations.  The  microscopic  examination  of  metals, 
which  was  begun  by  Sorby  in  18G4,  has  been  much  worked  at  by  individual  investi- 
gators in  this  country,  but  its  further  development,  which  is  probably  of  enormous 
importance  to  arts  and  manufactures,  is  clearly  the  duty  of  a  National  Laboratory. 
We  owe  much  to  the  investigations  of  the  Alloys  Research  Committee  of  the 
Institution  of  Mechanical  Engineers ;  but,  again,  this  is  work  for  the  National 
Laboratory.  As  regards  the  measurement  of  physical  forces  how  little  is  accu- 
rately known  of  the  laws  governing  air  resistance  and  wind-pressures,  and  the 
means  of  measuring  them.  Who  can  formulate  with  any  certainty  a  law  for  the 
air  resistances  likely  to  be  met  with  at  speeds  in  excess  of  eighty  miles  an  hour, 
the  importance  of  which  1  have  already  noticed  ? 

I  have  already  alluded  to  the  verification,  care,  and  maintenance  of  ordinary 
standard  gauges  of  accuracy.  In  thi^  electrical  age  the  accuracy  of  electric  standards 
is  of  supreme  importance.  * 

These  are  only  a  few  of  the  directions  in  which  we  can  foresee  that  the  establish- 
merit  of  a  National  Physical  Laboratory  will  be  of  the  greatest  use  and  assistance 
to  our  country  in  enabling  it  to  hold  its  own  in  scientific  and  engineering 
matters  with  its  energetic  rivals.  The  work  has  been  commenced  on  a  small  scale, 
but  it  is  to  be  hoped  that  its  usefulness  will  become  at  once  so  e\  ident  and  appre- 
ciated that  it  will  soon  be  developed  so  as  to  be  worthy  of  our  country. 


The  following  1'apeis  were  read : — 

1,  Tfyc  Mcc/tanicftJ  Exhibits  iti  tin*  1/lasgow  Kshibit 
tty  I).  H.  MOHTOX. 

2.  Long  continuous  burning  Petroleum,  Lamp*  for  Jfuoys  and  Jlcaconn. 
By  JOHN  R.  WIGIIAM. 

3.  New  Scintillating  Lighthouse  LiyhL     7^Jontf  li.  WlwilAM. 

4,  A  jfro'.-'/Vn//  Manometer  for  Itiyh-pressure  Explosions. 
By  J.  E.  PRTAVKL, 

In  this  instrument  the  sin-ing  of  the  ordinary  indicator  is  replaced  by  a  metal 
cylinder.  The  travel  of  the  piston  is  therefore  limited  to  the  amount  allowed  by 
the  elastic  compression  of  the  metal  (about  one  thousandth  of  an  inch  in  the  cnw 
of  the  present  records). 

The  diagrams  exhibited  are  typical  of  the  results  obtained:  they  both  rt'fer 
to  a  mixture  of  air  and  gas  in  the  ratio  of  6*4  to  1  fired  at  an  initial  pressure  of 
about  1,190  Ib.  per  sq.  inch.  In  the  second  figure  the  speed  of  the  chronograph 
has  been  greatly  reduced  so  a»  to  obtain  a  clear  record  of  the  rate  of  cooling. 
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Fill  DAY,  SEPTEMREIl    13. 

Tin1  following  Report  and  Papers  were  read :  — 

1.  Report  on  the  Resistance  of  Road  Vehicles  to  Traction. 
Bee  Reports,  p.  40:2. 


2.  Railway  Rolling  Mfock,  Prenenf,  and  Future. 
By  NORMAN  D.  MACDONALD,  Advocate. 

In  this  paper  the  discussion  is  confined  to  rolling  stock  as  used,  and  as  likely 
to  be  used,  in  Great  Britain,  only  touching  upon  the  progress  in  other  countries 
so  far  as  it  can  be  used  to  illustrate  or  provide  hints  for  our  future.  Nor  does 
it  dwell  on  the  present  state  of  the  art  except  go  far  as  to  show  the  future 
tendency.  An  attempt  is  made  to  raise  points  for  thought  and  discussion  rather 
than  to  give  a  lecture  on  the  subject  or  to  lay  down  laws  and  principles. 

First,  locomotives  are  treated  on,  and  these  under  the  various  heads  of 
shunting,  mineral,  goods,  suburban,  and  express.  Suggestions  are  made  as  to  the 
best  types  for  each  in  future,  and  the  class  of  demands  they  will  have  to  answer  to. 
The  question  of  compound  versu*  simple  is  looked  at,  and  also  the  matters  of  steam 
pressures,  types  of  boilers,  compensating  levers  (with  special  reference  to  the 
method  in  use  on  the  New  York  Central  and  Hudson  Hiver  Railroad  for  throwing 
extra  weight  on  the  drivers),  water  tubes,  arrangements  of  lire-boxes,  and  all  the 
details  necessary  to  produce  an  efficient  and  powerful  machine  on  our  confined 
gauge.  The  various  points  observed  at  the  Paris  Exhibition  for  getting  more 
power  are  touched  upon.  Also  the  modifications  of  designs  necessary  to  obtaining 
a  clear  view  ahead  when  a  huge  boiler  is  used.  Reference  is  made  to  the  use  of 
auxiliary  electric  locomotives  on  grades.  The  various  types,  '  four-coupled/  '  ten- 
wheeled"/  and  '  Atlantic'  for  express  locomotives  are  discussed.  But  in  the  whole 
paper  no  attempt  is  made  to  be  tochnirnl  or  to  descend  to  mere  details.  Loco- 
motive tendeis  are  briefly  touched  on  with  reference  to  track-tanks  and  their  uses. 

Next,  passenger  coaches  are  dealt  with,  including  all  questions  of  couplers, 
brakes,  heating,  and  ventilation.  The  various  types  of  trains  and  coaches — suburban, 
ordinary  local,  and  express  ;  sleeping  cars  (first  and  third),  dining  cars,  buflet  cars, 
kitchen  cars,  and  a  new  type  for  suburban  trains,  with  references  to  I'nited  States, 
Russian,  and  Continental  practice  and  progress  are  fully  discussed.  The  roming 
competition  of  electric  trams  and  motor-cars  for  suburban  traffic  compels  the  con- 
sideration of  new  types  of  rolling  stock  for  competitive  purposes.  High-speed 
brakes  for  special  stock  are  touched  on. 

Lastly,  goods  and  mineral  waggons  claim  attention,  and  in  regard  to  these, 
economical  transport  in  larger  units,  couplers,  continuous  brakes,  and  all  the 
various  questions  of  quick  handling  and  quick  transport  are  looked  at.  A  cross 
between  United  States  and  British  practice  is  advocated,  and  the  examples  of  such 
from  the  colonies  are  adduced  in  illustration. 


Th<>  l*fin<im<i  CannL     By  P.  HITNAII  VANILLA. 


4.  OH  tt  Lenf-<irrwfor,  or  Apparatus  for  renwrtny  Leaves,  <fr.,t//v>/H  a 
Water  Supply*     By  THE  KARL  OF  ROSSK. 

Having  recently  erected  a  turbine  of  16  h.p.,  with  8-foot  fall,  for  working  an 
electric  light  installation  nt  Birr  Castle,  I  found,  as  I  had  anticipated,  considerable 
trouble  through  hnves,  &c.9  choking  the  screen  in  the  water  supply,  so  much  so 
that  during  the  fall  of  the  leaf  last  autumn  the  output  was  generally  reduced  to 
ono  half  in  the  course  of  half  or  three-quarters  of  an  hour's  working  unattended, 
notwithstanding  that  the  area  of  the  screen  was  nearly  a  hundred  square  feet. 
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Accordingly  an  apparatus  was  devised  for  remedying  the  evil.  It  was  so 
successful  that  the  turbine  would  go  for  a  whole  day  without  attention  and 
without  diminution  of  output  from  the  above  cause. 

The  apparatus  consists  of  a  cylinder  of  wire  gauze,  of  4  feet  diameter  and 
4£  feet  height,  set  in  an  opening  in  a  vertical  diaphragm  extending  across  th* 
supply  drain  and  revolving  twice  in  a  minute  or  so  round  a  vertical  axis.  The 
current  flows  through  the  gauze  cylinder  in  a  horizontal  direction.  The  leaves, 
carried  down  with  the  current,  attach  themselves  under  pressure  of  the  stream, 
are  carried  round  till  they  reach  the  diaphragm,  which  on  that  side  is  double, 
with  an  intervening  space  of  some  ten  inches,  which  is  connected  with  the  tail- 
race  ;  and  at  this  point,  the  current  through  the  gauze  being  reversed,  the  leaves 
are  detached  and  are  carried  by  a  portion  of  the  water  towards  the  tail-race. 
Four  or  five  per  cent,  of  the  supply  is  ample  for  conveying  the  leaves ;  probably 
much  less  would  suffice.  A  very  few  leaves  get  past  and  on  to  the  screen,  but  so 
few  that  they  give  no  trouble. 

The  apparatus  has  also  been  constructed  of  the  disc  form,  and  also  as  a 
cylinder  on  a  vertical  axis,  the  water  entering  all  round,  except  along  one  vertical 
section  connected  with  the  tail-race  as  before,  and  bearing  vertically  downwards 
round  the  axis ;  but  only  as  working  models,  and  on  this  scale  they  are  even  more 
effectual  in  their  action.  Hut  there  seemed  no  sufficient  reason  for  modifying  the 
full-sized  apparatus,  which  has  now  bet'n  in  action  for  nearly  a  your,  and  has  given 
complete  satisfaction. 


SATURDAY,  KEPT  EMI*  E  It   14. 

Th»»  Section  did  not  m«*et. 


MONDAY,  SEPTEMJiElt   16. 

The  following  Papers  were  read : — 

1.  Th?  Protection  of  Buildings  from  Lightning. 
By  KILLINGWORTH  HEDGES,  MJnst.C.E.,  M.I.E.E. 

The  last  time  this  subject  was  brought  before  this  Association  was  at  the  Bath 
meeting  in  1888,  when  a  joint  discussion  of  Sections  A  and  O  was  held;  but  there 
has  been  no  official  report  as  to  the  effect  of  lightning  .stroke  upon  buildings 
protected  by  conductors  since  the  Lightning  Rod  Coni'i-renco  of  1882.  Interest  in 
the  subject  has  been  again  revived,  first,  by  the  Klectro-Terhniache  Verein  of 
Berlin,  who  have  this  year  published  a  set  of  ruins ;  and  secondly,  by  the 
establishment  in  this  country  of  the  Lightning  Research  Committee,  organised 
jointly  by  the  Royal  Institute  of  British  Architects  and  the  Surveyors'  Institute. 

The  author  compares  Continental  and  American  practice,  and  gives  an  account 
of  his  rearrangement  of  the  system  used  at  St.  Paul's  Cathedral,  where  the 
conductors,  erected  as  recently  as  1872,  were  found  to  be  totally  inefficient,  both  as 
regards  the  conductivity  of  the  joints  and  the  resistance  of  the  earth  connections. 
In  the  plan  recommended,  both  for  this  installation  and  for  the  more  recent  one  at 
Westminster  Abbey,  the  number  of  ordinary  conductors  from  air  to  earth  has 
been  greatly  increased,  and,  besides  these,  horizontal  cables  are  run  on  the  ridges 
of  the  roofs  and  in  other  j>rominent  positions  so  as  to  encircle  the  building,  being 
interconnected  to  the  vertical  conductors  wherever  they  cross  one  another.  The 
horizontal  cables  are  furnished  at  intervals  with  aigrettes,  or  spikes,  which  are 
invisible  from  the  ground  level,  and  are  designed  to  give  many  points  of 
discharge.  At  the  same  time  they,  in  conjunction  with  the  cables,  would  receive 
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any  side  flash  which  might  occur  should  any  portion  of  the  building  receive  a 
direct  stroke  of  lightning. 

The  unreliability  of  soldered  joints  for  conductors,  whether  of  cable  or  tape, 
has  led  the  author  to  design  a  special  joint  box,  which  can  be  applied  for  uniting 
any  portion  of  the  system  together  in  such  a  manner  as  to  give  great  mechanical 
strength  as  well  as  good  electrical  contact ;  at  the  same  time  any  box  can  have 
points  inserted  so  as  to  form  an  aigrette  in  any  desired  position. 

Owing  to  the  dilh'culty  of  sinking  an  earth  plate  of  sufficient  area,  on  account 
of  old  foundations,  a  special  form  of  tubular  earth  has  been  designed  which  takes 
up  little  space  and  has  the  advantage  that  it'  a  suitable  moist  ground  is  not 
obtainable  the  desired  low  electrical  resistance  is  attained  by  lending  a  tube  in 
connection  with  the  rain-water  pipes,  so  that  a  portion  of  the  rainfall  is  diverted 
to  tho  tubular  earth. 

The  author  Alludes  to  the  immense  amount  of  damage  to  property  annually 
occurring  which  might  be  prevented  if  efficient  conductors  were  installed.  He 
mentions  that  instead  of  every  church  having  its  V.-!  '•".  •  •  •  inctor  not  ten 
per  cent,  are  so  provided;  and  in  tlu*  case  of  other  -,  ,1:,  •  :.:..;-  the  percentage 
is  not  much  larger,  the  reason  in  the  case  of  the  former  class  of  buildings  being 
that  a  vicar  wishing  to  safeguard  his  church  has  usually  to  pay  the  cost  out  of 
his  own  pocket. 

Architects,  as  a  rule,  treat  the  question  of  lightning  conductors  in  a  very  brief 
manner,  and  in  their  hpecifications  seldom  say  anything  as  to  the  way  in* which 
they  are  to  be  run,  or  the  necessity  for  good  joints  and  good  earth  connections. 


2.   The  Commercial  Jtujwrtance  of  Ahnnininm. 
EH  Professor  ERNEST  WILSON,  M.LE.E. 

During  tin*  last  ten  \ours  enormous  progress  lias  been  made  in  the  production 
of  aluminium.  In  11K)0  no  less  than  r>,000  tons  were  produced  by  plants  having 
25,000  horse- power,  representing  H  nipitiil  of  2,OOOt(XM)/.  All  aluminium  may  be 
said  to  l>e  produced  hy  the  eloctrolvtic  method,  which  was  patented  by  Hall  in 
America  and  llurault.  in  England  and  France  in  18SO-  1HS7.  After  giving  a  short 
rwttine  of  the.  progros  in  manufacture,  and  u  description  of  the  electrolytic  cell, 
the  niithor  discussed  (he  properties  of  the  metal.  From  experiments  made  at 
Kin^V  College,  London,  it  a]>pear>  that  aluminium  containing  *«U  per  cent.  Fe 
and  '14  per  cent.  Si  has  a  t-pecitic  roMstunco  of  i?-76  x  10  ''  ohm.-,  at  15°  ('.,  which 
shows  that  it>  conductivity  is  about  (H'o  per  cent,  thnt  of  copper,  taking1 
Mat  th  iesson's  standard.  Jn  the  form  of  wire  *!!?(>  in.  diameter  the  breaking  load 
is  12'G  tons  per  square  inch,  the  limit  of  plasticity  8'(>5  tons  per  square  inch,  and 
percentage  extension  within  tho  limit  of  elasticity  *1SJ,  with  an  applied  force  of 
7'2  tons  per  square  inch.  Some  copper  and  nickel  copper  alloys  give  20  tons  per 
.square  inch,  1(5  tons  limit  of  elasticity,  %U)  per  cent,  extension  within  the  limits  of 
elasticity  under  an  applied  force  of  7-2  tons  per  square  inch,  with  a  conductivity 
T>2  per  cent,  of  that  of  copper.  The  Standard  Electric  Company  of  California  in 
their  43  miles  transmission  lino  are,  stated  to  use  aluminium  having  10*1  tons  per 
square  inch  breaking  load,  and  a  conductivity  50f9  per  cent,  of  copper. 

Tho  weight  of  a  given  volume  of  a  metal  may  govern  its  financial  value. 
Since  copper  is  3%37  times  as  heavy  as  aluminium  it  follows  that,  volume  for 
volume,  aluminium  at  130/.  per  ton  is  cheaper  than  copper  at  70/.  per  ton. 

For  equal  conductivity  the  relative  weights  would  be  1  of  copper  to  J  of 
aluminium,  and  the  diameter  of  the  aluminium  wire  would  be  1*27  time  that  of 
the  copper. 

Pealing  with  wind  pressure  the  author  stated  that  the  total  tensile  strength 
of  an  aluminium  wire  of  the  same  conductivity  as  copper  may  be  greater  than 
that  of  the  copper,  and  this  may  compensate  for  increase  in  the  surface  exposed 
to  wind,  snow,  &c. 

A  short  description  of  some  long-distance  transmission  lines  was  given,  show- 
ing that  aluminium  is  being  installed  with  success.  It  was  stated  that  joints 
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which  are  mechanical  in  the  above  cases  can  be  made  with  success.  It  was 
pointed  out  that  aluminium  can  bo  welded  and  soldered.  The  melting  and 
casting,  rolling  and  forging,  hardening  and  annealing,  of  aluminium  wore  next 
dealt  with. 

Probably  the  widest  field  is  still  in  the  purification  of  iron  and  steel.  At  high 
temperatures  the  metal  decomposes  nearly  till  metallic  oxides,  and  prevents  blow- 
holes by  combining  with  the  gases  which  form  the  holes. 

The  author  referred  to  the  use  of  aluminium  when  alloyed  with  copper  for  the 
production  of  aluminium  bronzes.  The  breaking1  load  varies  from  4i  to  39  tons 
per  square  inch  in  the  case  of  alloys  containing  8  to  12  per  cent,  aluminium.  It 
has  a  golden  appearance,  and  is  suitable  for  hydraulic  work  on  account  of  its  non- 
corrodible  properties. 

3.  Recent  Observations  on  Bridges  in  Western  China. 
By  R.  LOCK  H ART  JACK,  B,E* 

During  1900,  while  travelling1  in  the  West  of  China,  in  Szechuan  and  Yunnan, 
I  was  struck  by  the  variety  of  Chinese  bridges,  ranging  as  they  do  from  pontoon* 
and  even  large  baskets  of  shingle  supporting  a  temporary  decking,  to  stone  and 
iron  bridges  of  large  span. 

On  the  headwaters  of  the  Min,  Fou,  and  Mekong  rivers  the  single  rope  bridge 
is  used,  on  which  the  traveller,  by  the  aid  of  a  runner  to  which  he  is  fastened, 
crosses  from  one  bank  to  the  other.  The  rope  is  of  plaited  bamboo,  from  two  to 
three  inches  in  diameter,  while  the  runner  employed  is  a  half  cylinder  of  hard 
wood  ten  inches  long. 

The  bamboo  is  also  much  employed  for  suspension  bridges,  a  very  good  example 
of  which  is  to  be  found  at  Shih  Chuen.  It  is  composed  of  sixteen  hawsers  each 
from  7  to  8  inches  in  diameter,  tightened  by  capstans  and  is  t>40  feet  long  by  ten 
wide.  The  decking,  of  wicker  work,  is  laid  upon  fourteen  of  these  hawsers,  the 
other  two  acting  as  guard  rails.  The  bridges  are  entirely  renewed  at  intervals  of 
one  to  three  years. 

In  other  districts  suspension  bridges  are  built  of  wrought  iron,  chains  or  bars, 
the  decking  following  the  curvature  of  the  chains,  which,  however,  is  very  alight, 
that  of  the  Yangtse  near  Likiang  being  less  than  '20  feet  on  a  span  of  320.  This 
bridge,  the  largest  single  span  we  saw,  is  built  up  of  eighteen  chains,  the  links  of 
which  were  11  inches  long  of  \\  inch  bar  iron.  The  chains  are  anchored  to 
castings  bedded  in  the  masonry  abutments,  and  are  tightened  by  drhing  wedges 
between  the  links.  This  type  of  bridge  is  said  to  have  been  in  existence  at  about 
the  beginning  of  the  Christian  era,  and  possibly  much  earlier. 

Cantilevers  and  trestle  bridges  are  used  where  timber  is  plentiful,  the  latter 
being  generally  covered  with  a  tiled  roof  and  lined  at  the  sides  with  stalls.  The 
timber  is  mostly  soft  wood,  but  they  last  very  well  owing  to  the  protection 
afforded  by  the  roof. 

The  greatest  triumphs  of  the  Chinese,  however,  are  their  masonry  bridges, 
which  are  exceedingly  numerous  in  the  wealthier  districts  of  Szechuan.  Broadly, 
they  are  of  two  kinds :  those  in  which  slabs  of  stone  are  used  as  girders,  and  those 
which  embody  the  principle  of  the  arch.  A  good  example  of  the  former  was  being 
erected  at  Chiang  Chow,  60  miles  S.W.  of  Chcngtu,  and  consisted  of  a  bridge 
nearly  700  feet  long  by  15  wide,  formed  of  stone  slabs  laid  on  edge,  and  carried 
on  thirty-three  tiers,  each  40  feet  by  4.  The  whole  of  the-  stone  used  was  a  red 
sandstone  cut  into  blocks. 

Of  the  arch  bridges  the  largest  is  at  Ning  Shih,  also  of  sandstone,  where  a 
bridge  about  600  feet  long1  (including  masonry  approaches)  is  carried  across  a 
tributary  of  the  Yangtse  Kiang  on  three  snans  of  over  1 00  feet  each. 

One-arch  bridges  with  the  roadway  rising  to  the  centre  by  steps  are  very 
common  over  small  streams,  and  bridges  of  twelve  to  eighteen  arches  are  occa- 
sionally met  with. 

There  is  reason  to  believe  that  the  Chinese  used  such  bridges  as  have  been 
described  at  a  very  early  period,  and  it  would  be  of  interest  to  make  a  study  of 
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their  works,  and  so  sen  if  they  are  built  in  .accordance  with  some  definite  rule  or 
formula,  or  if  they  have  learned  by  long  experience  what  is  safe  for  each  type 
and  each  material. 

4.  On  Recording  foundings  by  Photography.     By  J.  DILLON. 

5.  On  tlif.  Size.  of  Waves  as  observed  at  Men. 
Jl;t  VAUCJHAN  CORNISH,  D.fir. 

The  Height  of  Wave*.—  The  height  of  the  oociiu  waves  in  deop  vater  from 
land  bus  been  determined  with  fairly  concordant  results  by  independent  observers. 
The  values  recorded  are  the  average  of  the  heights  of  a  number  of  successive 
wave-*  :-  — 
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values  are  only  about  one-half  of  the  40  or  50  feet  which  experienced 
en  frequently  state  in  be  '  the  size  of  tin*  waves  '  met  with  in  strong  gales  in 
llie  open  ocean.  Thi1  author  has  obser\e<l  during  gales  in  the  North  Atlantic 
that  wa\cs  of  a  larger  size  recurred  at  short  intervals,  and  tluit  it  was  these 
which  riveted  the  attention  ami  which  wen*  dangerous.  Ho  thinks  that  it  is  the 
averaim  M/O  of  the>e  'ordinary  maMmtim  '  wuves  which  i^  commonly  estimated 
l>y  .xrjinn'ii  as  40  to  oO  te«-t,  and  h<«  f-utrire^t^  tlmt  it  is  desirable  to  record  in 
future,  not  only  thr  pen«Tal  averape  hi'ijrhl,  but  also  th  •  hiMirht  of  the  •ordinary 
maximum'  waves.  'Hiis  prartuv  woulil  do  away  with  much  of  the  apparent 
discrepancy  between  the  account*  of  the  size  of  waves  at  sea.  and  would  also  pive. 
wmie  notion  of  the  biiuultiiiieoii*.  dillerence-*  of  roughness  at  difierent  points,  which 
is  an  important  aspect  of  a  sea-way. 

T/if  Lf-nf/th  of  Wirvf*.  —  Tho  hiprln'st  waves  in  deep  water  are  recorded  during1 
Morms,  but  tho  lonp«-st  are  the  swells,  rncountored  in  a  calmer  atmosphere.  At 
«ea,  where  the.  ship  risea  and  falls,  and  then*  is  no  ti.\ed  object  t»>  provide  a  datum 
lino,  civets  and  trough*!  arc  judged  less  by  actual  elevation  than  by  convexity  or 
concavity  of  tho  water's  surface.  When  the  profiles  of  two  waves  of  nearly  equal 
amplitude  but  of  very  different  wave-length  are  combined,  the  refilling  wavy 
lino  presents  a  series  of  inequalities  the  wa^o-leiigtb  of  which  is  fairly  regular, 
and  equal,  on  an  averngo,  to  that  of  the  shorter  component.  AVhen.  howe\er,  the 
two  combining  waves,  of  very  diflorcnt  wOAc-length.  arc  of  equal  gfttpnes*,  tho 
combination  appoars  as  a  series  of  ineijualitics  which,  although  displaying  minor 
sinuosities  of  outline,  have  unmistakably  the  wave-length  of  the  longer  com- 
ponent. Their  average  amplitude  is  also  equal  to  that  of  the  lunger  component. 
This  indicates  (a)  that  n  swell,  even  of  great  amplitude,  is  not.  directly  measure- 
able  in  a  storm  ;  (b)  that  a  great  swell  scarcely  affects  the  recorded  average  height 
and  length  of  the  shorter  storm-waves,  but  that  it  can  cause  irregularity  of  the 
kind  referred  to  in  the  last  section  ;  and  (c)  that  th«  appearance  of  the  water  may 
change  somewhat  suddenly  from  that  of  an  irregular  short  sea  to  that  of  an 
irregular  long  swell,  the  longer  component  being  row  what  the  author  terms  'the 
dominant  wave.'  This  change  of  appearance  i*  not,  however,  accompanied  by  any 
acceleration  of  the  procesee?  going  on  in  th*  wave-water. 
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TUESDAY,  SEPFJKNXER   IT. 

The  following  Report  and  Papers  were  read  :— 

1.  Report  on  the  8 mall  ticrew  (Sauyv. — See  Reports,  p.  407. 


2.  A  Portable  folding  AYmr/r-Jftnc/err,  for  Use  with  Infantry. 
By  G.  FORBES,  ff.Jt.ti. 


3.  Machinery  for  JEngrayiwj*     By  MARK  BARK. 
Recent  Developments  of  Chain  Driving.     By  C.  11.  GAUKAKU. 


5.  Measurement  oft/n>  Hardness  of  Materials  by  Indentation  by  a 
Xted  tfplwrc.     By  T.  A. 


6.  On  the  Critical  Point  In  Sttlf&l  tit&J  Joints.     II y  E.  J.  EDWARDS. 

In  selecting  rolled  steel  joist*  tor  floor*  there  are  two  elements  which  determine 
the  section  to  bo  used  with  a  j»i\en  load  per  square  foot  of  floor  area. 

Jb'irst,  the  stress  pur  square  inch  pioduced  by  the  load. 

Second,  tho  deflection  produced  by  the  same  load, 

At  first,  particularly  with  small  spans,  it  it  the  stress  p,-r  square  inch  which  i* 
the  governing  element:  this  stiv«s  must  not  exo.ped  ^:ife  uorKmg  liiniK  VH  the 
tloor  span  is  increased  tins  detlection  becomes  the>  ruling  uleimmi,  the  ^trc^s  per 
wjiiare  inch  falling  into  the  background. 

The  deflection  must  not  be  sufficient  I 'i  crack  the  ceiling  where  the ru  is  one, 
nor  sufficient  to  be,  unsightly  M-hertj  there  is  none. 

In  the.  diagrams  exhibited  two  cur\e^  a>*e  shown,  one  in  black  and  the  other  in 
red.  The  former  is  the  curve  of  a  given  maximum  >tre«s,  and  shows  the  loads  a 
*teel  joist  will  carry  for  various  spans.  The  red  curve  gives  the  loads  which  pro- 
duces a  deflection  which  is  a  constant  given  fraction  of  the  span,  vi/..,  jflj. 

The  curved  cross  each  other,  and  the  point  of  crossing  tho  author  calls  the 
critical  point.  At  this  point  the.  distributed  load  produce.*  the  given  stn-cw  ana 
given  deflection.  Before  the  critirnl  point  is  reached  the  load  product*  the  specified 
stress,  but  is  insufficient  to  produce  the  limiting  deflection ;  alter  tlio  critical  point 
is  passed  the  distributed  load  products  the  specified  deflection,  hut  t>  insuiUcieut 
to  produce  the  specified  straw ;  in  other  words,  the  limit  of  deflection  is  reached 
before  the  limit  of  stress.  Kxampk-s  are  gi\c-n  of  various  »i/ew  of  ateel  joints  with 
the  limiting  stresses  and  deflections. 

Generalising, up  to  the  critical  point  the  stress  curve  Ls  tho  more  important; 
beyond  this  the  deflection  curve  ia  more  important.  The  two  important  parts  of 
the  curves  taken  together  are  called  the  curvo  of  loads,  which  is  a  curve  with  n 
kink  in  it. 

The  first  part  of  curvo  is  drawn  from  the  formula  W  -     .   .  and  tho  second 

part  from  the  formula  W^'-—.      Explanations  showing  how  thy  equations  are 

arrived  at  are  given  in  the  paper. 

With  a  factor  of  safety  of  tf  and  a  breaking  stress  of  3'2  tons  per  fiquare  inch, 
and  a  deflection  of  3  J0  span,  tb*  Orftteiri'-pmnt  •»  i*  »  *pan  of  twenty-ae\en  times* 
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the  depth.    For  this  particular  deflection  it  is  shown  that  the  factor  of  safety 
multiplied  by  0  gives  the  critical  point. 

Tf  the  deflection  in  percentages  of  the  span  arc  calculated  a  series  of  curves  of 


of  safety. 

The  values  aro  tabulated  and  shown  graphically  by  diagrams. 

Returning1  to  the  special  object  of  the  paper,  the  selecting  of  rolled  st«»el  joists 
for  fireproof  floors,  the  principal  step  is  to  determine,  the  pitch  or  spacing  apart 
of  the  joists. 

These  pitches  aro  tabulated  for  various  .sections  of  joints  for  th».-  loads  of 
1  cwt.  and  1{  cwt.  per  square  foot  of  floor.  A  formula  is  deduced  ibi"  a  loading 

of  1  cwt.  per  square  foot:  p-~-  .  —  ,  'uid  for  any  other  loading  p,  -  ?,  where  .r 

Ju  "  .r 

is  the  cwt.*.  of  load  per  square  foot,y>-pitah  in  feet,  L»>pan  in  feet,  and  W-^  dis- 
tributed load  in  tons,  the  rolled  ste*4  joUt  will  carry  safely. 

A  final  result  is  that  the  pitch  varies  inversely  as  the  sojuire  of  the  span  when 
the  stress  per  square  inch  IB  considered,  <>.,  up  to  the  critical  point,  and  varies 
inversely  a*  the  cube  of  the  span  when  the  deflection  is  considered  or  beyond  the 
critical  point.  __ 

7.  On  Alternaliu'f  Air  Current*  in  Clturchw  and  Public  Buildings. 
'        .  W.  THOMAS,  F.LC.,  F.C.X. 


When  the  temperature  of  the  air  outride  is  frY  F.  or  le^s  the  exit  space  for 
foul  air  in  a  great  number  of  ehurchei  and  public  building  is  too  large  to  keep 
back  the  extra  piv-*ure  outride,  and  c«>ld  air  enter*  the  tup  of  the  building  at  the 
points  of  least  friction  and  re.-istuiice  I  he  larjje  opening*  irenerally.  In  high 
buildings  the  cold  air  current*-,  or  down-draughts,  are  followed  by  hot  and 
<>ppresM\e  \\a\e,-  of  air,  after  which  the  air  l»ccom«'>  inotionlv>s  and  Magnant  for 
sonii*  heconds. 

Some  years  «»o  the  author  ex^ierinieiited  in  ji  larjic  pulilie  ball,  and  found  that 
these  hot  and  eold  experience1*  \\i-ii*  due  t«>  alternating:  air  i-uvn-uts  in  the  building1. 
Taking  the  poim  of  the  l<';i-l  internal  pre>Muv  n>  the  iir-t  observation,  it  took 
about  li.'ilf  a  minute  to  reueh  the  point  of  hi^heM  internal  pre>Mire.  :tnd  rutlier  less 
than  half  u  minute  after\\:nxU  to  rem-h  the  point  of  lea^t  pr«  >j»ure  njrain.  The 
hr.^t  fixe  Micondi*  after  the  least  internal  pre^mi*  \va>  rearln  d  there  x\a"  a  gradual 
ri>e,  followed  by  double  Mich  an  interval  of  more  rapid  inerea.N  i  :  then  there  wera 
a  few  -ecomlf*  of  le-^er  inciviioe.  followed  b\  a  lengthened  period,  during  which 
Ihc  ])iM'^inv-reci>r«linjr  inNtnunt  nt  remained  almost  steady.  \Vlit>n  the  ivduotion 
of  internal  pre>^ure  licjfaii  inucli  d>ld  air  still  defended,  and  there  were  ten  or 
more  seconds  during  \slnch  the  reduction  -\\a>  gradual  :  then,  for  about  half  that 
period,  a  \ery  nipul  <h'crea>e  nicuircd.  loll«i\\ed  b\  -e\eral  M'coiuls  ^lien  the 
instrument  wa.s  ,sl»'adv  ami  iilmoM  Mntitmary  at  the  point  of  loiis-t  pressure. 

The  strangeM  fact  in  the  results  obtained  was  that,  ouin^  to  the  elasticity  of 
the  air,  its  density  (iW  F.  out.side^,  and  the  \clnciM  obtaint'd  by  tailing  about 
<>0  feet,  the  procure  incrcaM-d  internally  until  n  fn'tnalhi  r.n't  rrfrtl  the  j»rt»*vrf 
ttt/f.s'(/f  for  a  few  second.*,  then  decreased  and  increa.'-ed  alternately. 

Since  then  experiment*  in  hijrh  thurchek  and  bnildinjrs  Innc  gi\on  >imilar 
re^ulU*.  An  anemometer  held  in  it  narrow  opening  in  a  <loon\ay  leadinj;  to  a 
church  turned  rapidly  imxards,  iudicatiujr  an  uj)-curront  ;  thea  it  ^toppcd  and 
hubwtjueiitly  reveived,  showing:  that  the  pre^ure  in  the  building  \\as  acting 
out  wards. 

Air  inlets  to  hot-water  pipes  under  the  floor  of  a  building  are  influenced  by 

nlternuting  air  currents  at  their  highest  pressure,  and  when  the  period  of  greatest 

upward  movement  occurs,  such  a  deluge  of  cold  air  pasott  inward*  that  the  inlets 

have,  to  be  f-hut. 

'   Altercating  air  currents,  therefore,  greatly  inapair  the  ventilation.  of  building. 

3  &  2 
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SECTION  H.— ANTHROPOLOGY. 

or  THE  SECTION— Professor  1).  J.  CUNNINGHAM,  M.D.,  D.Sc., 
LL.D.,  D.C.L.,  F.R.S. 


THURSDAY,  SEPTEMBER  12. 

The  President  delivered  the  following  Address :  — 

TWENTY-FIVE  years  have  passed  since  the  British  Association  met  in  Glasgow. 
This  is  a  long  time  to  look  back  upon,  and  yet  the  period  appears  short  when 
measured  by  the  great  advance  which  has  taken  place  in  almost  all  branches  of 
knowledge.  Anthropology  baa  shared  in  the  general  progress.  The  discoveries 
made  within  its  confines  may  not  have  been  so  startling,  nor  yet  ha\e  had  siu-h  u 
direct  influence  upon  the  material  welfare  of  the  people,  as  in  the  case  of  other 
fields  of  scientiiic  study,  but  its  development  has  been  .-steady  and  continuous  and 
it  has  grown  much  in  public  estimation. 

At  the  Glasgow  Sleeting  of  the  Association  in  1*70  Anthropology  held  a 
subsidiary  position.  It  only  ranked  as  a  Department,  although  it  gained  *a  special 
prominence  through  having  Alfred  Itussel  Wallace  as  its  Chairman.  It  wa*  not 
until  several  years  later  that  it  became,  one,  of  the  recognised  Sections  of  the 
Association,  and  attained  the  liiirh  dignity  of  having  a  letter  of  the  alnbaWt  allotted 
to  it.  But  quite  independently  of  its  official  static  it  ba^  alwius  Wn  a  branch 
of  study  which  has  been  accorded  a  largo  amount  of  popular  fa\  our.  The  ant  hropo- 
logical  meetings  have,  as  a  rule,  been  well  attended,  and  the  tli.scu^sions,  although 
perhaps  on  certain  occasion4*  somewhat  discursive,  lm\  o  m*\  er  larked  \  igour  or  anima- 
tion. Professor  Huxley,  who  presided  over  the  Anthropological  Department  at  the 
Dublin  meeting  in  187H,  ascribed  the  popularity  of  the  subject  to  the  many  open- 
ings which  it  aftoftU  for  wide  differences  of  opinion  between  the  exponent. s  of  it> 
numerous  branches  anil  to  the  innate  bellicose,  tendency  of  man.  AH  the  repre- 
sentative of  a  country  in  which,  according  to  the  same  high  authority,  this  tendency 
is  less  strongly  marked  than  elsewhere,  and  of  a  race  which  has  so  frequently  and 
pointedly  exhibited  its  abhorrence)  of  vigorous  language,  I  trust  that  my  presence 
here  as  President  may  not  react  unfavourably  on  the  intereM  shown  in  tho  work  of 
the  Section. 

The  present  occasion  might  appear  to  be  peculiarly  appropriate  for  my  taking 
frtockof  our  anthropological  possessions  and  Humming  up  tne  numerous  additions  to 
our  knowledge  of '  man  and  his  doinjrs'  which  have  been  made  during  the  century 
which  has  just  passed.  Such  a  task,  howoer,  is  surrounded  with  so  much  diffi- 
culty that  I  shrink  from  undertaking  it.  The  scope  of  the  subject  is  enormous, 
and  the  studies  involved  so  diverse  and  so  varied  that  I  feel  that  it  is  beyond  my 
power  to  give  any  comprehensive  survey  of  its  development  in  all  its  parts.*  I  prefer 
therefore  to  confine  my  remarks  to  that  province  of  Anthropology  within  which 
my  own  work  has  been  chiefly  carried  on,  and  from  this  to  select  a"  subject  which 
has  for  some  years  held  a  prominent  place  in  my  thoughts.  I  refer  to  the  human 
brain  and  the  part  which  it  has  playea  in  the  evolution  of  man. 
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^  One  of  the  most  striking  peculiarities  of  man  when  regarded  from  the  structural 
point  of  view  is  the  relatively  great  size  of  his  brain.  Although  with  one  or  two 
exceptions  the  several  parts  of  the  brain  are  all  more  or  less  involved  in  this 
special  development,  it  is  the  cerebral  hemispheres  which  exhibit  the  pre- 
ponderance in  the  highest  degree.  This  characteristic  of  the  human  brain  is 
rendered  all  the  more  significant  when  we  consider  that  the  cerebral  hemispheres 
cannot  be  looked  upon  as  being  primitive  parts  of  the  brain.  In  its  earliest  con- 
dition the  brain  is  composed  of  three  simple  primary  vesicles,  and  the  cerebral 
hemispheres  appear  in  a  secondary  manner  in  the  sliape  of  a  pair  of  lateral  offshoot* 
or  buds  which  grow  out  from  the,  foremost  of  these  primitive  brain-vesicles. 

The1  offshoots  which  form  the  cerebral  hemispheres  arc  found  in  all  vertebrates. 
Insignificant  in  size  and  insignificant  in  functional  value  in  the  more  lowly  forms, 
a  steady  increase  in  their  proportions  is  manifest  as  we  ascend  the  scale,  uutil  tho 
imposing  dimensions,  tho  complex  structure,  and  tho  marvellous  functional 
potentialities  of  the  human  cerebral  hemispheres  are  attained.  In  their  develop- 
ment the  cerebral  hemispheres  of  man  rapidly  outstrip  all  the  other  parts  of  the 
brain  until  they  ultimately  usurp  to  themselves  by  far  the  greater  part  of  the 
cranial  cavity.  To  the  predominant  growth  of  thft  cerebral  hemispheres  is  due  the 
lofty  cranial  vault  of  the  human  tkull ;  to  the  different  degrees  of  development 
and  to  the  different  forms  which  they  assume  arc  largely  due  the  variations  in. 
cranial  outline  in  different  indniduals  and  diflerenf  races — variations  in  the  deter- 
mination of  which  the  Craniologi.st  has  laboured  so  assiduously  and  patiently. 

I  think  that  it  must  bo  manifest  to  e\eryonethnt  thw  work  of  the  Craniologist, 
if  it  is  to  at  tain  its  full  degree  of  usefulness,  mu>t  be  founded  upon  a  proper  recog- 
nition of  the  relation  which  exists  between  the  cranium  and  the  brain,  or,  in  other 
words,  between  the  en\ elope  and  its  contents. 

The  cranium  expands  according  to  the  demands  made  upon  if  by  the  growing 
brain.  The  initiative  lies  with  the  brain,  and  in  normal  conditions  it  is  questionable 
if  the  envelope  exercise  more  than  a  very  subsidiary  and  limited  influence  upon 
tho  form  nsbiimed  by  the  contents.  The  directions  of  growth  are  clearly  defined 
by  the  sutural  lines  by  which  the  cranial  bone*  are  knit  together :  but  tln>e  are  sa 
arranged  that  they  admit,  of  the.  expansion  of  the  cranial  box  in  length,  in  breadth, 
and  in  height,  and  the  freedom  of  urowth  in  each  of  these  different  directions  has 
in  all  probability  been  originally  determined  by  the  requirements  of  the  several 
parts  of  the  brain. 

The  base  or  floor  of  the  cranium,  supporting  ns  it  does  tho  brain-stem  or  the 
parta  which  possess  the  greatest  phjlogenetic  antiquity, nnd  which  have  not  under- 
gone so  large  a  decree  of  modification  in  human  evolution,  presents  a  greater 
uniformity  of  typo  and  a  greater  constancy  of  form  in  different  individuals  and 
different  races  than  the  cranial  \ault  whiclTcovers  the  more  highly  specialised  and 
more  variable  cerebral  hemispheres. 

To  what  extent  and  in  what  directions  modifications  in  the  form  of  the  cranium 
may  bo  the  outcome  of  restrictions  placed  on  the  growth  of  the  brain  it  is  difficult 
to  soy.  Hut,  broadly  speaking,  1  think  we  may  conclude  that  the  influence  which 
the  cranium,  under  normal  circumstances,  independently  exerts  in  determining  the 
various  head-form*  is  trifling. 

When  we.  speak  therefore  of  brachycephalic  or  short  heads,  and  dolichocephalic 
or  lonjr  heads,  wo  are  merely  using  terms  to  indicate  conditions  which  result  from 
individual  or  racial  peculiarities  of  cerebral  growth. 

Tho  brachycephalic  brain  is  not  moulded  into  form  by  the  brachycephalic 
skull;  tho  shape  of  both  i«  tho  result  of  tho  same  hereditary  influence, and  in  their 
growth  they  exhibit  tho  most  perfect  harmony  with  each  other. 

Craniology  has  been  called  the  '  spoiled  child  of  Anthropology.'  It  is  supposed 
that  it  has  absorbed  more  attention  than  it  deserves,  and  has  been  cultivated  with 
more  than  its  share  of  care,  while  other  fields  of  Anthropology  capabloof  yielding  rich 
harvests  have  been  allowed  to  remain  fallow.  This  criticism  convoys  a  very  partial 
truth.  The  cranium,  as  we  have  seen,  is  the  outward  expression  of  the  contained 
brain,  and  tho  brain  is  tho  most  characteristic  organ  of  man ;  cranial  peculiarities 
therefore  must  always  and  should  always  claim  a  leading  place  in  the  mind  of  the 
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Anthropologist;  and  this  is  all  the  more  imperative  seeing  that  brains  of  different 
races  are  seldom  available  for  investigation,  whilst  skulls  in  the  different  museums 
may  literally  be  counted  by  thousands. 

Meantime,  however,  the  rrnp-"-"1^-^  lies  buried  beneath  a  mighty  mountain 
of  figures,  many  of  which  have  little  morphological  value  and  possess  no  true 
importance  in  distinguishing  the  finer  differences  of  racial  forms.  Let  us  take  as 
an  example  the  figures  upon  which  the  cepha'ic  or  length-breadth  index  of  the  skull 
is  based.  The  measurement  of  the  long  diameter  of  the  cranium  does  not  give  the 
true  length  of  the  cranial  cavity.  It  includes,  in  addition,  the  diameter  of  an 
air-chamber  of  very  variable  dimensions  which  is  placed  in  front.  The  measurement 
combines  in  itself  'therefore  two  factors  of  very  different  import,  and  the  result  is 
thereby  vitiated  to  a  greater  or  less  extent  in  'different  skulls.  A  repent  memoir 
by  Schwalbe  l  affords  instructive  reading  on  this  matter  One  case  in  point 
may  be  given.  Measured  in  the  usual  wav,  the  Neanderthal  skull  is  placed  in  the 
dolichocephalic  class  ;  whereas  Schwalbe  lias  shown  that  it*  the  bruin-case  alone  be 
considered  it  is  found  to  be  on  the  verge  of  brachyceplmly.  Huxley,  many  years 
ago,  remarked  that  '  until  it  shall  become  an  opprobrium  to  an  ethnological  collec- 
tion to  possess  a  single  skull  which  is  not  bisected  longitudinally  '  in  order  that 
the  true  proportions  of  its  different  par's  may  be  properly  determined  we  shall 
have  no  'safe  basis  for  that  ethnological  craiiiolopv  which  aspires  to  give  the 
anatomical  characters  of  the  crania  of  the,  different  races  of  mankind/  It  appears 
to  me  that  the  truth  of  this  observation  can  hardly  be  disputed,  and  yet  this 
method  of  investigation  has  been  adopted  by  very  few  Oraniologists. 

It  ha<*  become  top  much  the  habit  to  measure  and  compare  crania  as  if  thoy 
were  separate  and  distinct  entities  and  without  a  due,  consideration  of  the  evolu- 
tionary changes  through  which  both  tho  brain  and  its  bony  envelop*  have  passed, 
Up  to  the  present  littlo  or  no  effort  has  been  made  to  contrast  those  parts  of  tho 
cranial  wail  or  cavity  which  have  been  specially  modified  by  the  cerebral  growth- 
changes  which  ai$  peculiar  to  man.  It  may  bo  assumed  that  these  changes  ha\o 
not  taken  placo  to  an  equal  extent,  or  indeed  followed  identically  the  same  line* 
in  all  races. 

Unfortunately  our  present  knowledge  of  cerebral  growth  and  the  value  to  lie 
attached  to  its  various  manifestations  is  not  so  complete  a**  to  enable  us  to  follow 
out  to  the  full  extent  investigations  planned  on  these  lines.  Hut  the  areas  of  cere- 
bral cortex  to  which  man  owes  his  intellectual  superiority  are  nowrougldv  mapped 
out,  and  the  time  has  come  when  the  effect  produced  upon  the  cranial  form  by  the 
marked  extension  of  these  areas  in  the  human  brain  should  be  noted  and  tho  skulls 
of  different  races  contrasted  from  this  point  of  view. 

To  some  this  may  seem  a  return  to  tho  old  doctrine  of  Phrenology,  and  to  a 
certain  extent  it  is  ;  but  it  would  be  a  Phrenology  based  upon  an  entirely  new 
foundation  and  elaborated  out  of  entirely  new  material. 

It  is  to  certain  of  the  growth  changes  in  tho  cerebrum  \\hich  I  bolie\o  to  bo 
specially  characteristic  of  man,  and  which  unquestionably  have  had  some  influence 
in  determining  head-forms,  that  I  wish  particularly  to  refer  in  this  Address. 

The  surface  of  the  human  cerebrum  is  thrown  into  a  series  of  tortuous  folds  or 
convolutions  separated  by  slits  or  figure*,  and  hoth  combine  to  give  it  nn  appear- 
ance of  great,  complexity.  These  con  \olution.s  were  long  considered  to  present 
no  definite  arrangement,  but  to  be  thrown  together  in  the  sunn-  meaningless 
disorder  OH  is  exhibited  in  a  dish  of  macaroni.  During  the  latter  half,  or  rather 
more,  of  the  century  which  has  just  ended  it  has,  however,  been  shown  by  tho 
many  eminent  men  who  havn  given  their  attention  to  this  subject  that  tho  pattern 
which  is  assumed  by  the  convolutions,  while  showing  many  subsidiary  differences, 
not  only  in  different  races  and  different  individuals,  but  also*  in  tho  two  hemispheres 
of  the  same,  person,  is  yet  arranged  on  a  consistent  and  uniform  plan  in  every 
human  brain,  and  that  any  decided  deviation  from  this  plan  results  in  an  imperfect 
carrying  out  of  the  cerebral  function.  Jn  unravelling  the  intricacies  of  the  human 


I'itttvantfirttfHi*  mrtttx  (Dubois).      Xritwltrift  f.   Morph.  wttl 
Anihroy.,  Bandi.  Heft  1,  18M. 
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couvolutionary  pattern  it  wa".  very  oarly  found  that  the  pimple  cerebral  suiface  of 
the  ape'>  brain  in  many  cases  aftbrde-i  the  key  to  the  anlntion  of  the  problem. 
More  recently  the  close  si  udy  of  the  mannor  in  which  tin*  convolutions  assume 
*hapc  during  their  growth  and  development  ha-  yielded  evidence  of  a  still  more 
valuable  kind.  "We  now  know  that  1  lie  primate  cerebrum  i*  not  onK  distinguished 
from  that  of  all  lower  mammals  by  the  pos<c«Njnn  of  u  distinct  occipital  lobe,  but 
alsu  by  having  iui]irinti'd  on  iK  surface  a  convolutionarv  design,  which  in  al'  but 
u  few  fundamental  details  is  ditl'erent  from  that  of  any  other  order  of  mammals. 

There  nri»  fe»v  iiiuiter;  of  more  mK'nH  to  tho-e  anthmpologist<  \iho  make  a 
study  of  the  huiimu  skull  than  tie*  relationship  which  exist  >  iM-twer-n  the  cranium 
and  the  bruin  during  tha  period  ot  active  gro\\th  of  both.  Up  to  the  time  imme- 
diately prior  to  the  pushing  out  of  the  occipital  lobe,  or,  in  other  words,  the  period 
in  cerebral  development  which  U  marked  by  the  transition  from  the  quadrupedal 
type  to  the  primate  type  of  cerebrum,  the  cranial  wall  UN  like  a  tight  glove  on  the 
surface  of  the  enclosed  cerebrum.  At  this  stage,  then;  would  appear  t  o  be  a  growth 
antagonism  between  the  brain  and  the  cranial  envelope  which  surrounds  it.  The 
cranium,  it  would  seem,  refuses  to  expand  with  a  speed  sufficient  to  meet  the 
demands  made  upon  it  for  the  accommodation  of  the  growing  brain.  In  making 
chis  statement  it  is  right  to  add  that  Hoehstetter,  in  a  carefully  reasoned  memoir, 
has  recently  cast  doubt  upon  the  reality  of  the  appearances  which  have  led  to  this 
conclusion,  and  at  the  recent  meeting  of  the  Anatomischn  fi  «•**•!  Isrhuft,  in  Bonn, 
Professor  (Justaf  Itetx.iu*,'  one  of  the  numerou.s  ob>crvers  responsible  for  the 
description  of  the  early  cerebrum  upon  which  the  conclusion  is  bated,  showed 
some  inclination  to  \\aver  in  his  allegiance  to  the  old  doctrine.  This  is  not  the 
time  nor  the,  place  to  enter  upon  a  discussion  of  *-o  technical  a  kind,  but  I  may 
be  allowed  to  say  that  whilst  I  fully  recognise  the  necessity  for  further  and  more 
extensive  investigation  into  this  matter  I  do  not  think  that  Hoch-stetterhas  satis- 
factorily accounted  for  all  the  circumstances  of  the  case. 

When  the  occipital  lobe  asMimes  shape  the  relationship  of  the  cranial  wall  to 
the  enclosed  cerebrum  undergoes  a  complete  change.  The  cranium  expands  so 
rapidly  that  A  cry  soon  a  wide  interval  is  left  between  the  surface  of  the  cerebrum 
and  the  deep  aspect  of  the  cranial  envelope  within  which  it  lies.  This  space  is 
occupied  by  a  soft,  sodden,  spongy  mesh  work,  termed  the  subarachnoid  tissue,  and 
it  is  into  the  yielding  and  pliable  bed  thus  prepared  that  the  convolutions  grow. 
At  first  the  surface  of  the  cerebral  hemisphere  is  smooth,  but  soon  particular  areas 
of  the  cortex  begin  to  bulge  out  and  foreshadow  the  future  convolutions,  These 
sutler  no  growth  restriction,  and  they  assume  the  form  of  round  or  elongated 
elevations  or  eminences  which  rise  above  the  general  tiirfacc  level  of  the  cerebral 
hemisphere  and  break  up  its  uniform  contour  lines  in  the  same  manner  that  moun- 
tain chain.*  protrude  from  the  surface  of  the  globe. 

As  growth  goes  on,  and  as  the  brain  gradually  A*sumc*  n  hulk  more  nearly  in 
accord  with  the  cavity  of  the  cranium,  the  space  fop  surface  protrusions  of  this 
kind  Incomes  more  limited.  The  iryral  elevations  are  now  preyed  together:  they 
heroine  flattened  along  their  summits,  and  in  course  of  time  they  acquire  the. 
ordinary  eonvolutionary  shapes.  While  this  is  going  on  the  valleys  or  intervals 
between  the  primitive  surface  elevation*  become  narrowed,  and  ultimately  assume 
I  he  linear  slit  -like  form  characteristic  of  the  tituiircs.  These  changes  occur  shortly 
before  birth,  but  are  not  fully  completed  until  after  the  lirst  few  months  cf  infancy. 
The  final  result  of  this  process  is  that,  the  convolutions  come  into  intimate  relation 
with  the  deep  aspect,  of  the  cranial  wall  and  stamp  their  imprint  upon  it. 

It  is  obvious  that  cert  M  in  of  the  later  change*  which  I  have  endeavoured  to 
port  ray  might  be  ascribed  !<,>  a  growth  antagonism  between  the  brain  and  tho 
enclosing  cranium  at  this  period.  In  reality,  however,  it  is  merely  a  process  by 
which  the  one  is  brought  into  closer  adaptation  to  the  other  —  a  using"  up,  as  it,  were, 
of  superfluous  space  and  a  closer  packing  together  of  the  convolutions  —  after  the 
period  of  active  cortical  growth  is  past.  Nevertheless  the  eonvolutionary  pattern 
is  profoundly  alVectcd  Ivy  it,  and  it,  seems  likely  that  in  this  process  we*  find  the 


1  Anatomische  «o*ellschaCtv  Noun,  May  *JS,  18!M.    (.hMnf  Retzuis,  Tranti'<tritch<* 
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explanation  of  the  different  directions  taken  by  the  cerebral  furrows  in  brachy- 
cephalic  and  dolichocephalic  heads. 

The  cortical  elevations  which  rise  on  the  surface  of  the  early  cerebrum  are  due 
to  exuberant  growth  in  localised  areas.  There  cannot  be  a  doubt  that  the  process 
is  intimately  connected  with  the  development  of  function  hi  the  districts  concerned. 
We  know  that  functions  of  different  kinds  are  localised  in  different  parts  of  the 
cortex,  and  when  we  see  an  area  on  the  surface  of  the  early  corobrum  rise  up  in 
the  form  of  an  eminence  we  may  reasonably  conclude  that  the  growth  in  the  area 
concerned  is  the  structural  foundation  of  what  will  become  later  on  a  centre  of 
functional  activity  of  an  acute  kind. 

A  consideration  of  this  matter  gives  the  clue  to  the  simple  convolutions  of  tho 
ape  and  the  complex  convolutions  of  man,  and,  further,  it  explains  how  the  inter- 
rupted  form  of  tissural  development  is  one  of  the  essential  characteristics  of  the 
human  brain  as  compared  \vith  the  simian  brain.  Areas  which  me  up  in  tho 
form  of  one  long  elevation  on  the  surface  of  the  ape's  brain  appear  in  the  form  of 
several  eminences  on  the  surface  of  the  human  brain,  and  fissures  ^  hich  appear 
in  the  form  of  long  continuous  slits  in  the  simian  cerebrum  appear  in  the  human 
cerebrum  in  several  detached  bits,  which  may  or  may  not  in  the  course  of  tirno 
run  into  each  other  and  become  continent.  All  this  is  due  to  the  greater  definition, 
refinement,  and  perfection  of  the  functions  carried  on  in  the  cerebral  cortex  of 
man.  It  is  an  index  of  a  more  complete  *  physiological  division  of  labour'  in  the 
human  brain. 

It  is  not  necessary,  for  the  purpose  I  have  itiuew,  to  enter  into  any  detail 
regarding  the  many  points  of  difference  winch  become  evident  when  the  cerebral 
surface  of  the  ape  is  compared  with  that  of  man.  It  is  more  my  purport  to  indi- 
cate certain  of  the  districts  of  cerebral  cortex  which  have  undergone  a  marked 
increase  in  the  human  brain — an  increase  which  ma\  be  reasonably  supposed  to 
be  associated  with  the  high  mental  attributes  of  man.  To  us,  at  the'pn'senl  time, 
it  is  difficult  to  conceive  how  it  was  ever  possible  to  doubt  that  the  occipital  lobe 
is  a  distinctive  character  of  the  simian  brain  as  well  as  of  the  human  brain,  and 
yet  at  successive  meetings  of  this  Association  (1^(50,  18(51,  and  18(52)  a  discussion, 
which  was  probably  one  of  the  most  heated  in  the  whole  course  of  its  history,  took 
place  on  this  very  point.  One  of  our  greatest  authorities  on  animal  Miucture 
maintained  that  the  occipital  lobe  and  th<»  hippocampus  minor- -an  elevation  in  its 
interior — were  both  peculiar  to  man  and  to  him  ulune.  Everyone  has  read  in  the 
'  Water  Babies '  Charles  Kingsley's  delightful  account  of  this  discusMon.  Speaking 
of  the  Professor  he  says:  'He  held  very  strange  thcork-s  about  a  good  many 
things.  lie  had  even  got  up  at  the  British  Association  mid  declared  that  apes 
had  hippopotamus  majors  in  their  brains  just  as  men  hare.  What  a  shocking 
thing  to  say ;  for  if  it  were  so,  what  would  heroine  of  the  faith,  hope,  and  charity 
of  immortal  millions?  You  may  think  that  there  are  other  more  important 
differences  between  you  and  an  ape,  such  as  being  able  to  speak,  and  make 
machines,  and  know  right  from  wrong,  and  say  your  prayers,  and  other  lit  He 
matters  of  that  kind ;  but  that  is  a  child's  fancy.'  In  the  light  of  our  present 
knowledge  we  can  fully  understand  Professor  Huxley  closing  the  ili.scus?iou  by 
stating  that  the  question  had  '  become  one  of  personal  veracity/  Indeed,  tho 
occipital  Jobe,  so  far  from  being  absent,  is  developed  in  the  ape  to  a  relatively 
greater  extent  than  in  man,  and  this  constitutes  one  of  tho  leading  positive  dis- 
tinctive characters  of  tho  simian  cerebrum.  .Measuied  along  the  mesial  border, 
the  percentage  length  of  the  occipital  lobe  to  tho  total  length  of  the  cerebrum  in 
the  baboon,  orang,  and  man  is  as  follows:— 

Baboon 20-7 

Orang 23-2 

Man 21-2 

But  these  figures  do  not  convey  the  full  extent  of  the  predominance  of 
the  occipital  lobe  in  the  ape.  The  anterior  border  of  the  lobe  grows  forwards 
beyond  its  proper  limits,  arid  pushes  its  way  over  the  parietal  lobe  which  lies  in 
front,  so  as  to  cover  over  a  portion  of  it  by  an  overlapping  lip  termed  the  occipital 
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operculuoi.  There  is  not  a  trace  of  such  an  arrangement  in  the  human  hrain,  and 
even  in  the  anthropoid  ape  the  operculum  has  hecome  greatly  reduced.  Indeed, 
in  man  there  is  exactly  the  reverse  condition.  The  great  size  of  the  parietal  lobe 
is  a  leading  human  character,  and  it  has  partly  gained  its  predominance  by  pushing 
backwards  so  as  to  encroach,  to  some  extent,  upon  the  territory  which  formerly 
belonged  to  the  occipital  lobe.1  A  great  authority'  on  the  cerebral  surface 
refers  to  this  as  a  utruggle  between  the  two  lobes  for  surface  extension  of 
their  respective  domains.  *  In  the  lower  apes/  he  says, '  the  occipital  lobe  proves 
the  victor:  it  bulges  over  ihe  parietal  lobe  as  far  as  the  first  nnnectant  gyrus. 
Already,  in  the  orang,  tin*  occipital  operculuni  has  suffered  a  great  reduction ;  and 
in  man  the  victory  is  on  the  side  of  tin*  parietal  lube  which  presses  on  the  occipital 
lobe  and  begins,  on  its  part,  to  overlap  it.1  Now  that  so  lauoh  information  is 
available  in  regard  to  this  localisation  of  function  in  the  cerebral  cortex,  and 
Flechsig  has  stimulated  our  curiobity  in  regard  to  his  great '  association  areas '  in 
which  the  higher  intellectual  powers  of  man  are  believed  to  reside,  it  is  interesting 
to  speculate  upon  the  causes  which  hav  led  tr>  the  pushing  back  of  the  scientific 
frontier  between  the-  occipital  and  parietal  cerebral  districts. 

The  parietal  lobe  is  divided  into  an  upper  and  a  lower  part  by  a  fissure,  which 
takes  an  oblicjue  course  across  it.  Rudingeiv  who  studied  the  position  and  inclina- 
tion of  this  fissure,  came,  to  the  conclusion  that  it  presents  easily  determined 
differences  in  accordance  with  sex.  race,  and  the  intellectual  capacity  of  th*«  indi- 
vidual. He  had  the-  opportunity  of  studying  the  brains  of  quite  a  number  of 
distinguished  men,  amongst  whom  were  Uischoft*  of  Bonn,  Dolliuger  of  Munich, 
Tiodenmnu  of  Heidelberg,  an-1  l.'-l '.;  -if  Munich,  and  In*  asserts  that  the  higher 
the  mental  endowment  of  an  .mt  :.\:  i  :  ii  the  greater  is  the  relative  extent  of  the 
uppt*r  part  of  the  parietal  lobe. 

There  is  absolutely  no  foundation  for  this  sweeping  assertion.  When  th« 
evolutionary  development  of  the  parietal  part  of  the  cerebral  cortex  is  studied 
exactly  tho  rever>e  condition  becomes  manifest.  It  is  the  lower  part  of  the 
parietal  lobe  which  in  man,  both  in  its  early  development  and  in  its  after  growth, 
exhibits  the  greatest  relative  increase.  Additional  interest  is  attached  to  thi* 
observation  by  the  fact  that  recently  several  independent  observers  have  tixedupon 
this  region  as  one  in  which  thev"belii*ve  that  a  marked  exuberance  of  cortical 
growth  may  be  noted  in  people  of  undoubted  genius.  Thu*  Kctzius  has  stated 
that  such  was  the  case  in  the  brain*  of  the  astronomer  Ilujjo  G\lden,' and  the 
mathematician  Sophie  Kovah'vsky ;  '  HiuiM'iiuum  '•  has  described  a  similar  condi- 
tion iu  the  brain  of  Helmhnltz  ;  and  Guszman7  in  the  brain  of  h'udolph  Lenz,  the 
musician.  .Some  force  is  likewise  added  to  this  \iow  by  FlecliM<r,  who, in  n  recent 
paper,s  lias  culled  attention  to  the  fact  that  within  this  di>tnct  there  are  located 
two  of  his  so-rolled  *  Termiimlgebiete,'  or  cortical  areas  which  attain  their  func- 
tional powers  at  a  later  period  than  those  which  lie  around  them,  and  which  may 
therefore  be  supposed  to  have  specially  hiph  work  to  perform. 

Without  in  any  way  desiring  to  throw  doubt  upon  the  observations  of  these 
authorities,  I  thinli  that  at  the  present  moment  it  would  be  rash  to  accept,  without 

1  It  is  necessary  to  emphasise  this  point,  because  in  Wiedersheim's  strtirtttre  of 
Mttn  we  are  told  that  in  man  there  is  a  preponderance  of  the  occipital  lobe,  and  that 
the  parietal  lobe  is  equally  developed  in  man  and  anthropoids. 

2  Kberstaller,  II  twr  Jfafc/ttiV/jr  Jlhitter,  1SS4,  No.  ID,  p.  5S1. 

a  lieilrngr  :ur  A  art  turn  ie  vml  Kwliryohifiii',  als  Festgabe  .Jacob  Henle,  1882. 

I  Ketzius,  Jiiologhchf  Untcrsitclntngen\  ncue  Folge,  viii.  JSJ)8,'J)as  Gehirn  dcs 
Astronomen  Hugo  Gyldens.' 

5  Itetzius,  Jtinloffitefa  Unter»\tchnngcnt  none  Folge,  ix.  1900,  '  Das  Gehirn  dcr 
Mathematikcrin  Sonja  Kovalevsky.' 

6  Haiisomann,  JSeittchrift  fiir   ItycJwfy/ie  und    Physiologic   tier  Sinnewrgane, 
Band  xx.  Heft  1,  181)9,  *  Uebcr  das  Gehirn  von  Hermann  v.  Helmholtz.1 

'  Josef  Gus/mnn,  Anatomitrttcr  Anzeigcr*  Hand  xix.  Nos.  S)  and  10,  April  1901, 
*  Bcitriigc  zur  Morphologic  dcr  Gehirnobertlilche.' 

II  Flechsig,  *  Neuc  Untersuchungcn  iiber  die  Markbildung  in  den  menschlicheo 
Orosshirnlappen/  ycuroloffucltti  Central  Matt,  No.  21,  1898. 
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further  eudence,  conclusions  which  have  been  drawn  from  the  examination  of 
the  few  brains  of  eminent  men  that  have  been  described.  There  cannot  be  a  doubt 
that  the  region  in  question  is  one  which  has  extended  greatly  in  the  human  brain, 
but  the  association  of  high  intellect  with  a  special  development  of  the  region  is  a 
matter  on  which  I  miist  confess  I  am  at  present  somewhat  sceptical. 

But  it  is  not  only  in  a  backward  direction  that  the  parietal  lobe  in  man  has 
extended  its  territory.  It  has  likewise  increased  in  a  downward  direction.  There 
are  few  points  more  striking  than  this  in  the  evolution  of  the  cerebral  cortex  of 
man.  In  order  that  I  maybe  able  to  make  clear  the  maim  or  in  which  this  increase 
has  been  brought  about,  it  will  be  necessary  for  me  to  enter  into  some  detail  in 
connection  with  the  development  of  n  region  of  cerebral  surface  termed  the  inwlar 
district.  The  back  part  of  the  frontal  lobe  is  also  in\olved  in  this  downward 
extension  of  surface  area,  and,  such  being  the  case,  it  may  be  as  \yell  to  state  that 
the  boundary  which  has  been  fixed  upon  ns  giving1  the  line  of  separation  between 
the  parietal  and  frontal  districts  is  purely  artiiicial  and  arbitrary.  It  is  a  demar- 
cation which  has  no  morphological  significance,  whilst  from  a  physiological  point 
of  view  it  is  distinctly  misleading. 

The  insular  district  in  the  fwtal  brain  is  a  depressed  area  of  an  elongated 
triangular  form.  The  general  surface  of  the  cerebrum  occupies,  all  round  about  it, 
a  more  elevated  plane,  and  thus  the  hiMila  comes  to  be  hounded  b\  distinct  walU, 
like  the  sides  of  a  shallow  pit  dug  out  in  the  ground.  The  upper  wall  is  formed 
by  the  lower  margins  of  the  frontal  and  parietal  lobe**,  the  lower  wall  by  the 
upper  margin  of  the  temporal  lube,  and  the  front  wall  by  the  frontal" lobe. 
From  each  of  these  bounding  walls  a  separate  portion  of  cerebral  cortex 
grows,  and  these  gradually  creep  o\er  tlw  surface  of  the  in>ula  so  as  to  overlap 
it,  and  eventually  completely  cover  it  over  and  exclude  it  from  the  surface, 
in  the  same  way  that  the  lips  overlap  the  teeth  and  gums.  That  which  grow* 
from  above  is  called  the  fronft)-}Mti'tpfttl  ojirrcufrtm,  while  that  winch  irmus  from 
below  is  termed-,  the  tcm]H»r<tl  tyuvrulum.  These  appear  very  early,  and  aru 
responsible  for  closing  over  more  than  the  hinder  three-fourth*  of  the  iusula.  The 
lower  or  temporal  operculum  is  in  the  first  instance  more  rapid  in  its  growth  than 
the  upper  or  fronto-parietal  operculum,  and  thus  it  comes  about  that  when  their 
margins  meet  more  of  the  insula  is  covered  by  the  former  than  by  tin*  latter.  So 
far  the  development  is  apparently  precisely  similar  to  \\hat  iiecurs  in  the  ape. 
The  slit  or  fissure  formed  by  the  approximation  of  the  margin*  of  these  two 
opercula  is  called  the  Sylvian  fissure,  and  it  eoiipfituteH  a  natural  lower  boundary 
for  the  parietal  and  frontal  lobes  which  lie  above  it.  At  fiM,  from  the  more 
energetic  growth  of  the  lower  temporal  operculum,  this  fissure  slanN  \ery 
obliquely  upwards  and  backwards,  and  is  very  similar  in  direction  to  the  corre- 
sponding fissure  in  the  brain  of  the  ape.  Hut  in  the  human  brain  Ihi.s  condition 
is  only  temporary.  Now  begins  that  dowmvard  movement  of  the  parietal  lobe 
and  back  part  of  the  frontal  lobe  to  which  reference  hns  been  made,  The  upper  or 
fronto-parietal  operculum,  in  the  later  stages  of  fietal  life  and  the  earlier  months  of 
infancy,  enters  into  a  growth  antagonism  \vith  the  lower  or  temporal  operculmn, 
and  in  this  it  proves  the  victor.  The  margins  of  tho  two  opercula  are  tightly 
pressed  together,  and,  slowly  but  surely,  the  iron  to*  parietal  opcrciiliim  gains 
ground,  pressing  down  the  tempoial  operculum,  and  thus  extending  tin*,  territory 
of  the.  frontal  and  parietal  districts.  This  is  a  striking  proce,-s  in  the  brain 
development  of  man,  and  it  results  in  a  depression  of  the  Sylvian  fissure  or  the 
lower  frontier  line  of  the  frontal  nnd  parietal  lobes.  Further,  <o  judge  from  the 
oblique  direction  of  the  Svlviaii  Insure  in  the  brain  of  the  npe',  the  process  is 
peculiar  to  man  ;  in  the  simian  brain  there  is  no  corresponding  increase  in  the  area 
of  cerebral  cortex  under  consideration. 

T  do  not  think  that  it  is  dillicult  to  account  for  this  important  <?\pnnsion  of  tho 
cerebral  surface.  In  the  fore  part  of  the  region  involved  are  plnced  the  groups  of 
motor  centres  which  control  the  muscular  movements  of  the  more  important  parts 
of  the  body.  These  occupy  a  broad  strip  of  the  suiface  which  stretcher  across  the 
whole  depth  of  the  district  conceiued.  Within  this  are  the  centres  for  the  arm 
and  hand,  for  the  face,  the  mouth  and  the  throat,  and  likewise,  to  some  extent, 
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the  centre  for  speech.  In  man  certain  of  these  have  undoubtedly  undergone 
marked  expansion.  The  skilled  movements  of  the  hands,  as  shown  in  the  use  of 
tools,  in  writing,  and  so  on,  have  not  been  acquired  without  an  increase  in  tbe 
brain  mechanism  by  which  these  are  guided.  So  important,  indeed,  is  the  part 
played  by  the  human  hund  as  an  agent  of  the  mind,  and  so  perfectly  is  it  adjusted 
with  reference  to  this  office,  that  there  arc  many  who  think  that  the  first  great 
start  which  man  obtained  on  the  pal h  which  has  led  to  his  higher  developmenr 
waft  given  by  the  setting  of  the  upper  limb  free  from  the  duty"  of  acting  aa  an 
organ  of  support  and  locomotion.  Jt  i*  an  old  saying  'that  man  is  the  wisest  of 
animals  because  of  his  hands.'  Without  endorsing  to  its  full  extent  this  view,  1 
think  that  it  cannot  be  a  matter  for  surprise  that  the  district  of  the  cerebral 
cortex  in  man  in  which  the  arm-centres  reside  show:-  a  manifest  increase  in  its  extent. 

In  the  same  region  of  cerebral  cortex,  b:it  at  n  lower  le\el,  there  are  also  situated 
tho  centres  which  nn»  responsible  for  facial  expression,  [n  the  upe  there  is  a  con- 
sider able  degree  of  facial  play :  but  1  his  is  chieily  confined  to  the  region  of  the 
lips;  and  tin*  muscles  of  the  face,  although  present  in  greater  mass,  show  com- 
paratively little  of  the  differentiation  which  is  characteristic  of  the  lighter  and 
more  feeble  muscles  in  thft  face  of  man.  And  then  as  to  the  effect  produced  :  These 
human  muscles  are  capable  of  reflecting  even  fleeting  emotion,  every  change  of 
mind,  and  by  the  lines  and  furrow*  their  constant  UM»  indelibly  fix  on  the  counte- 
nance the  character  and  disposition  of  an  individual  can  to  *ome  extent  be  rend. 
As  the  power  of  communication  between  primiti\e  men  became  »radually  esta- 
blished, facial  movements  \\eiv  iv»  doubt  largely  u*t?<!,  not  only  for  thrj  purpose  of 
giving  expression  t(»  simple  emotions,  such  a*  anger  or  joy,  hut  also  for  giving  point 
and  force  to  the  faltering  speech  of  our  early  progenitors  h\  reflecting  other  con- 
ditions of  mind.  The  acquisition  of  this  power  MH  well  it-*  the  higher  and  more 
varied  powers  nf  vocalisation  mu«*t  necessarily  have  been  accompanied  by  an 
increase  nf  cerebral  cortex  in  the  region  uiicVr  consideration.  And  in  thi*  rnnnec- 
tion  it  i^  u  point  well  worth\  of  imic  that  tin-  area  of  cortex  mapped  nut  in  the 
human  hraiu  l  as  controlling  the  muscles  of  the  face,  mouth,  and  throat  i*  as  large, 
if  not  larger  than  that  allotted  to  tlu>  arm  and  hand,-'  and  \etit  is  questionable  if 
nil  tho  muscles  under  the  sway  of  the  former  would  \\eigh  us  much  as  one  of  the 
larger  in uscle.M  (say  the  triceps)  of  the  arm.  This  is  t-iiflicieat  to  show  that  it  is 
not  muscle  power  which  determines  the  extent  of  the  motor  areas  in  the  cerebral 
cortex.  Jt  i*  the  degree  of  refinement  in  the  movements  required,  as  well  as  the 
degree  of  variety  in  muscle  combinations,  which  apparent!}  del  ei  mines  the  amount 
of  ground  cohered  by  n  motor  centre. 

Still,  the  increase  in  the  amount  of  cerebral  cortex  in  man  due  to  the  greater 
refinement  of  movement  acquired  by  different  groups  of  muscles  is  relatively 
small  in  comparison  with  the  increase  which  lias  occurred  in  other  regions  from 
which  no  mot  or  fibres  are  sent  out,  and  which  therefore  have  no  direct  conncc- 
t  ion  with  muscles. 

The  remarkable  conclusions  arrived  at  by  FJccliMir,  although  not  confirmed 
nml  accepted  in  all  their  details,  have  tended  greatly  to  dear  up  much  that  was 
obscure  in  the  relations  of  the  different  districts  of  cerebral  cortex.  More  particu- 
larly has  he  IMH»II  able  to  apportion  out  more  accurately  the  different  values  to  bo 
attached  to  the  sc\crnl  areas  of  the  cerebral  surface.  He  ha«  shown  that  fully  two 
thirds  of  the  cortex  in  the  human  brain  constitute  what  he  terms  'association 
centres.'  Within  these  the  higher  intellectual  manifestations  of  the  hraiu  have 
their  origin,  and  judgment  ami  memory  ha \e  their  sent.  They  are  therefore  to 
lx»  regarded  as  the  psychic  centres  of  the  cerebral  cortex. 

1  See  diagram  in  .Schjifcr's  article  on  the  'Cerebral  Cortex  '  in  his  recent  work  on 
physiology. 

'-'  The  comparison  only  refers  to  surface  area,  :ind  this  is  not  sm  absolutely  tme 
criterion  of  the  re.lal  i\e  amount-  of  cortex  in  each  region.  The  arm-centre  has  a  large 
amount,  of  cortex  stowc.d  away  \vithin  the  iusMirc  of  Kolando  in  the  sha{>e  of  inter- 
locking gyri  which  is  not  taken  into  account  in  a  measurement  confined  to  the  super- 
ficial surface  area.  Still,  thi<  docs  not  to  any  j^reat  degree  detract  from  the  argu 
mcut  which  follows,  seeing  that  the  di>crcpaney  is  still  sufficiently  marked. 
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Now,  it  requires  a  very  slight  acquaintance  with  the  cerebral  surface  to  perceive 
that  the  great  and  leading  peculiarity  of  the  human  train  is  the  wide  extent  of 
these  higher  association  centres  of  Flechsig.  Except  in  connection  with  new 
faculties,  such  as  speech,  there  has  been  relatively  no  striking-  increase  in  the  extent 
of  the  motor  areas  in  man  as  compared  with  the  cortex  of  the  ape  or  the  idiot,  but 
the  expansion  of  the  association  areas  is  enormous  and  the  increase  in  the  frontal 
region  and  the  back  part  of  the  parietal  region  is  particularly  well  marked.  It  is 
this  parietal  extension  of  surface  which  is  chiefly  responsible  for  the  pushing  down 
of  the  lower  frontier  of  the  parietal  lobe  and  the  consequent  enlargement  of  its 
territory. 

I  have  already  referred  to  the  views  which  have  been  recently  urged  by  several 
independent  observers,  that  in  the  men  who  have  been  distinguished  during  life 
by  the  possession  of  exceptional  intellectual  power,  this  region  has  shown  a  very 
special  development. 

It  is  a  curious  circumstance,  and  one  which  is  worthy  of  coiibiderat  ion,  that  in 
the  left  cerebral  hemisphere  the  Sylvian  fissure  or  the  lower  boundary  of  the 
parietal  lobe  is  more  depressed  than  in  the  right  hemisphere,  and,  as  a  result  of 
this,  the  surface  area  occupied  by  the  parietal  lobe  is  greater  on  the  left  side  of  the 
brain  than  on  the  ripht  side.  To  the  physiologist  it  is  a  matter  of  every-day 
knowledge  that  the  left  cerebral  hemisphere  shows  in  certain  directions  a  marked 
functional  pre-eminence.  Through  it  the  movements  of  the  right  arm  and  right 
side  of  the  body  are  controlled  and  regulated.  Within  it  is  .situated  also  the  active 
speech  centre.  This  does  not  imply  that  there  is  no  speech  centre  on  the  right 
side,  but  simply  that  the  left  cerebral  hemisphere  has  usurped  the  chief,  if  not  the 
entire,  control  of  this  all-important  function,  and  that  from  it  are  sent  out  the  chief 
part,  if  not  the  whole,  of  the  motor  inch ations  which  gi\e  rise  to  speech.  Th« 
significance  attached  to  the  dominant  power  of  the  left  hemisphere  receives  force 
from  the  now  well  established  fact  that  in  left-handed  individuals  the  speech  func- 
tion is  also  transferred  over  to  the  right  side  of  the  brain.  To  account  for  this 
functional  pre-emiuence  of  the  left  cerebral  hemisphere  numerous  theories  have 
been  elaborated,  llie  interest  attached  to  the  subject  is  verv  considerable,  but  it 
is  impossible  on  the  present  occasion  to  do  moro  than  indicat"  in  the  briefest 
manner  the  three  views  which  have  apparently  had  the  widest  influence  in  shaping 
opinion  on  this  question.  They  arc:  (I)  that  the  superiority  of  the  left  cerebral 
hemisphere  is  due  to  its  greater  weight  and  bulk  ;  (:?)  that  it  maybe  accounted  for 
by  the  greater  complexity  of  the  convolutions  on  tin?  left  bnin  and  the  fact  that 
these  make  their  appearance  earlier  on  the  left  side  than  on  the  right  side ;  (8)  that 
the  explanation  lies  in  the  fact  that  the  left  bide  of  the  brain  enjoys  greater 
advantages  in  regard  to  its  blood  supply  than  the  right  >ide. 

Not  one  of  these  theories  when  closely  looked  into  is  found  to  possess  the 
smallest  degree  of  value.  JSraune  '  has  shown  in  the  most  conclusive  manner  that 
if  there  is  any  difference  in  weight  between  the  two  hemispheres  it  is  a  difference 
in  favour  of  the  right  and  not  of  the  left  hemisphere ;  and  I  may  add  from  my  own 
observations  that  this  is  evident  at  all  periods  of  growth  and  development. 
Equally  untrustworthy  are  the  views  that  have  been  put  forward  as  to  the  superiority 
of  the  left  hemisphere  from  the  point  of  view  of  convolutionary  development.  I 
am  aware  that  it  is  stated  that  in  two  or  three  cases  where  the  brains  of  left- 
handed  people  have  been  examined  this  superiority  was  evident  on  tho  right 
hemisphere.  This  may  have  been  so;  I  c»n  only  speak  for  the  largo  percentage 
of  those  who  are  right-banded :  and  I  have  never  been  able  to  satisfy  myself  that 
either  in  the  growing  or  fully  developed  brain  is  there  any  constant  or  marked 
superiority  in  this  respect  of  the  one  side  over  the  other ;  and  I  can  corroborate 
Ecker  2  in  his  statement  that  there  is  no  proof  that  the  convolutions  appear  earlier 
on  the  one  side  than  the  other.  The  theory  that  an  explanation  is  to  be  found  in 
a  more  generous  blood  supply  to  the  left  hemisphere  is  more  difficult  to  combat, 

1  *  Da*  Gewichtsverhaltniss  dor  rechten  zur  linkcn  Hirnhiilfte  bcim  Monschen,' 
ArcJiivfur  Anat. 

3  ArcMvfdr  AnthropoUtfie,  1868,  Bel.  cxi. 
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because  the  amount  of  blood  received  by  each  side  of  the  brain  depends  upon  two 
factors,  viz,,  the  physical  conditions  under  which  the  blood-stream  is  delivered  to 
the  two  hemispheres  and  the  calibre  of  the  arteries  or  tubes  of  supply.  Both  of 
these  conditions  have  been  stated  to  be  favourable  to  the  left  hemisphere.  It  is 
a  matter  of  common  anatomical  knowledge  that  Iho  supply  pipes  to  the  two  sides 
of  the  brain  are  laid  down  honiewhat  differently,  and  that  tji«  angles  of  junction, 
&c.,  with  the  main  pipe  are  not  quite  the  same.  Further,  it  is  true  that  the  blood* 
drains  which  lead  uway  the  blood  from  the  brain  are  somewhat  different  on  the 
two  wdes.  "Whether  this  would  entail  any  uiarknl  difference  in  the  blood-pressure 
on  the  two  sides  I  am  not  prepared  to  say.  This  could  only  be  proved  experi- 
mentally;  but,  taking  all  the,  conditions  into  consideration,  1  am  not  inclined  to 
attach  much  importance  to  the  argument.  It  is  easy  to  deal  with  th*  loosu  state- 
ments which  have  been  made  in  regard  to  the  size  of  leading  supply  pipe  (viz.,  the 
internal  carotid  artery).  It  passes  through  a  bony  canal  in  the  floor  of  the  cranium 
on  its  way  into  the  interior  of  the  cranial  box.  Its  size,  can  therefore  be  accurately 
gauged  by  measuring  the  sectional  areu  ot'  this  bony  tunnel  on  each  side.  This  I 
have  done  in  twenty-three  skulls  chor*eii  at  random,  and  the  result  shows  that 
considerable  differences  in  this  respect  are  to  be  found  in  different  skulls.  These 
discrepancies,  however,  are  sometimes  in  favour  of  the  one  side  and  at  other  times  in 
favour  of  the  other  side;  and  when  the  combined  sectional  area  for  all  the  skulls 
examined  was  calculated  it  was,  furiously  enough,  found  to  be  583J  &q.  mm. 
for  the  left  side  and  5^3  sq.  mm.  tor  the  right  side. 

Leaving  out  of  count  the  asunmetry  in  the  .•.••.•ir.r-'-nvT.t  of  the  convolutions 
in  the  two  hemispheres,  which  cannot  by  any  amount  of  ingenuity  be  twisted  into 
such  a  form  as  to  give  u  structural  superiority  to  one  side  more  ttfaii  the  other,  the 
onh  marked  diffeience  which  appears  to  poppers  any  degree  of  constancy  is  tho 
increase  in  the  territory  of  tin-  Mt  parietal  lobe  product  by  the  more  marked 
depression  of  its  lower  fiontier  line,  (Svlvian  tissure).  That  this  is  in  any  way 
associated  with  ri^ht-lwudedne>s  or  with  the  localisation  of  the  active  speech 
centre  in  the  left  hemisphere  I  am  not  prepared  to  urge,  because  the  same  con- 
dition is  present  in  the  aj-e.  It  is  true  that  some  authorities  l  hold  that  the  ape  is 
right-handed  as  -well  as  ninn,  but  iu  the  gardens  of  the  Jloval  /oological  Society 
of  Ireland  I  luuehad  a  lung  ami  intimate  experience  of  both  anthropoid  and  lower 
i\\Y'i*.  and  I  him*  ne\er  been  iibl"  to  Nil i*fy  myself  that  they  show  any  decided 
prefrivnee  for  tlie  use  of  one  arm  more  than  the.  other. 

That  differenci-s  do  e\i-t  in  the  more  intimate,  structural  detail*  uf  the  two 
hem'spherps,  which  pve  to  the  left  it.-  functional  superiority,  then*  cannot  be  a 
doubt  ;  but  tlie-e  have  >till  1«>  be  di*i:o\f»red.  llaMiiiii  ha-*  stated  that  tho  grey 
cortex  on  tho  left  side  has  a  higher  specific  gravity,  but  this  statement  has  not  as 
yet  received  corrohoration  at  the  hands  ot  other  oWrvers. 

1  have  already  mentioned  that  man's  special  endowment,  th»»  faculty  of  speech, 
is  associated  with  striking  changes  in  that  part  of  the  cerebral  Mirface  in  which  tho 
motor  centre  for  articulate  speech  is  located.  It  l»  questionable  whether  the  acquisi- 
tion of  any  other  system  of  associated  muscular  movements  has  been  accompanied 
by  a  more  evident 'cortical  change.  The  centre  in  question  is  plnced  in  the  lower 
and  back  part  of  the  frontal  lobe.  "Wo  have  seen  th«t  the  insular  district  is  covered 
over  in  the  hinder  three  fourths  of  its  extent  by  tho  fronto-parietal  and  temporal 
opercula,  and  thus  submerged  below  the  surtace  and  hidden  from  view.  The 
brain  of  the  ape  and  also  of  tho  microcephalic  idiot  with  defective  speech  goes  no 
further  in  it  s  development.  The  front  part  of  the  insular  district  remains  uncovered 
Riid  exposed  to  view  on  the  surface  of  the  cerebrum.  In  man,  however,  two  addi- 
tional operoula  grow  out  and  ultimately  cover  over  the  fore  part  of  the  insula. 
These  opercula  belong  to  the  lower  and  back  part  of  the  frontal  lobe,  and  are  to  be 
looked  upon  as  being  more  or  less  directly  called  into  evidence  in  connection  with 
the  acquisition  of  articulate  speech. 

The  active  speech  centre  is  placed  in  the  left  cerebral  hemisphere.    We  speak 

1  Ogle, '  On  Dextral  Pre-eainence,*  Trans.  Mcd.  Ckirurg.  Soc..  1871 ;  Aim6  Pere, 
Z&  Cowburc!!  latcralcs  normales  au  rachis  Jwmain.  Toulouse,  1000. 
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from  the  loft  side  of  the  brain,  and  yet  when  the  corresponding  region  '  on  the  tight 
side  is  examined  it  is  found  to  go  through  the  same  developmental  steps. 

The  .stimulus  which  must  have  been  jriven  to  general  cerebral  growth  in  the 
association  areas  by  the  gradual  acquisition  of  .speech  can  hardly  be  exaggerated. 

During  the  whole  course  of  his  evolution  there  is  no  pobbe&ion  which  man 
lias  contrived  to  acquire  which  has  exercised  a  stronger  inlluence  on  his  higher 
development  than  the  power  of  articulate  speech.  This  priceless  gift,  'the  mobt 
human  manifestation  of  humanity ' — (Huxley) — was  not  obtained  through  the  exer- 
tions of  any  one  indi \idutil  or  group  of  individuals.  It  is  the  result  of  a  slow 
process  of  natural  growth,  and  there  is  no  race,  no  matter  how  low,  savage,  or 
uncultured,  which  does  not  possess  the  power  of  communicating  its  ideas  by  mean* 
of  speech.  '  If  in  the  present  state  of  the  world,7  says  ( 'huruia,  '  M>mo  philosopher 
were  to  wonder  how  man  ever  began  to  build  those  houses,  palaces,  and  vessels 
which  we  see  around  us,  we  should  answer  that  these  were  not  the  things  that 
man  began  with.  The  savage  who  first  tied  the  branches  of  shrubs  to  make  him- 
self a  shelter  was  not  an  architect,  and  he  who  lir>t  iloated  on  the  trunk  of  a  tree 
was  not  the  creator  of  navigation/  And  so  it  is  with  speech.  Rude  and  imperfect 
in  its  beginnings,  it  has  gradually  beun  elaborated  by  the  successive  generations 
that  have  practised  it. 

The  manner  in  which  the  faculty  of  speech  originally  a>&uiued  shape  in  the 
early  progenitors  of  man  has  been  much  di&ciibsed  bv  Philologist^  and  Ps\  chologLsts, 
and  there  is  little  agreement  on  the  subject.  It  is  ob\ious  thai  all  the  more 
intelligent  animals  share  with  man  the  power  of  giving  expression  to  certain  of 
the  simpler  condition*  of  mind  both  by  vocal  Bounds  and  by  bodily  gestures. 
Thebe  vocal  sounds  are  of  the  interactional  order,  and  are  expre.«&ive  of  emotions 
or  sensations.  Thus  the  dog  is  *aid,  as  11  nvult  of  its  domestication,  to  have 
acquired  the  power  of  emitting-  four  or  five,  ditlcrent  tones,  each  indicative  of  a 
special  mental  condition  and  each  fully  understood  by  its  companions.  The 
common  barn-donr  fo\\l  ha-»  also  been  credited  \\ith  from  nine  to  twelve  distinct 
vocal  sounds,  each  of  which  is  capable  nf  a.  .special  interpretation  by  is  fello\\s 
or  its  chickens.  The  gestures  employed,  by  the  lower  animals  may  in  certain 
cases  l>e  facial,  as  expressed  by  the  grimace*  of  a  monkey,  or  changes  in  bodily 
attitude,  as  we  -oe  continually  in  th«  dog. 

1  think  that  it  may  not  bo  unreasonably  inferred  that  in  the  distant  past  the 
remote  profrenitors  of  man  relied  upon  eqti.illv  lowly  means  of  communicating 
with  their  fellows,  and  that  it  wn&  from  such  bumble  be^iniiin^rs  (hat  bpeucli  has 
been  slowly  evohed. 

There  cannot  be  a  doubt  that  this  method  of  commnnicatinjr  by  vocal  sounds, 
facial  expression,  and  bodily  gesture**  is  capable  of  much  elaboration  ,  and.  further, 
it  is  possible, as  .some  hold, that  it,  may  have  attained  a  considerable  degree  of  per- 
fection before  articulate  speech  bepran  to  take  form  and  gradually  leplace  it. 
Much  of  it  indeed  remains  with  us  to  the  present  day.  A  shrug  of  the  .shoulders 
may  be  more  eloquent  than  the  most  carefully  prepared  phra.se  ;  an  appropriate 
expression  of  face,  accompanied  by  a  suitable  ejaculation,  may  be  more  withering 
than  a  Hood  of  invective.  ('apUin  llurton  tell-  us  of  a  tribe  of  North  American 
Indians  whose  vocabulary  i.*»  M>  scanty  that  they  can  hardly  carry  on  a  conversa- 
tion in  the  dark.  This  and  other  facts  ha\e.  led  Mr.  Tylnr,  to  whom  we  owe  so 
much  in  connection  with  the  early  history  of  man,  to  remark:  *  The  array  of 
evidence  in  favour  of  the  existence  of  tribes  \\huM5  language  i>  incomplete  without 
the  help  of  (rvfturu-M^riip.  even  for  things  of  ovdimtrv  import,  is  very  remarkable* : 
and,  further,  'that  this  constitutes  a  telling  argument  in  favour  of  the  theory  1hnt 
L'- -iup- -jiiijTi:,'!.--- is  the  original  utterance  of  mankind  out  of  which  speech  has 
developed  it&oit  more,  or  loss  fully  among  di Heron t  tribes.'  Lt  Is  u  significant  fact 
also,  as  the  same  author  points  out,  that  gesture-language  is,  to  a  large  extent,  the 
same  all  the  worlo!  over. 

1  Rudinger  and  others  have  tried  on  very  unsubstantial  grounds  to  prove  that 
there  i.s  a  difference  in  this  region  on  the  two  side*,  of  the  brain.  There  la,  of  course, 
ab  a  sale* marked  asymmetry ;  but  I  do  not  think  that  it  can  be  said  with  truth  that 
the  cortical  development  of  the. region  id  greater  on  the  left  side  than  on  the  right ^ 


TRANSACTIONS  OF  SECTION  M.  787 

Many  of  the  words  employed  in  early  speech  were  undoubtedly  formed,  in  the 
first  instance,  through  the  tendency  of  man  to  imitate  the  natural  sounds  he  hoard 
around  him.  To  the*c  sounds,  with  various  modifications,  was  assigned  a  special 
conventional  value,  and  they  were  then  added  to  the  growing  vocabulary.  By 
this  means  a  very  decided  forward  step  was  taken,  and  now  primitive  man  became 
capable  of  giving  utterance  to  his  perceptions  by  imitative  sounds. 

Max  M  tiller,  although  bitterly  opposed  to  the  line  of  thought  adopted  by  the 
*  Imitative  School' of  philologists,  has  expressed  their  >iews  so  well  that,  J  am 
tempted  to  use  the  words  ho  employed  in  explaining  what  Ins  satirically  branded 
in  the  '  Jtow-wow  Theory/  He  says  :  *  It  is  supposed  that  man,  being  yet  mute, 
heard  the  voices  of  the  birds,  dogs,  and  cows,  the  roaring  of  th«  s<:ii,  the  rustling  of 
the  forest,  the  murmur  of  the  brook,  and  the  whisper  of  the  breeze,  lie  tried  to 
imitate  these  sounds,  and  finding  his  mimicking  cries  useful  as  signs  of  the  object 
from  which  they  proceeded,  he  followed  up  the  idea  and  elaljorated  language,' 

Hood  !  humorously  and  unconsciously  illustrates  this  doctrine  by  a  verse 
descriptive  of  an  Englishman,  ignorant  of  French,  endeavouring  to  obtain  a  meal 
in  France : — 

4 "  Moo  ! "  I  cried  for  milk ; 
If  I  wanted  bread 
My  jaws  1  set  agoing ; 
And  asked  for  nuw-laid  eggs 
By  clapping  baud*  and  crowing/ 

Tint,  although  much  of  early  articulate  speech  may  have  arisen  by  the  development 
of  interjectional  sounds  and  the  reproduction,  by  the  human  vocal  organs,  of 
natural  sound*,  it  is  very  unlikely  that  these,  afforded  tin*  only  sources  from  which 
word*-  were  originally  darned.  1'oinni.i^  insists  upon  thi>.  «i,df  in  suppcit  of  his 
argument,  refers  t«»  case*  A\ here  childr'-n  uncut  ;i  hin<!U;iyv  in  \\hich  apparently 
iinit;iti\e  *>oun<U  t.iln1  no  part.  He  likrun-r  allude*  t-»  the  ^ell-known  fact  that 
<leaf  mute-  oeca'-ii'iiallv  uVvi.-«'  c'<  linste  sounds  \\hirh  stand  for  the  imiiies  of 
friends.  In  the  light  of  sucli  c\  ideucc,  !««•  \« : y  properly  asK-,  *  Why  should  it  be 
held  impos-iibh*  for  primitive  man  to  hnxr  don»»  ihii  samer  * 

The  \alne  of  spoken  language.  a>  an  iiiMrnnii'iit  of  thought,  is  imhereally 
admitted,  :m<l  it  i««  a  matter  incapable  of  contradiction  that  the  higher  intellectual 
etlorls  of  man  Mould  he  absolutely  inipn^>il)l»»  were  it  not  for  the  support  which  is 
nil'orded  by  articulate  >peerh.  Darwin  e.xprex^'s  this  -\\ell  when  ho  says:  "A 
complex  train  of  thought  ean  no  mnri-  be  rariied  cm  \\ithout  the  aid  of  words, 
whether  spoken  or  silent,  than  a  long  calculation  without  the  u.-»e  of  figures  or 
syuihol-*/  Such  lieinjr  the  case,  1  think  we  may  conclude  that  the  acquisition  of 
speech  hns  IM»CH  a  dominant  factor  in  determining  the  high  devt lopuient  of  the 
human  brain.  Speech  nnd  menial  acti\  ity  iro  hand  in  Land.  The  one  has  reacted 
on  the  other.  The  mental  eil'ort  required  for  the  coining  of  a  new  word  has  been 
immediately  followed  by  nn  increased  possibility  of  further  intellectual  achieve- 
ment through  the  additional  range  given  to  the  mental  powers  by  the  enlarged 
vncabiilan.  rl he  t^o  processes,  mutually  >uppurt tncr  each  other  and  lending  to 
]»rogress  in  the  t\\o  directioiKs,  have  uiujuestiouaMy  yielded  the  chief  stimulus  to 
brain  (irxelojmient. 

Mf»ro  than  one  PhilologiM.  has  insisted  that  '  language  begin**  where  inter- 
jection ends/  For  my  part  J  would  say  that  the  first  >\ord  uttered  expressive  of 
an  external  object  marked  a  new  era  iu  the  history  of  our  early  progenitors.  At 
thiv  point  the  simian  or  brute-like  stage  in  their  d«'\elo|iinenlal  career  came  to  an 
end  and  the  human  dynasty  endowed  >\ith  all  its  intellectual  pos? hibil it ies  began. 
This  is  no  new  thought,  iioiuaneh  clearly  .states  that  in  the  absence,  of  articulation 
Iw  i-onsitlers  it  improbable  that  man  would  have  made  much  psychological 
advance  upon  the  anthropoid  ape,  nnd  in  another  place  he  remarks  that  'a  man- 
like creature  became  human  by  the  power  of  speech/ 

The  period  in  the  evolution  of  mun  at  which  this  important  step  was  taken  is 

*  Quoted  from  Z7/<  Orjni  rf  Lt.ngit(tjtt  by  Hen&leigb  Wedgwood, 
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a  vexed  question  and  one  in  the  solution  of  which  we  have  little  solid  ground  to 
go  upon  beyond  the  material  changes  produced  in  the  brain  and  the  consideration 
of  the  time  that  these  might  reasonably  he  supposed  to  take  in  their  development. 

Darwin  was  inclined  to  believe  that  articulate  speech  cumo  at  an  early  period 
in  the  history  of  the  stem-form  of  man.  liomunes  gives  a  realistic  picture  of  an 
individual  decidedly  superior  to  the  anthropoid  ape,  but  distinctly  below  the  exist- 
ing savages.  This  hypothetical  form,  hull-simian,  half-human,  was,  according  to 
his  sponsor,  probably  erect ;  he  hud  arrived  at  the  power  of  shaping  Hints  as  tool;*, 
and  was  a  great  adept  at  communicating  with  his  fellows  by  gesture,  \ocul  tones, 
and  facial  grimaces. 

AVith  this  accomplished  ancestor  in  his  mental  eye  it  is  not  surprising  that 
Romanes  was  inclined  to  consider  that  articulate  speech  may  ha\o  come  at  a  later 
period  than  is  j-  •  r1  illy  -  :,•  :  osed. 

At  the  timt  •'• ..:  li  i',..1!-  -  gave  expression  to  these  views  he  was  not  acquainted 
with  the  very  marked  structural  peculiarities  which  distinguish  the.  human  brain 
in  the  region  of  the  speech  centre.  I  do  not  refer  to  the  development  of  the  brain 
in  other  districts,  because  possibly  Romano*  might  have  held  that  the  numerous 
accomplishments  of  his  speechless  ancestor  might  be  sufficient  to  account  for  tin* ; 
I  merely  allude  to  changes  which  may  reasonably  be  held  to  ha\e  taken  place  in 
direct  connection  with  the  gradual  acquisition  of  speech. 

These  structural  characters  constitute  one  of  the  leading  peculiarities  of  the 
human  cerebral  cortex,  and  are  totally  absent  in  the  brain  of  the  anthropoid  apo 
and  of  the  speechless  microcephalic  idiot. 

Further,  it  is  significant  that  in  certain  anthropoid  brains  a  slight  advance  in 
the  same  direction  may  occasionally  be  faintly  traced,  whiUt  in  certain  human 
brains  a  distinct  backward  step  is  sometimes  noticeable.  The  path  which  has  led 
to  this  special  development  is  thus  in  some  measure  delineated. 

It  is  certain  that  these  structural  additions  to  the  human  brain  an •  no  rewnt 
acquisition  by  the  stem-form  of  man,  but  are  t lit*  result  of  u  clow  rvolutionnry 
growth— a  growth  .which  has  been  stimulated  by  the  laborious  eiloits  of  countless 
generations  to  arrive  at  tho  perfect  co-ordination  of  all  the  muscular  factoir*  which 
are  called  into  play  in  the  production  of  articulate  speech. 

Assuming  that  the  acquisition  of  speech  has  afforded  the  chief  >timulu."  to  the 
general  development  of  the  brain,  and  thereby  pi\  ing  it  a  rank  high  above  any 
other  factor  which  has  operated  in  the  e\  "hit  ion  of  man,  it  \\ould  he.  wrong  10  lo>e 
sivht  of  the  fact  that  the  first  step  in  this  upward  movement  must  IIJIVM  born  takeiv 
by  the  brain  itself.  Soiw  cerebral  variation  --probably  1  rifling  and  inMcfiniicant 
ai  the  start,  and  yet  pregnant  with  the  most  fur-reaching  possibilities — has  in  the 
Atom-form  of  man  contributed  that  condition,  which  has  rendered  speech  possible. 
This  variation,  strengthened  and  fostore-l  by  natural  selection,  1ms  in  the  ciul  led 
to  the  great  double  result  of  a  larp«»  brain  with  wide  and  extensive  iiswocinf  ion, 
areas  and  articulate  speech,  tho  two  results  being  brought  about  by  the  mutual 
reaction  of  the  one  process  upon  tho  uthur. 


The  following  Papers  and  Reports  were  read : — 

1.   The  Cartilage  of  the  External  Ear  iu  tlw  Monotrenwta  in  relation  to 
the  Human  Ear.     By  Professor  J.  CLELAND,  F.1LS. 

±  On  the  Origin  of  the  Cartilage  of  the  Mapes  ami  on  ite  Continuity  with 
the  Hyoid  Arch.    By  J.  F.  GEMMILL,  J/.J0. 

The  series  of  &ections  exhibited  showed  thai-  in  the  human  subject  the  nhol* 
of  the  c.:r:ii,iLv  ••!'  the  stapes  is  developed  independently  of  the  neriotic  capsule, 
and  thai  ;•  U-linr?  to  the  hyoid  bar.  The  sections  aUo  iflur.trate  the  conditiou  at 
different  stages  of  that  part  of  the  hyoid  bar  which  lies  between  the  btapes  and 
the  styloid  procec*.  AB  examination  of  all  the  sections  m  the  different  series 
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supports  the  view  that  the  incus  represents  the  primitive  suspensorial  element, 
i.e.,  the  hvo-mandibular. 


3.  The  President's  Address  was  delivered. — See  p.  776. 


\.  Some  Notes  on  the  Morphology  of  Transverse  Vertebral  Processes. 
By  Professor  A.  MACALISTER,  M.D.,  LL.D.,  F.R.S. 

The  application  of  this  term  in  the  description  of  the  several  regions  of  the 
human  spine  is  unsatisfactory,  and  the  author  has  endeavoured  to  determine,  by 
embryological  evidence,  the  morphological  relations  of  the  several  parts  of  the 
neural  arch.  The  factors  which  cause  the  differentiation  are  the  juxtaposition  of 
the  rib  and  the  variable  relations  of  the  arch  to  the  surrounding  muscles. 


•r>.  A  Note  on  the  Third  Occipital  Condyle. 
By  Professor  A.  MACALISTER,  M.D.,  LL.D.\  F.R.S. 

There  arc*  two  structures  confused  under  this  name — one  a  mesial  ossification 
in  the  sheath  of  the  notochord,  and  the  second  a  lateral,  usually  paired,  form  of 
process,  caused  by  the  deficiency  of  the  mesial  part  of  the  hypochordal  element  of 
the  hindmoht  occipital  vertebra,  with  thickening  of  the  lateral  portion  of  the  arch. 


0.  Not™  on  a  Human  Sknllfonnd  in  Peat  in  Bed  of  the  Rir*,r  Orwell, 
Ipwvich.     By  Miss  NINA  F.  LAYARD. 

This  skull  was  obtained  in  January  last  from  the  captain  of  a  dredger  employed 
on  the  river  Orwell  at  Ipswich.  It  was  found  when  deepening  the  channel  in 
May  of  hint  year.  After  working  out  the  overlying  mud  a  bed  of  peat  was 
reached.  Thin  was  in  such  a  dry  condition  that  it  choked  the  machinery.  As 
nearly  as  could  be  estimated,  the  skull  was  found  embedded  in  the  peat  at  a  depth 
of  about  4  feet.  After  being  dredged  up  it  was  rescued  by  the  captain,  and  for 
nine  months  remained  hoisted  on  a  pole  in  the  dredger,  exposed  to  the  wind  and 
weather.  The  skull  was  very  black  when  first  found,  but  in  course  of  time 
became  bleached.  Some  oil  dropping  upon  it  from  the  machinery  above  gave  it 
its  present  brown  appearance.  One  side  of  the  skull  is  much  worn  away  by 
exposure  to  the  air  and  moisture,  while  the  other  side  is  almost  perfect, 

In  February  last  the  writer  presented  the  skull,  which  was  exhibited,  to  the 
Rovnl  1  'ollege  of  Surgeons,  and  Professor  Stewart  has  made  the  following 
measurements  :-  ('.,  5;JO;  L,.  188  ;  H,  140;  JJi.,  745  :  II.,  JtfS;  Hi.,  707  ;  B.N., 
101  ;  ()\v.,  37;  Oh.,  1.1);  Oi.,  784;  Ca..  1,570. 


7.  Interim  Report  of  the  Committee  on  Anthropological  Teaching. 


8.  Interim  Report  of  tkfi  Committee  on  the  Preservation  and  Registration 
of  Photographs  of  Anthropological  Interest. 


1901.  3  F 
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Fill  DAY,   SEPTEMBER  13. 
The  following  Papers  and  Reports  were  read : — 

lt  Notes  on  the  Excavation  of  an  ancient  Kitchen  Midden  recently 
discovered  on  the  St.  Ford  Links,  near  Elie,  Fife.  By  ROBERT 
MUNRO,  M.D.1 

After  narrating  the  circumstances  which  led  to  the  discovery  of  the  midden, 
and  describing  the  details  of  its  subsequent  excavation  by  the  proprietor, 
W.  Baird,  Esq.,  the  author  proceeds  to  give  a  description  of  the  relics,  pointing 
out  their  analogy  to  other  Scottish  remains,  and  concludes  by  briefly  stating  some 
of  the  conclusions  suggested  by  the  archaeological  facts  recorded.  The  points  of 
interest  may  be  thus  summarised : — 

(1)  The  midden  was  composed  of  a  bed  of  dark  earthy  matter,  about  two  feet 
thick,  containing  ashes,  charcoal,  decayed  bones  and  horns  of  various  domestic  and 
wild  animals,  a  few  sea-shells,  and  some  relics  of  human  occupancy.     It  lay  over 
a  bed  of  fine  sand,  within  the  twenty-five  feet  raised  beach,  and  at  a  depth  of  from 
two  to  five  feet  beneath  a  grassy  mound  (formerly  a  sand-dune).    Its  shape  was 
oblong,  some  sixteen  paces  in  length  (north  to  south)  by  eleven  in  breadth,  and 
its  margins  were  precisely,  sometimes  abruptly,  defined  from  the   .-  nn-  iis.liiij- 
blown  sand. 

(2)  The  chief  relics  are  two  ornamental  toilet  combs  (fragmentary),  a  bone 
spindle-whorl  turned  on  the  lathe,  a  few  bone  pens  and  implements  of  deer.horn,  a 
curious  vessel  made  from  the  leg  bone  of  an  ox,  an  eel-spear-head,  and  a  chisel  of 
iron,  a  small  portion  of  thin  bronze,  and  two  fragments  of  a  flat  dish  of  '  false 
Samian '  ware. 

(3)  From  a  comparison  of  these  relics  with  some  of  those  found  on  the  Scottish 
Crannogs  the  autjxor  dates  the  midden  and  its  makers,  approximately,  to  the 
eighth  century,  and  gives  reasons  for  supposing  that  it  was  the  site  of  a  wooden 
house. 

(4)  The  presence  of  an  unusually  large  number  of  water-worn  pebbles  which 
had  been  subjected  to  fire,  together  with  the  absence  of  culinary  pottery,  querns, 
and  hammer-stones,   suggest,  that  the    occupants    were  not  agriculturists,  but 
pastorals  and  hunters,  who  cooked  their  meat  in  wooden  dishes,  boiling  water  by 
means  of  stones  previously  made  red-hot  in  an  open  fire. 

(5)  The  osseous  remains  were  very  abundant,  but  greatly  decayed.     Among  the 
animals  represented  by  them  the  following  were  identified  by  Dr.  II.  Traquair, 
F.Il.S.,  viz.— ox  (two  varieties,  one  being  the  longifrons),  sheep,  pig,  horse,  fox, 
dog,  red-  and  roe-deer,  three  portions  of  bones  of  some  species  of  whale,  one  of 
which  showed  the  marks  of  a  sharp  axe. 

2.  fieport  on  the  Excavations  of  the  Roman  City  at  Silchester. 
See  Reports,  p.  425. 


3.  Excavations  at  Ardoch.    By  J.  H.  CUNNINGHAM,  Sec.S.A.Scot. 

This  paper,  after  a  brief  description  of  the  earthworks  at  the  Roman  station  of 
Ardoch,  m  JPerthshire,  gives  an  account  of  the  excavations  which  were  carried  on 
there  in  1806-97  by  the  Scottish  Society  of  Antiquaries.  The  following  were  the 
chief  results  obtained  in  the  course  of  the  operations :  (1)  The  structure  of  the 
main  rampart  resembled  that  of  the  Antonine  '  Wall.'  (2)  Fragments  of  charcoal 

1  This  paper  will  be  published  in  the  Proceedings  of  the  Society  of  Antiquaries 
for  Scotland  (1900-1901). 
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and  pottery  were  generally  found  in  a  layer  about  thirty  inches  below  the  surface, 
and  about  the  same  height  above  causeway  and  gravelled  surfaces,  thus  indicating 
two  occupations.  (3)  From  traces  of  wooden  piles  systematically  placed  in  rows 
it  was  inferred  that  the  structures  within  the  main  rampart  had  been  made  of 
wood,  and  had  been  laid  out  on  a  ground  plan  similar  to  that  found  in  other 
camps.  (4)  About  seventy  doubly  conical  pellets  of  burnt  clay,  supposed  to  have 
been  made  red-hot  and  thrown  into  the  lamp  to  set  fire  to  the  buildings,  were 
collected  throughout  the  site.  (5)  The  relics  were  on  the  whole  similar  to  those 
found  on  other  Roman  sites,  but  the  fragments  of  sculptured  or  inscribed  stones 
were  few  and  unimportant,  and  the  bulk  of  the  pottery  consisted  of  pieces  of  large 
vessels  used  for  kitchen  service,  fragments  of  the  finer  vessels  being  decidedly 
scarce,  (6)  The  small  mounds,  generally  known  as  the  '  prwtorium,'  were  shown 
to  belong  to  a  medieval  chapel,  probably  built  not  earlier  than  1400  A.I).  The 
excavations  are  fully  described  in  th«  '  Proceedings  of  the  Society  of  Antiquaries 
for  Scotland/  vol.  xxxii.  1807-08. 

4.  Excavations  at  the  Roman  Camp  at  Inchtiithtlt,  in  Perthshire. 
lly  THOMAS  lloss,  J/.Z>.,  V.^.  A.Scot. 

InchtutUill  Koman  Camp,  Perthshire,  is  situated  on  the  north  bank  of  the  Tay, 
about  six  miles  down  the  river  from  Dunkeld,  in  the  parish  of  Caputh,  the 
nearest  railway  station  being  Murthly. 

Inchtuthill  is  a  plateau  elevated  about  60  feet  above  the  surrounding  low- 
lying  fields,  which  at  no  distant  date  were  probably  covered  with  water.  The  Inch 
is  of  a  triangular  shape,  about  one  mile  from  east  to  west  by  about  three-quarters 
of  a  mile  from  nortli  to  south.  About  three-fourths  of  its  area  is  cut  off  from  the 
camp  by  a  rampart  and  ditch.  The  camp,  situated  in  front  of  Delvine  House,  is 
square  and  occupies  an  area  of  fully  fifty  acres. 

It  is  defended  by  a  single  rampart  an<l  ditch,  and  on  the  south  the  rampart  is 
double.  On  the  nortli  the  defence  is  the  steep  bank  of  GO  feet,  Four  circular 
ovens  were  found  in  the  east  ditch. 

The  via  principal!*  leads  through  the  centre  of  the  camp  and  down  to  the 
river  on  one  side,  and  to  the  edge  of  the  bank  at  the  other.  There  is  a  south 
gate. 

At  a  distance  of  about  130  yards  eastwards  there  is  a  smaller  camp  over- 
looking the  river,  defended  on  three  sides  by  a  rampart  and  ditch.  It  extends  to 
about  rive  acres.  No  gateway  or  entrance  was  found. 

A  destroyed  work  defending  the  via  principal!*  was  found  near  the  river. 
In  the  south-east  side  of  the  Inch  very  complete  remains  of  baths  \%ere  found, 
with  two  brick-built  hypocausts  and  a  stokerjr ;  one  cold-water  bath,  ]'2  &et  by 
7  feet,  with  steps  and  lead  pipe  in  situ:  hot  air  Hue  :  cement  floors,  one  showing 
indications  of  having  been  tiled  ;  various  chambers,  with  four  circular  apses. 

At  the  extreme  south-west  horn  of  the  Inch  there  is  a  very  strong  fort, 
extending  to  about  three  acres,  of  which  space  more  than  one-half  is  taken  up  by 
the  defences.  These  are  against  the  camp,  and  consist  of  five  parallel  rows  of 
ditches  and  ramparts  of  .uncommon  depth  and  height.  This  is  probably  a  native 

The  '  finds'  consisted  of  the  usual  Roman  pottery  bricks,  tiles,  lumps  of  lead, 
a  leaden  ring  4J  inches  by  3£  inches,  one  Roman  coin,  and  in  the  fort  a  rough 
sooty  stone  hearth,  &c. 

The  work  connected  with  the  exploration  of  the  camp  has  been  earned  out 
under  the  direction  and  care  of  the  Society  of  Antiquaries  of  Scotland,  and  the 
expense  of  the  undertaking  has  been  generously  borne  by  the  Hon.  John  Aber- 
*•  •» 

Inchtuthill  is  part  of  the  estate  of  Delvine,  the  property  of  Sir  Alexander  Muir 
Mackenzie,  Bart.,  to  whom  we  are  greatly  indebted  for  so  kindly  granting  per- 
mission to  make  the  excavations,  and  also  for  the  great  personal  interest  he  baa 
taken  in  the  work. 

a  v 
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5,  External  Circumstances  bearing  on  the  Age  of  Ogham  Writing  in 
Ireland.1    By  R.  A.  S.  MACALISTER. 

The  question  whether  Ogham  writing  is  of  Christian  or  Pagan  origin  is  not  yet 
settled.  There  are,  however,  some  monuments  whose  situations  or  special 
characteristics  seem  to  have  a  bearing  on  the  problem.  Such  are  the  stone  at 
Glenfahan,  Co.  Kerry,  which  though  itself  Christian  bears  what  seems  to  be  a 
non-Christian  occult  formula  of  some  sort;  certain  monuments  found  associated 
with  tumuli,  stone  circles,  and  alignments ;  and  a  recently  discovered  stone  at 
Promlusk,  Co.  Kerry,  which  displays  apparently  non-Christian  symbolism. 

6.  Report  on  Explorations  in  Crete. — See  Reports,  p.  440. 

7.  The  Neolithic  Settlement  at  Knossos  and  its  Place  in  the  History  of 
Early  jEgean  Culture.     By  ARTHUR  J.  EVANS,  J/./l.,  LL.D.,  F.JR.S. 

The  bill  of  Kephala  at  Knossos,  which  contained  the  remains  of  the  Palace  of 
Minos  and  early  houses  going  back  to  the  pre-Mycenaean  or  Kanmres  period  of  ( 'rete, 
proves  to  have  been  the  scene  of  a  much  earlier  and  very  extensive  Neolithic  settlement. 
The  exploration  of  this  by  the  author,  in  addition  to  the  work  on  the  later  remains 
of  the  l  Minoan  '  Palace,  has  been  greatly  aided  by  the  grant  from  the  Association 
in  1900.  The  remains  were  contained  in  a  stratum  of  light  clay  underlying  the 
later  prehistoric  buildings,  and  which  seems  to  have  been  formed  by  the  disinte- 
gration of  successive  generations  of  wattle  and  daub  huts  and  their  clay  platforms. 
This  clay  stratum,  which  had  been  a  good  deal  re-used  for  later  foundations,  showed 
a  mean  thickness  on  the  top  of  the  hill  of  about  live  metres.  In  some  places  it  was 
over  seven  metres  thick,  and  went  down  to  a  depth  of  about  ten  metres  below  the 
surface.  It  contained  an  abundance  of  primitive  dark  hand-made  pottery,  often 
punctuated  and  incised,  and  with  white  chalky  '•.'.  •• '.'.-.  ••  •••  rarely  chrome- 
coloured.  The  ornamentation  was  angular  and  of  ••  x1.  •  «i--  ".-.,1:.  :•  Stone  imple- 
ments abounded  of  greenstone,  serpentine,  diorite,  hnomatite,  jadeite,  and  other 
materials.  Among  these  were  over  300  celts  or  axes,  besides  chisels  ady.es, 
hammers,  and  other  implements.  The  most  characteristic  implements,  however, 
were  the  stone  maces,  the  occurrence  of  which  was  especially  important  as  bringing 
the  Cretan  Stone  age  into  near  relation  with  that  of  Anatolia — and  indeea  of 
Western  Asia  in  general — where,  as  in  the  early  deposits  of  Babylonia,  stone 
maces  formed  a  marked  feature.  This  characteristic  was  shared  by  piv-dynastic 
and  proto-dynastic  Egypt.  Another  interesting  feature  among  the  remains  were 
the  small  human  images  of  clay  and  marble  which  supplied  tho  ancestors  and 
prototypes  of  the  stone  images  found  in  the  early  Metal-age  deposits  of  Crete  and 
the  Cyclades.'2  Their  Anatolian  analogies  were  pointed  out,  and  reasons  wore 
adduced  for  their  ultimate  derivat  ion,  through  intermediate  types,  from  clay  figures 
of  a  Babylonian  Mother-Goddess,  such  as  those  lately  found  in  the  very  ancient 
deposits  at  Nippur. 

The  Neolithic  settlement  of  Knossos  was  the  first  settlement  of  that  period  yet 
explored  in  the  Greek  world,  and  in  many  ways  threw  an  entirely  new  light  on 
the  beginning  of  civilisation  in  that  area.  The  contents  showed  a  marked  contrast 
to  the  earliest  Metal-age  remains,  such  as  those  from  the  deposit  of  Ilagios  Onuphrios 
in  Crete,the  date  of  which  was  approximately  fixed  by  their  association  with  Egyptian 
relics  and  the  indigenous  copies  of  them  from  2800  to  2200  B.C.  There  were 
here  no  later  vase-forms  of  the  high-necked  and  spouted  class,  no  traces  of  painted 
pottery  or  metal,  and  no  single  example  of  the  spiraliform  decoration  which  in  the 
early  Metal-age  deposits  is  found  fully  developed.  This  negative  phenomenon 
strongly  weighed  in  favour  of  the  view  that  the  ./Egean  spiral  system  was  introduced 

1  To  be  published  more  fully  in  Man,  1902. 

2  Figured  in  Man,  1901,  p.  146. 
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during  this  later  period  with  other  decorative  types  from  the  Egypt  of  the  Middle 
Kingdom,  where  it  had  already  attained  a  high  development. 

The  Neolithic  stratum  of  Knossos  itself  actually  underlay  later  buildings 
belonging  to  three  distinct  prehistoric  classes : — 

1.  The  '  Kamares/  or  Early  Metal  age  Period  of  Crete,  illustrated  by  the  con- 
tents of  some  of  the  earlier  houses.    The  painted  pottery  iu  these  was  in  some 
cases  a  mere  translation  into  colour  of  the  incised  and  punctuated  Neolithic  designs. 
This  period   is  •!  !>!•'•  •\:iiuiVl\  <1:il- «!  from  the  relics  found  in  the  Ilagioa  OnuphrioH 
depo.sit  and  the  <  "n-'.'iM  in*--  'r,._':!!- 1::-  found  in  Egypt  in  a  Xllth  Dynasty  associa- 
tion from  c.  2KOO  to  2200  B.C. 

2.  The  Transitional  Period,  between  the  l  Kaimtres  '  age  and  the  Mycenaean.    It 
is  probable  that  the  earliest  elements  of  the  Palace  itself  belong  to  this  period, 
including  an  Egyptian  monument  ascribed  to  the  close  of  the  Xllth  or  Early 
XHIth  Dynasty/c.  2000  B.C. 

#.  The  Mycensean  Period  proper,  the  flourishing  epoch  of  which  is  approxi- 
mately fixed  by  the  correspondence  of  some  of  the  wall  paintings  with  those 
representing  the  Keftiu  on  Egyptian  tombs,  c.  1550  B.C. 

Considering  the  distinct  g*ap  in  development  which  still  separates  the  latest 
elements  of  the  culture  represented  by  the  Neolithic  stratum  of  Knossos  from  the 
fully  developed  Kamiires  style,  it  would  be  rash  to  bring  down  the  lowest  limits  of 
the  settlement  later  than  about  3000  B.C.  On  the  other  hand,  the  great  depth  of 
the  deposit  must  carry  its  higher  limit  back  to  a  very  much  more  remote  date. 
The  continued  exploration  of  the  Neolithic  remains  of  Knossos  is  necessary  for  the 
full  elucidation  of  many  of  the  problems  suggested  by  these  discoveries. 

8.  Explorations  at  Zakro  In  Eastern  Ch'te.     Jiy  1).  G.  HOGARTH,  M.A. 

The  excavation  at  Zakro  in  East  Crete  has  been  concluded  so  recently  that  I 
must  confine,  myself  to  a  plain  statement  of  the  raw  material  rendered  available 
for  Htiuly  thereby.  In  estimating  the  final  reMilt  it  will  he  necessary  to  take 
account,  of  positive  and  negative  evidence,  not  y«t  to  hand  from  two  other  East 
Cretan  sites,  lately  excavated,  Praesos  and  (Jorynia.  Zakro  lies  iu  the  south- 
eastern angle  of  the  island,  and  was  chosen  for  research  because  it  falls  in  the 
Kteocretjin  country,  anciently  reputed  to  be  inhabited  by  aborigines,  and  because 
its  sate  bay  must  always  have  been  a  main  port  of  call  for  craft  sailing  between  the 
.Egean  coasts  and  Africa.  The  small  plain  of  Zakro,  entirely  hemmed  in  by  rugged 


earliest  settlement  was  on  a  ruined  spur;  and  although  almost  all  trace  of  its 
structures  have  disappeared,  it  has  left  abundant  evidence  of  itself  in  the  contents 
of  a  pit  about  eighteen  feet  deep.  This  was  found  half-full  of  broken  vases  in 
stone  and  clay,  largely  of  the  singular  '  Kamures '  class,  not  previously  found  in 
Eastern  Crete.  These,  however,  are  mainly  of  a  highly  developed  technique,  and 
their  commonest  schemes  of  ornament  reappear  unchanged  on  vases  of  distinctively 
*  Mycenuean '  fabric.  In  fact,  Knnmres  shapes  and  decoration  are  more  closely 
related  to  Mycenomn  at  Zakro  than  had  been  suspected.  But  the  absence  of  both 
neolithic  antecedents  and  the  earlier  kinds  of  painted  ware  from  this  site  suggests 
that  its  civilisation  did  not  develop  on  the  spot,  but  was  brought  by  colonists, 
perhaps  partly  Cretan,  partly  foreign.  The  line  quality  of  ware  in  this  pit  and  the 
fact  that,  though  of  various  periods,  it  was  apparently  all  thrown  in  at  one 
moment  leads  me  to  suspect  that  the  pit  contained  the  clearings  of  an  early 
shrine. 

At  a  later  period  the  settlement  extended  over  a  lower  spur  nearer  the  sea, 
and  there  very  massive  and  large  houses  were  erected  and  inhabited  till  the  verge 
of  the  Geometric  period.  Their  outer  walls  are  Cyclopean,  but  their  inner  parti- 
tions are  of  bricks  of  unusual  size.  Complete  plans  were  obtained  of  two  of  the 
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largest  houses  ;  and  parts  of  several  others  were  explored,  including  the  lower  por- 
tion of  what  was  probably  the  residence  of  the  local  chief  or  governor.  These 
yielded  a  great  deal  of  pottery,  ranging  from  the  acme  of  the  Mycemean  period 
to  its  close,  and  the  types  furnish  a  better  criterion  of  date  than  we  have  possessed 
hitherto  in  Crete.  Numerous  bronze  implements  were  found,  but  these  yield  in 
interest  to  those  from  Gory nia.  Two  tablets  in  the  linear  'Cretan'  script  show 
that  this  system  was  known,  though  probably  little  used,  and  not  indigenous,  in  East 
Crete.  None  were  found  couched  in  the  pictograpbic  system  so  often  represented 
on  East  Cretan  gems.  Finally  a  hoard  of  600  clay  impressions  of  lost  t-ignet 
gems  was  brought  to  light.  These  display  lf>0  different  types  and  afford  a  price- 
less record  of  Mycena?an  glyptic  art  and  religious  symbolism.  Monstrous  combina- 
tions of  human  and  bestial  forms  occur  in  great  variety,  half  a  dozen,  which  are 
bull-headed,  suggesting  varieties  of  the  Mirotaur  type.  The  comparison  of  all  this 
mass  of  new  material  with  the  symbols  of  Egyptian,  Mesopotamian,  and  other  cults, 
which  cannot  fail  to  be  fruitful,  hns  yet  to  be  made.  Cist  burials  were  discovered 
in  caves  farther  inland,  whose  grave  furniture  seems  to  support  certain  negative 
evidence  obtained  in  the  Upper  Zakro  district  and  at  Praesos,  in  showing  that  the 
aboriginal  civilisation  of  East  Crete  was  independent  of  both  the  i  Kamares  '  and 
Mycenrcan  civilisations.  If  these  last  were  foreign  to  the  Eteocretan  country,  it 
seems  improbable  that  the  Eteocretan  language,  as  represented  by  the  Praesos 
inscriptions,  will  prove  to  be  that  expressed  by  the  linear  script  on  the  Knossian 
tablets ;  and  the  hope  that  these  will  be  deciphered  becomes  fainter. 

9.  Some  Results  of  Recent  Excavations  in  Palestine. 
By  K.  A.  S.  MACALISTER. 

Excavations  have  been  carried  out  by  the  Palestine  Exploration  Fund  at  Tell 
Zakariya,  Tell  es-Safi,  Tell  ej-Judeideh,  and  Tell  Sandahannab,  in  the  west  of 
Judaea,  during  ttte  last  two  years.  Remains  extending  over  a  space  of  time  of 
some  fifteen  centuries  have  been  unearthed,  divisible  into  two  well-defined 
pre-Israelite  periods,  and  alho  the  Jewish,  Soleucidan,  and  Roman  periods  The 
general  result  baa  been  to  throw  considerable  light  on  various  questions  respecting 
the  civilisation  and  religion  of  the  inhabitants  nt  different  times. 

The  great  caves  of  Bet  Jibrin  and  its  neighbourhood  have  also  been  system- 
atically explored,  and  some  light  shed  on  the  problem  of  their  origin  and  purpose. 


SATURDA  Yt  8El>TEmiEIl  14. 
The  Section  did  not  med » 

MOM) A  \\  SEPTEMBKll  10, 
The  following  Report  and  Papers  weru  read  : — 

L  Report  on  t/ic  Age  of  Stone  Circles. — See  Reports,  p.  42?. 

2,  On  the  Chronology  of  the  Stone  Age  of  Man,  with  especial  Reference  to 
his  Co-existence  with  an  Ice  Age.1     By  W.  ALLEN  STURGE,  M.D. 

1  To  be  published  in  Man,  1902. 
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3.  Naturally  Chipped  Flints  for  Comparison,  with  certain  Forms 
of  alleged  Artificial  Chipping.     By  G.  COFFEY. 

The  author  exhibited  a  series  of  flints  from  the  Larne  raided  beach  and  other 
beaches  on  the  north  coast  of  Ireland  showing  the  manner  in  which  chipping  is 
effected  in  the  action  of  the  waves.  Some  of  the  chipping  was  quite  fresb, 
probably  done  by  a  recent  gale,  and  admirably  illustrated  the  chipping  on  older 
Hints.  He  compared  the  chipping  with  that  on  fragments  of  flint  from  river- 
drill  gravels  at  Bedford  and  with  the  chipping  of  the  *  Plateaux  flints/  and 
Contended  that  the  evidence  pointed  to  the  same  or  a  similar  cause  in  both  cases. 


4.  Prehistoric  Man  in  tJie  Island  of  Arran.1     By  EBEN.  DUNCAN,  M.D., 
and  THOMAS  H.  BRYCE,  JO.,  M.D. 

The  island  of  Arran  has  many  sepulchral  memorials  of  its  prehistoric  in- 
habitants, but  save  the  stone  circles  on  Manchrie  Moor,  explored  by  Jarues  Bryce, 
LL.I).,  in  1861,  none  seems  to  have  been  examined  except  by  the  casual  antiquary 
or  reclaiming  agriculturist. 

In  1806  Dr.  Duncan  explored  a  cairn  at  Torlin,  and  found  a  skull,  dolicho- 
cephalic in  its  proportions,  and  a  number  of  bones,  but  no  implements  or  pottery 
to  n'x  the  age  of  the  interment.  On  his  invitation  Dr,  Bryce  joined  him  in  a  more 
exhaustive  examination  last  summer,  after  he  had  obtained  the  sanction  of  the 
factor,  J.  Auldjo  Jameson,  Esq.,  W.S.  Daring  the  spring  and  summer  of  this 
year  by  aid  of  a  grant  from  the  Royal  Society  of  Antiquaries  of  Scotland  Dr.  Bryce 
made  a  considerable  series  of  further  explorations.  The  comparative  results  of  the 
whole  series  of  investigations  may  be  summed  up  in  the  tabular  statement  annexed. 

The  table  shows  that  the  mere  presence  of  stone  implements  affords  no 
test  of  the  archaeological  horizon,  but  that  the  pottery  found  in  what  have  been 
called  '  Megalithic  cists  serially  arranged '  clearly  distinguishes  these  structures  as 
of  earlier  age  than  the  short  cists  either  in  cairns  or  circles,  and  one  may  with  fair 
certainty  affirm  that  the  interments  discovered  in  them  belong  to  a  race  still  in 
the  stage  of  Neolithic  culture. 

Only  atClachaig  and  Torlin  were  human  bones  discovered  in  such  preservation 
as  to  permit  of  examination.  At  Sliddery  mid  Shiskin  all  traces  of  the  interment 
had  disappeared,  but  in  spite  of  a  large  amount  of  wood  charcoal  found,  the  absence 
of  any  trace  of  burnt  bone  makes  it  probable  that  the  interments  in  these  cists  also 
were  by  inhumation. 

Each  large  cist  contained  the  huddled  remains  of  six  to  ten  individuals  of  both 
8exes  and  all  ages,  from  the  infant  to  the  asred  person.  The  bones  lay  in  chaos  in 
the  corners  at  diiVerent  levels,  suggesting  either  that  the  bodies  were  dismembered 
before  burial,  or  that  they  were  placed  in  a  sitting  attitude  in  the  corners  so  that 
when  the  soft  parts  fell  away  the  bones  collapsed  in  confused  heaps. 

The  long  bones  recovered  were  much  broken.  T^o  male  femur  is  entire,  but 
making  allowance  for  the  absent  lower  end  one  bone  gives  a  proportionate  stature 
of  5  ft.  4  in.  The  bones  taken  to  be  female  are  remarkable  for  their  shortness  and 
slenderness.  Two  entire  femora  made  the  stature  4  ft.  10  in.  All  the  male 
femora  are  platymeric,  and  have  a  prominent  lima  aspera  ;  all  the  tibire  more  or 
lessplatycnemic. 

The  skulls — three  male,  one  female — and  three  calvaria,  of  doubtful  sex,  are  of 
the  same  general  type.  They  are  of  large  capacity,  of  gently  curved  contour, 
with  slightly  marked  glabella  and  supraciliary  ridges.  The  form  is  elongated  ; 
the  sides  are  flattened,  with  slightly  marked  'parietal  eminences ;  the  occiput  18 
round  and  prominent  to  a  marked  degree ;  the  outline  in  the  norma  occipitalis  is 
pentagonal,  with  elevated  sagittal  suture  and  roof  fairly  sharply  sloping  to  join 
the  vertical  sides.  In  the  norma  verticalis  the  zygomatic  arches  just  show,  and 
the  shape  is  either  ellipsoidal  or  ovoid. 

1  To  be  published  in  full :  the  archaeological  evidence  in  Proc.  Soc.  Ant.  Scot. 
the  anthropometry  in  Journ.  Anthrop.  fntt.,  xxxii. 
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The  cephalic  indices  of  the  whole  specimens  are  66'6,  70, 75,  and  75'6,  so  that 
two  belong  to  the  dolichocephalic  group,  two  to  the  lowest  term  of  the  mesati- 
cephalic  group  ;  the  three  calvaria  unquestionably  belong  to  the  same  series. 

The  lace  is  orthognathous  and  leptoproeopic  in  the  male,  charnseoprosopic  in 
the  female  skull.  The  nose  is  leptorhine  in  two,  mesorhine  in  two,  the  orbits  micro- 
seme  in  all.  The  mandible  has  a  well-marked  chin  and  moderately  marked 
angle.  The  teeth  are  moderate  and  much  worn  on  the  crowns. 

These  skulls  are  in  distinct  contrast  to  the  specimen  discovered  by  Dr.  James 
Bryce  in  the  stone  circle  on  Manchrie  Moor.  It  is  not  sufficiently  entire  for 
measurement,  but  to  the  eye  in  the  nor  ma  verticalis  the  breadth  bears  a  consider- 
ably larger  proportion  to  the  length  than  in  the  skulls  discovered  by  us. 

Thus  in  the  '  Megalithic  cists  serially  arranged '  in  Arran  individuals  of  a  race 
were  interred  with  anatomical  characters  closely  resembling  those  of  the  long 
barrows  in  England,  and  two  of  the  specimens  exactly  realise  Wilson's  description 
of  a  kumbecephalic  skull. 

5.  The  Bones  of  Hen  Nekht.1     JJy  CHARLES  S.  MYERS,  M.A. 

Hen  Nekht  is  the  earliest  king  of  whom  the  remains  have  been  found.  He 
rciiMH'd  UV-.T  Egypt  during  the  third  dynasty,  about  4(XX)u.c.  Mr.  John  Garstang, 
who  di^rovivd  the  tomb  last  season,  asked  me  to  undertake  the  measurement 
and  description  of  the  bones.  I  am  indebted  to  him  for  permission  to  give  the 
British  Association  my  results  to-day,  before  they  are  more  fully  incorporated  in 
the  official  report  of  his  excavations,  which  is  to  be  published  by  the  Egyptian 
Research  Account.  The  hones  recovered  are  the  skull,  the  tibiae,  a  left  humerus, 
left  femur,  left  clavicle,  broken  fibula?,  pelvis,  and  scapula?.  The  vertebrae  and 
fragments  of  other  bones  wero  not  brought  away. 

The  skull  is  extraordinarily  massive  and  capacious.  The  cranial  length- 
breadth  index  is  79*tf,  the  nasal  index  51*0,  the  orbital  index  X'2'2.  The  face  seems 
orthognathous.  The  long  bones  retlect  the  character  of  the  skull.  They  are 
remarkably  long  and  strongly  ridged. 

The  bones  are,  those  of  an  unusually  tall  man.  The  coefficients,  however,  for 
determining  stature  from  the  length  of  the  long  bones  differ  considerably  in  indivi- 
duals as  well  as  in  ratios.  Tin*  height  of  Hen  Nekht  may  probably  be  estimated  at 
1,870  millimetres.  Such  a  stature  would  very  likely  have  been  considered  gigantic 
by  the  king's  historians. 

Manetho  records  as  the  last  two  kings  of  the  second  dynasty  Sesochris  and 
Cheueres,  whose  reigns  amounted  to  seventy -eight  years.  Eratosthenes,  another 
historian,  after  apparently  omitting  the  second  dynasty,  places  Momcheiri, 
reigning  seventy-nine  years,  as  head  of  the  Memphite  (third)  dynasty.  Possibly 
Sesochris  and  Cheneres  were  one  and  the  same  king,  to  whom  Eratosthenes  gave 
the  name  of  Momcheiri.  Manetho  describes  Sesochris  as  a  giant  Jiw  cubits  in 
Iwight,  and  three  pabu*  [in  breadth — omitted  in  one  of  the  textsj.  Eratosthenes 
describes  Momcheiri  as  Trf/jco-o-o/ucXij?  and  as  a  Memphite.  A  marked  discrepancy 
occurs  in  all  lists  between  the  close  of  the  second  Thinite  and  the  opening  of  the 
third  or  Memphite  dynasty.  Possibly  with  the  introduction  of  stone  buildings 
and  pyramids,  and  with  the  change  of  the  soat  of  government  from  This  to 
Memphis,  a  new  ruling  race  arose  at  Memphis  with  the  third  dynasty,  of  whose 
kings,  one,  tall  among  bis  own  people,  was  reckoned  a  giant  by  his  Egyptian 
subjects. 

'Whether  or  not  Hen  Nekht,  Momcheiri,  and  Sesochris  are  identical  may  be 
disputed,  but  there  can  be  little  doubt  that  the  stature  of  the  last  has  been 
exaggerated  by  Manetho. 

The  features  of  Hen  Nekht's  skull  agree  far  closer  with  those  of  the  dynastic 
than  with  those  of  the  prehistoric  times,  according  to  Mr.  Randall-Maclver'a 
measurements. 

The  proportions  borne  by  the  long  bones  of  Hen  Nekht  to  one  another  and 

1  Published  more  fully  in  Man,  1901,  No.  127. 
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to  his  probable  stature  correspond  more  nearly  with  those  observed  in  Negro  than 
in  European  skeletons.  Similar  measurements  made  on  a  number  of  skeletons  of 
the  prehistoric  and  early  empire  period  show  in  most  cases  the  same  correspond- 
ence. But  further  research  is  here  necessary. 


6.  Paleolithic  Implement  ivith  alleged  Thong-marks. 
By  Miss  NINA  F.  LAYAHD. 

This  fine  Palaeolithic  hatchet  was  found  in  Levington  Road,  Ipswich,  at  a 
depth  of  about  five  feet.  In  the  natural  depressions  of  the  flint  the  original 
surface  of  the  nodule  escaped  being  worked  away  when  the  hatchet  was  shaped, 
leaving  a  rough  surface.  This  surface  consists  of  more  than  one  layer,  the  outer- 
most of  which  appears  to  have  been  removed  by  friction. 


7.  On  a  Piece  of  Yeivfrom  the  Forest  Bed  on  the  East  Coast  of  England, 
apparently  cut  by  Man.     By  F.  D.  LONGE. 

This  object  was  found  by  the  author  with  other  pieces  of  yew  in  a  section  of 
clift*  exposed  after  a  high  tide  in  the  Kes^ingland  Freshwater  Tied,  belonging  to 
the  Cromer  Forest  Bed  Series.  Some  days  afterwards,  in  cleaning  the  piece  of  yew, 
he  discovered  two  oblique  cuts  upon  it,  made  by  some  implement  much  sharper 
and  thinner  than  the  large  manufactured  instruments  (Palaeolithic  or  Neolithic) 
with  which  we  are  familiar.  He  believes  that  the  circumstances  exclude  the  idea 
that  these  cuts  are  of  recent  origin. 

8.  Exhibition  of  Manufactured  Objects  from  Irish  Caves. 
]>y  G.  OOFFEY. 

9.  On  the  Temporary  Fissures  of  the  Hnman  Cerebral  Hemispheres,  with 
Observations  on  the  Develojiment  of  the  Jlippocampal  Fissure  and 
Hippocampal  Formation.  Ity  Professor  J.  SYMINGTON,  M.D.,  Queen's 
College,  Belfast. 

This  paper  discussed  the  views  recently  published  by  Hochstelter,  who  main- 
tains that  the  so-called  temporary  or  transitory  fissures  of  the  human  cerebral 
hemispheres,  which  have  been  described  by  ,so  many  anatomists  as  existing 
towards  the  end  of  the  third  and  during  the  fourth  months  of  foetal  life,  are  not 
present  in  the  fresh  brain,  but  are  the  products  of  commencing  maceration  and 
putrefication.  Professsor  Symington  admitted  that  the  frequency  of  the  occur- 
rence and  the  depth  of  these  fissures  had  been  exaggerated,  but  he  showed  a 
number  of  photographs  of  specimens,  botli  macroscopic  and  microscopic,  in  support 
of  the  view  that  they  did  occur  in  well-preserved  material.  lie  admitted, 
however,  that  the  arcuate  fissure,  even  if  not  an  artificial  product,  had  no 
morphological  significance,  and  that  its  posterior  part  had  nothing  to  do  with  the 
hippocampal  fissure.  He  also  exhibited  a  series  of  sections  of  the  brain  of  a 
human  foetus  in  which  the  hippocompal  fissure  and  the  hippocarapal  formation 
could  be  traced  from  near  the  temporal  pole  of  the  hemisphere  upwards  and 
forwards  towards  tlfe  frontal  end  of  the  brain  dorsal  to  the  developing  transverse 
commissures. 

Attention  was  directed  to  the  interest  of  these  facts  in  connection  with  the 
position  of  the  hippocampal  fissure  and  formation  in  the  marsupialia  and  mono- 
tremata  where  they  occupy  a  similar  position  throughout  life.  These  observations 
also  support  the  opinion,  hitherto  based  mainly  on  comparative  anatomy,  that  the 
rudimentary  grey  and  white  matter  existing  on  the  dorsal  aspect  of  the  adult 
human  corpus  ca'ttosum  is  the  remains  of  a  hippocampal  formation. 
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10.  On  Sujyra-sternal  Bones  in  tlw  Human  Subject. 
By  Principal  MACKAY,  M.D.}  LL.D. 


1  1  .  The  Frequency  and  Pigmentation  Value  of  Surnames  of  School  Children 
in  East  Aberdeenshire.    By  J.  F.  TOCHEII,  F.I.C.,  and  J.  GRAY,  jB.Sc. 

^  In  the  course  of  a  pigmentation  survey  carried  out  by  us  in  East  Aberdeen- 
shire  in  1896  and  1807  we  obtained  the  statistics  of  the  surnames  and  pigmentation 
of  14,561  i'j  :•!!•;"'•  :"!*i  the  whole)  school  children  there.  An  analysis  of  the 
physical  characteristics  apart  from  the  surnames  has  already  been  published.1 
The  present  paper  deals  with  the  distribution  of  the  frequencies  of  surnames  and 
their  correlation  with  pigmentation.  We  have  found  that  among  the  14>561 
children  there  are  751  different  surnames.  The  frequency  of  these  surnames 
varies  between  1  and  '2(\1  ,  Milne  being  the  most  frequent,  the  next  in  order  being 
Smith,  Taylor,  Stephen,  and  Bruce.  If  the  surnames  are  arranged  in  order  of 
frequency  a  curve  representing  the  frequency  takes  the  form  roughly  of  ft 
rectangular  hyperbola.  The  distribution  of  surnames  is  very  unequal:  for 
example,  one^half  of  the  population  lias  to  be  content  with  12£  per  cent,  of  the 
surnames,  while  one-half  of  the  surnames  is  monopolised  by  950  persons. 
Hereditary  surnames  were  not  in  common  use  in  Scotland  until  the  thirteenth  and 
fourteenth  centuries.  There  is  a  presumption,  therefore,  that  the  present  pos- 
sessor* of  surnames  inherit  some  of  the  physical  characteristics  of  ancestors  of  that 
date.  It  becomes  necessary  to  investigate  the  origin  of  surnames.  We  have  divided 
them  broadly  into  two  classes:  (1)  Lowland,  including  names  of  Anglo-Saxon, 
Norman,  and  Scandinavian  origin;  (2)  Highland,  including  names  derived  from 
the  names  of  Highland  clans.  Of  the  7ol  surnames,  sixty-three  were  Highland, 
representing  13  14  per  cent,  of  the  population.  It  is  interesting  to  note  that  in 
a  previous  investigation'2  we  came  to  the  conclusion,  from  an  analysis  of  the 
measurements  of  the  adult  population,  that  the  Highland  element  was  present  to 
tho  extent  of  14  per  cent,  in  Kast  Aberdeenshire.  We  have  calculated  the 
pigmentation  value  of  the  hair  and  eyes  for  the  fifty-nine  most  frequent  surnames, 
and  arranged  them  in  series  according  to  pigmentation.  AVe  tind  that  there  is  a  wide 
variability  in  the  pigmentation  of  different  surnames,  pointing  to  the  conclusion 
that  septs  or  clans,  as  represented  by  surnames,  tend  to  retain  distinct  physical 
characteristics.  Amongst  the  darkest  in  the  series  we  find  surnames  cominon  in 
fishing  communities.  This  supports  the  tradition  that  the  fishing  population  on 
the  east  coast  of  Scotland  is  of  lielgian  origin,  since  the  Belgians  are  the  darkest 
people  of  Northern  Europe.  We  find  that  the  pigmentation  of  Highland 
surnames  corresponds  closely  with  the  pigmentation  in  their  districts  of  origin. 
An  example  of  this  is  seen  in  the  blond  Frasers,  having  their  origin  in  the  blond 
Inverness  district,  and  dark  Robertsons  and  Gordons  in  dark  Perthshire  and  West 
Aberdeenshire.  The  surnames  of  Wallace,  Pirie,  Grant,  Park,  and  Birnie,  we 
find,  have  strong  blond  tendencies,  while  the  surnames  of  Cordiner,  Cruickshank, 
Stephen,  Strachan,  Buchan,  Paterson,  and  Whyte  are  darkest  in  our  list.  The 
surnames  having  the  largest  percentage  of  red  hair  are  liennie,  Scott,  Grant,  and 
Thomson,  and  those  having  the  least  percentage  are  Johnston,  Walker,  Burnett, 
Forbes,  and  Watson. 

The  validity  of  the.se  conclusions  depends  on  whether  they  are  confirmed  by 
a  complete  survey  of  the  whole  of  Scotland,  wfiich,  we  hope,  may  be  carried  out 
at  an  early  date. 


trn.  Adlhrnj).  I  nut  .  vol.  xxx.  pp.  101-125. 
a  JSce  Brit.  Assoc.  Ite/ort,  Bradford,  11)00, 
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TUESDAY.   SEPTEMBER  17. 
The  following  Papers  and  Reports  were  read : — 

1.   On  the  Functions  of  the  Maternal  Uncle  in  Torres  Straits. 
By  W.  H.  R.  RIVERS,  M.D. 

In  the  western  tribes  of  Torres  Straits  descent  is  at  the  present  time  strictly 
paternal,,  and  yet  customs  exist  among1  these  people  which  show  that  in  some  respects 
the  relationship  between  maternal  uncle  and  nephew  is  regarded  as  nearer  than  that 
between  father  and  son.  The  system  of  kinship  is  of  the  kind  known  as  'classifi- 
catory,'  and  the  customs  to  be  described  apply  not  only  to  the  brothers  of  the 
mother,  in  the  strict  sense,  but  to  all  those  males  of  the  clan  of  the  same  genera- 
tion as  the  mother  whom  the  latter  would  call  brother. 

A  man  will  cease  fighting  at  once  when  told  to  do  so  by  his  maternal  uncle. 
The  power  of  the  uncle  is  so  great  that  a  fight  between  the  natives  of  two  hostile 
islands  (Mabuiag  and  Moa)  might  be  stopped  if  a  man  on  one  side  saw  his  sister's 
son  among  his  enemies. 

This  power  of  stopping  a  fight  is  not  pos&essed  to  the  same  extent  by  tin?  father 
or  mother,  and  a  man  may  continue  to  tight  even  after  the  father  or  mother  has 
given  certain  indications  of  the  nearness  of  the  bond  between  them  and  tho  son. 
The  maternal  uncle,  on  the  other  hand,  stops  a  right  by  a  mere  word. 

The  brother-in-law  (imi)  has  also  the  power  of  stopping  a  light,  but  in  this 
case  it  is  the  duty  of  the  man  who  has  been  stopped  to  make  a  present  to  the 
brothev-iu-law.  No  such  present  is  made  to  the  uncle. 

Another  indication  of  the  closeness  of  the  relationship  between  maternal  uncle 
and  nephew  is  that  the  latter  may  take,  lose,  spoil,  or  destroy  anything  belonging 
to  his  uncle  (even  a  new  canoe,  probably  the  most  valuable  possession  a  man  can 
have)  without  a  word  of  reproach  from  the  latter.  I  was  told  that,  even  if  the 
nephew  was  quite  a  small  boy,  he  could  do  what  he  liked  in  his  uncle's  house 
could  break  or  spoil  any  of  his  uncle's  property  and  the  uncle  would  say  nothing. 

As  a  boy  grew  up  ho  went  about  more  with  his  uncle  than  with  his  father, 
and  I  was  told  that  he  cared  more  for  his  uncle.  At  the  ceremonies  connected 
with  the  initiation  of  the  boy  into  manhood,  it  was  the  maternal  uncles  who  had 
especial  care  and  complete  control  of  the  boy,  and  imparted  to  him  the  traditions 
and  institutions  of  the  tribe.  When  the  boy  married,  the  father  provided  the 
necessary  presents ;  but  the  actual  payment  was  made  by  the  maternal  uncle,  to 
whom  the  presents  were  given  by  the  boy's  father. 

One  point  of  interest  in  these  customs  is  that  they  are  found  in  a  tribe  in 
which  descent  is  now  paternal,  and  must  probably  be  regarded  as  vestiges  of  a 
previous  condition  in  which  descent  was  maternal,  and  the  brothers  of  the  mother 
were  regarded  as  nearer  kin  than  the  father. 

Another  point  of  more  special  interest  is  to  be  found  in  the  similarity  between 
one  of  these  customs  and  the  '  vasu '  institution  of  Fiji.  This  institution,  which 
has  been  spoken  of  as  the  '  keynote  of  Fijian  despotism/  may  be  regarded  as  an 
extreme  development  of  the  custom  which  in  Torres  Straits  permits  a  uephow  to 
take  anything  belonging  to  his  maternal  uncle.  In  Fiji  this  cuHtom  has  grown  to 
such  an  extent  that  the  nephew  of  a  king  may  be  '  vasu'  to  all  his  uncle's  subjects, 
and  may,  with  impunity,  despoil  his  uncle's  subjects  of  all  their  moat  valued 
possessions. 


2.  On  the  Functions  of  the  Son-in-Law  and  Brother -in- Law  in 
Torres  Straits.     By  W.  H.  K.  HIVEKS,  M.D. 

In  both  the  eastern  and  western  tribes  of  Torres  Straits,  as  in  so  many  parts 
of  the  world,  a  man  is  not  allowed  to  utter  the  names  of  hia  wife's  relatives.  He 
does  not  speak  to  his  father-in-law,  and  carries  out  any  necessary  communication 
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through  his  wife.     If,  for  any  reason,  it  should  hecome  necessary  to  speak  to  his 
father-in-law,  he  talks  in  a  low  voice  and  mild  manner. 

In  the  western  trihe  this  disability  is  associated  with  certain  duties  and  privi- 
leges. The  hrother-in-law  has  the  power  of  stopping  a  fight,  but  apparently  not  to 
so  marked  an  extent  as  in  the  case  of  the  maternal  uncle. 

When  a  man  dies  the  duty  of  looking  after  the  body  and  the  mourners  falls 
largely  on  the  brother-in-law  (inri).  If  the  man  has  died  away  from  home  it  is  the 
duty  of  the  *  imi '  to  announce  the  death  to  the  widow  and  brothers  of  the  deceased,  and 
the  '  irai '  gives  the  signal  for  the  crying '  keening '  to  commence.  He  prepares  the 
body  and  carries  it  to  the  grave.  He  stops  the  crying,  gives  food  to  the  mourners, 
and  fills  the  pipe  of  the  brother  of  the  dead  man.  It*  no  brother-in-law  is  present 
these  duties  devolve  on  the  father-in-law  (t'ra),  or,  if  no  *  ira '  is  present,,  on  the 
sister-in-law  (nyaubat).  Owing,  however,  to  the  large  number  of  brothers-in-law 
provided  by  the  classificatory  system  of  kinship,  this  rarely  happens. 

The  brother-in-law  has  also  definite  duties  in  connection  with  fishing,  and  has 
a  definite  place,  in  the  fore  part  of  the  canoe.  It  is  his  duty  to  hoist  the  sail,  to 
heave  the  anchor,  to  bale  out  water,  to  light  the  iire  and  prepare  food,  and  to 
spear  the  dugong  or  turtle,  lie  has,  iu  fact,  to  do  all  the  hard  work,  while  the 
owner  or  captain  of  the  boat  has  little  to  do  beyond  giving  orders.  In  special 
kinds  of  fishing,  as  in  that  in  which  the  sucking  fish  is  used — of  which  I>.  Iladdon 
has  given  an  account— certain  of  the  operations  are  carried  out  by  the  brother- 
in-law. 

At  a  dance  a  man  does  not  wear  his  own  mask  (Aw/)  but  that  of  his  brother- 
in-law. 

It  seems  probable  that  these  customs  may  be  regarded  as  vestiges  of  a  condi- 
tion which  does  not  now  exist  in  Torres  Straits,  but  is  found  in  many  parts  of  the 
world,  viz.,  a  condition  in  which  a  man  lives  with  and  serves  the  family  of  his 
wife. 

These  customs,  and  those  connected  with  the  maternal  uncle, agree  in  pointing 
to  the  existence,  at  some  time,  in  Torres  Straits  of  a  stage  in  the  development  of 
the  family  in  whicii  the  husband  was  a  relatively  unimportant  appendage,  and  the 
head  of  the  family  was  the  brother  of  the  wife  j  a  stage  of  development  which  is 
still  to  be  found  in  some  parts  of  the  world,  as  among  the  Seri  Indians,  recently 
investigated  by  Me  Gee. 

[The  full   account   of  this  and  the  preceding  Paper  will  be  published  in  the 
f  the  Catnbridyi1  Anthropological  Expedition  to  Torr?*  Straits.1"] 


3.  tioinr  Emotions  in  thii  Murray  Islander.     By  CTIAHLKS  8.  MYERS. 

A  belief  is  widely  spread  that  in  the  degree  of  their  control  over  the  impulses 
of  their  emotions  lies  the  essential  diiVerenco  between  the  civilised  and  uncivilised 
mind,  and  that  the  emotions  of  a  savage  are  accordingly  a  series  of  powerful 
stimuli,  directly  and  automatically  releasing  their  appropriate  actions  without  the 
effective  intrusion  of  thought,  reason,  or  self-consciousness. 

The  writer's  experiences,  as  member  of  Dr.  Haddon's  Cambridge  Anthropo- 
logical Expedition  to  the  Torres  Straits  and  Borneo,  have  led  him  to  doubt 
whether  such  a  view  is  particularly  or  even  broadly  true.  He  found  that  the 
general  conduct  of  the  Murray  Islanders,  an  undoubtedly  vivacious  and  excitable 
people,  was  comparable  to  that  of  other  similarly  emotional  country  folk,  ?.r/.,  the 
rural  population  of  South  Europe.  He  believes  that  such  differences  as  exist  are 
duo  not  so  much  to  distinctive  mental  constitution  as  to  the  varying  sanctions 
and  customs  of  society. 

The  intense  excitement  prevailing  at  the  games  of  the  Murray  Islanders 
perhaps  atoned  for  their  remarkable  disregard  for  orderly  competition ;  a  feature 
which  is  perhaps  to  be  connected  with  trie  feeble  fighting  powers  and  the  social 
equality  01  these  people  in  the  past. 

1  See  also  Mem,  1901,  pp.  136,  137. 
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Lack  of  concentration  has  been  generally  considered  a  characteristic  of  uncivil- 
ised races.  Probahly  no  conditions  are  more  absorbing  than  the  deeply  rooted 
emotions  of  love,  hatred,  anger,  and  fear.  Fear  of  his  neighbour  was'  very 
common  among  the  Murray  Islanders.  No  human  life,  no  crop  of  food,  was 
ever  lost  save  through  the  sorcery  practised  by  some  enemy  thereon.  Extra*. 
ordinary  mental  depression,  even  death,  is  reported  to  have  followed  an  islander's 
belief  that  some  one  had  used  magic  against  him. 

The  feeling  of  shame  was  awakened  under  conditions  which  are  astonishing  to 
us.  The  birth  of  twins  was  a  matter  of  great  reproach  both  to  the  father  and  to 
the  mother.  Shame  was  likewise  excited  if  a  man  mentioned  the  name  of  any  of 
his  wife's  relatives. 

Just  as  social  custom  in  Murray  Island  encouraged  the  play  of  shame,  so  it 
appears  to  have  lessened  the  force  of  parental  affection.  Infanticide  used  formerly 
to  prevail.  To  this  day  the  practice  is  retained  of  frequently  giving  away  infants 
for  adoption  a  few  days  after  birth,  so  that  they  grow  up  ignorant  of  their  true 
father  and  mother. 

So  far  as  was  noticed,  the  expression  of  the  emotions  in  no  way  differed  from 
what  has  been  observed  among  Europeans. 

Certain  psychological  experiments  demonstrated  groat  differences  in  tempera-. 
ment  among  the  various  islanders. 

4.  Notes  on  Some  Customs  of  the  Fellahin  of  West  Palestine. 
By  R.  A.  S.  MACALISTER. 

The  paper  consists  of  brief  notes  on  tatu,  native  feasts,  marriage  ceremonies, 
and  other  details  in  the  daily  life  and  customs  of  the  Fellahin, 

5.  Report  on  tl\e  Ethnological  Survey  of  Canada.  —  See  Reports,  p.  409. 


G.  Dekanawidehy  the  Law-giver  of  the 

By  JOHN  OJIJATEKHA  BRANT  SKHO. 

The  author,  himself  a  Canadian  Mohawk,  discusses  the  significance  of  the  name 
Iroquois,  which  he  derives  from  I-ih  :  rongwc  :  '  self  '  (i.e.,  '  genuine/  '  real  ')  '  man/ 
in  allusion  to  the  boasted  superiority  of  the  Iroquois  over  their  neighbours.  He 
recounts  the  traditional  origin  of  the  ancient  system  of  government  still  in  use 
among  the  Six  Nations  of  Canada,  arid  the  symbolic  form  in  which  it  was  handed 
down  by  its  originator,  Dekanawideh.  The  purpose  of  the  gens  system  and  of 
the  matriarchal  element  in  the  constitution  is  explained,  and  their  practical 
workings  are  described.  Tho  paper  concludes  with  an  account  of  the  symbolic 
forms  of  debate  which  are  observed  in  the  great  tribal  and  grand  Council,  and 
with  an  estimate  of  the  influence  of  these  institutions  upon  the  Mohawk  ideals  and 
character. 

7.  The  Tehuelche  Indians  of  Patagonia.     By  HESKETII  PHICHARD. 

The  author  describes  the  anthropological  results  of  the  '  Express  '  Expedition 
to  Patagonia  among  the  Tehuelche  Indians,  a  nomad  people  living  in  toldos. 
Their  physical  characteristics,  past  history,  and  curious  customs  are  de- 
scribed, with  details  of  their  marriage  customs  and  of  the  position  of  women 
among  them.  The  outlines  of  their  religion  are  given,  and  their  fear  of  the 
Cordillera  is  discussed.  A  description  of  the  Galichu  follows.  The  native  methods 
of  hunting,  guanaco,  and  of  training  horses  are  detailed.  Tho  author  examines 
the  Tehuelches'  ideas  of  distance,  and  their  attitude  towards  the  white  man,  and 

1  Published  in  full  in  J/aw,  1901,  p.  13  \. 
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concludes  by  an  account  of  their  relations  with  the  traders.    A  note  is  added  on 
the  native  mode  of  burial. 

8.  Tlie  Lengna  Indians  of  the  (Iran  Chaco.     Jly  SEYMOUR  HAWTREY. 

The  author  describes  the  country  and  the  distribution  of  the  Lengua  Indians — 
their  physical  type,  language,  social  orpfiiniMition,  mode  of  life,  industries  and 
religion — and  notes  the  effects  of  contact  with  Paraguayan  and  European  civilisa- 
tion. The  paper  will  bo  published  in  full  in  the  (  Journal  of  the  Anthropological 
Institute/  vol.  xxxi. 

9,  Report  on  the  Skeat  Expedition  to  the  Malay  Peninsula. 
See  Reports,  p.  411. 


10.  The  Wild  Trills  of  the  Malay  Peninsula.^     }1y  W.  W.  SKEAT,  A/.A. 

1.  The  Malay  Peninsula,  its  position  in  S.E.  Asia.     Distribution  of  British  and 
Siamese  possessions  therein. 

2.  The  wild  tribes.     Martin's  classification : — 

(a)  Dark,  frizzly-haired  Negrito  tribes,  called  Seinang,  residing  in  the  northern 
districts. 

(b)  Lighter  wavy-haired  tribes  called  Sakai,  in  southern  districts. 

(c)  Mixed  tribes  in  contact  with  Malay  settlements  (also  in  southern  districts). 

3.  Description  of  Semangs  (type  a)  as  follows : — 

Height  of  men,  about  4  ft.  9  in. ;  women,  about  3£  inches  shorter. 

Colour  of  skin,  very  dark  brown,  passing  into  black. 

Head,  between  long  and  round  (mesaticephalic)  ;  forehead,  low  and  rounded, 
projecting  over  the  root  of  the  nose,  which  is  short  and  very  flat  or  spreading ; 
eyes  round,  open,  bright,  and  straight  ( not  oblique) ;  iris,  rich  deep  brown  ;  lips 
moderate  and  mouth  rather  large  ;  chin  but  little  developed,  and  slight  prognat histu. 

Hair  very  dark  brownish-black  (never  blue-black,  as  among  Malays  and 
Chinese),  curling  closely  to  the  scalp. 

4.  Description  of  Sakaia  (type  b)  as  follows  : — 

Height  does  not  materially  differ  from  that  of  the  Semangs. 

Colour  of  skin,  much  lighter  than  that  of  the  Seinangs,  with  reddish  tinge 
about  breast  and  extremities. 

Head,  long  (dolichocephalic)  ;  among  the  purest  Sakai  markedly  so ;  eyes  rest- 
less, not  bright,  semi-closed.  Face  inclined  to  be  long,  but  broad  at  the  cheek- 
bones, with  pointed  chin ;  elliptical ;  forehead  flat,  but  brow  often  beetling,  the 
notch  above  the  nose  being  very  deep  ;  nose  small,  often  slightly  tilted  and  broad, 
with  deep-set  nostrils ;  beard  consisting  of  a  few  long  frizzly  chin-hairs,  remark- 
ably like  that  of  the  Veddas  of  Ceylon,  to  whom,  at  first  sight,  the  Sakai  present 
considerable  resemblance. 

Hair,  lank  and  wavy,  often  worn  in  a  great  *  shock.' 

6.  Specimens  of  the  types  referred  to  above. 

6.  Food  of  the  wild  tribes  mainly  vegetable  (wild  roots  and  fruits),  eked  out 
by  any  sort  of  animal  food  procurable. 

7.  Hunting  and  trapping.    The  blowgun  and  the  bow.    The  former  is  a  long 
alender  tube  or  blowpipe  composed,  when  possible,  of  a  single  joint  or  internpde  of 
bamboo,  over  six  feet  long,  wnich,  for  protection,  is  inserted  in  a  similar  (slightly 
larger)  tube  or  case.     Method  of  using  it.    Darts,  poisoned  with  the  sap  of  the 
upas  tree  ( Antiaris),  or  the  upas  creeper  (Strychnos),  and  made  to  break  oft  in  the 
wound,    llange  and  effect  of  these  darts. 

1  To  be  published  in  full  in  Jour>n.  Anthrop.  In$t.>  vol.  xxxii. 
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8.  Clothing  of  the  Wild  Tribes. — Cloth  manufactured  from  beaten  tree-bark., 
Methods  of  wearing  this  cloth.  Girdle  manufactured  from  the  rhizomorph  of  a 
fungus.  Necklaces  and  magic  combs  worn  in  their  hair  by  women  as  a  protection 
against  fever  and  snake-bite,  &c. 

0.  Huts  and  shelters  of  the  wild  tribes. — The  tree-hut,  lean-to,  beehive- 
shelter,  and  palm-leaf  hut. 

10.  Musical  instruments,  festivals,  and  songs.    The  nose-flute.     Head-dresses, 
leaf-festoons  and  leaf-bouquets,  said  to  be  worn  to  entrap  demons. 

11.  Chiefs  and  medicine-men.    The  exorcism  of  demons.    The  tiger-man,  or 
tflian. 

12.  Marriages:  the  so-called  ant-heap  ceremony. 

13.  Burials :  the  soul-hut  erected  beside  the  grave  of  the  deceased. 

14.  Ideas  of  a  future  life:  the  moon  as  the  Island  of  Fruits,  us  Wild  Man's 
Paradise. 

11.  Anthropological  Notes  on  Sai  Kan,  a  Siamo- Malay 'an  Village  in  the 
State  of  Nawnchik  (Tojan).  By  NELSON  ANNANDALK,  B.A.,  and 
HERBERT  C.  ROBINSON. 

12.  A  Provisional  Classification  of  the  Swords  of  the  Sarawak  Tribts.{ 
By  R.  SHELFORD,  M.A. 

The  short  swords  or  parangs  of  the  Sarawak  tribes  are  divisible  into  ten 
principal  varieties :  The  parang  ilany  or  malat  of  the  Kayans,  Kenyans,  Kalabits, 
Punans,  and  allied  tribes;  the  mabor,  lanyyai  tinyyany,  jhnpul,  and  baiju  of  the 
Sea-Dyaks ;  the  pakai/un  of  the  Muruts ;  the  parany  prdany  of  the  Malays  and 
Milanos;  the  latoh  of  the  Malays  and  Milanos  ;  the  huko  and  the  panda t  of  the 
Land-Dyaks. 

The  blade  of  the^araw//  ilany  or  malat  differs  from  all  others  in  being  concave 
on  the  inner  side,  convex  on  the  outer  side;  the  blade  also  curves  slightly  out- 
wards. A  xoomorphic  pattern  is  usually  present  on  the  outer  side  of  the  blade, 
rarely  on  the  inner  side.  The  back  of  the  blade  is  shorter  than  the  edge,  HO  that 
the  blade  appears  as  if  it  had  been  obliquely  truncated :  this  truncate  edge  may  be 
termed  the  l  slope.'  The  character  of  the  slope  varies  very  considerably,  and  on 
these  variations  the  natives  base  a  complicated  classification  of  this  type  of  weapon. 
The  handle  is  usually  of  stag's  horn :  it  is  very  elaborately  carved  and  decorated 
with  tufts  of  dyed  hair.  The  sheath  is  composed  of  two  grooved  slats  of  wood 
(as  is  also  the  case  in  all  the  other  varieties  of  parangs),  tightly  bound  together 
with  lashings  of  rattan  and  decorated  with  hair  ;  a  small  bark  pocket  is  lashed  to 
the  inner  side  of  the  sheath,  and  contains  a  small  knife. 

The  niabor  is  the  characteristic  weapon  of  the  Sea-Dyaks.  The  blade  is 
strongly  curved,  and  the  back  and  edge  pass  insensibly  to  a  point,  so  that  there  is 
no  slope ;  there  is  a  prominent  finger-guard.  The  handle  is  much  flattened 
laterally,  and  i<*  invariably  carved  with  a  phyllomorphic  pattern. 

The  lanyyai  tinyyany  is  practically  a  niabor  with  the  handle  of  a  parang  ilang; 
the  term  langgai  li'^'fi'1:.',  iiiriin::1,^  <he  longest  tail-feather  of  a  hornbill,  is  applied 
to  this  weapon  by  reji--»'  of  a  br-»i:«!  groove  which  runs  along  the  blade  on  each 
side,  fancifully  supposed  to  be  feather-like  in  appearance. 

The  jimpul  is  of  recent  origin,  and  may  be  considered  as  a  hybrid  between 
the  langgai  tinggang  and  parang  ilang.  The  blade  has  flat  sides,  thus  resembling 
the  two  preceding  types  ot  parangs ;  but  the  back  and  edge  do  not  pass  insensibly 
to  a  point,  but  there  is  a  short  and  abrupt  slope.  An  incised  phyllomorphic 
design  typically  decorates  both  sides  of  the  blade  near  its  insertion  into  the 
handle,  but  of  late  years  the  Sea-Dyaks  have  taken  to  copying  Kayan  and  Kenyan 
zoomorpbic  designs  in  the  ornamentation  of  their  weapons.  The  handle  is  of  the 
parang  ilang  type. 

1  To  be  published  in  full  in  Jown,  Anthrop.  Intt.,  vol.  xxxi. 
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Tho  bayu  is  a  double-edged  sword ;  the  centre  of  the  blade  on  each  side  is 
grooved  and  ornamented  with  an  incised  pattern. 

TthepaKayun  is  a  long,  narrow  curved  blade,  which  is  never  ornamented  with  a 
design.  Tho  handle  is  invariably  made  of  wood,  and  is  quite  characteristic  in 
shape ;  the  grip  of  the  handle  is  supplied  by  a  cylinder  of  brass  expanding  at  the 
insertion  of  the  blade  into  a  circular  lip,  which  serves  as  a  finger-guard. 

The  parany  pedany  is  largely  used  in  agriculture.  The  blade  is  long,  very 
strongly  curved,  and  very  broad  at  the  end,  tapering  rapidlv  to  tho  point  dt* 
insertion  into  the  handle.  The  handle  is  of  wood,  and  of  a  distinctive  shape. 

The  latuk  is  characterised  by  the  open  angle  which  the  shoulder  of  the  blade 
and  the  handle  form  with  the  rest  of  the  blade.  Tho  cutting  part  of  the  blade  is 
not  curved,  tho  back  is  slightly  shorter  than  tho  edge,  and  there  is  a  hhort  curved 
slope.  The  back  is  very  thick,  BO  that  tho  blade  is  wedpre-shap«:d  in  section  ;  the 
shoulder  is  square  or  polygonal  in  section.  The  weapon  is  held  in  both  hands  by 
the  handle  and  shoulder,  and  forms  a  very  oflicient  chopping  implement. 

The  buko  is  similar  in  shape  to  the  latok,  but  is  a  much  slighter  weapon,  and 
the  handle  is  carved  in  deep  relief  with  a  phylloinorphic  pattern,  whereas  the 
handle  of  the  latok  is  not  ornamented  with  curving. 

The /M/ir/fi?  is  the  war-parang  of  the  Land-Dyaks :  it  is  remarkable  in  having 
no  handle,  tho  elongated  and  angled  shoulder  serving  the  purpose.  A  hole  passes 
through  the  middle  of  the  shoulder,  and  in  this  is  inserted  a  short  cross-piece  of 
iron.  Tho  termination  of  the  blade  is  cut  with  a  V-shaped  notch,  forming  a 
re-entering  anglo  ;  occasionally  the  limbs  of  this  angle  are  produced  into  hooks  and 
projections.  The  sheath  is  decorated  with  tinfoil,  on  which  is  hammered 
geometrical  and  phylloinorphic  designs. 


Y,  SEPTEMBER  is, 

The  following  Papers  were  read : — 

I.  Prrsoiuil  Identification:  A  Description  of  Dr.  Afyhonsr  /ItrtiUoriit  fri/stevi 

ofJdfJitifyiny  Fttyiliw  Offhnfrr^  raffed  by  him  'Lr  Portrait  ParW 
j}y  WILLIAM  M.  DOUGLAS,  Nujjerintendmf  of  Puller,  <vlasgvu\ 

Identification  is  the  ba&is  of  all  pollen  work,  and  it  is  necessary  to  have  a, 
system  or  systems  which  will  meet  the  twofold  purpose  of  indivuluali-in^  persons 
at  larpe.  as  well  as  persons  in  custody.  Dr.  Alphonse  Hertillon,  chief  of  the  Judicial 
Identification  Service*  in  Paris,  has  elaborated  a  system  which  is  divided  into 
threo  parts,  viz.,  anthropometric  signalment,  descriptive  sigualment,  and  signal- 
ment  by  pecidiar  marks.  The  descriptive  sigualment  is  tho  one  by  which  a 
criminal  may  bo  recognised  among  the  multitude)  of  human  beings ;  tho  anthropo- 
metric iutorvenoR  to  establish  his  identity  and  reconstitute  his  previous  criminal 
history  if  ho  is  a  recidivist ;  and  tho  peculiar  marks  serve  to  place  beyond  doubt 
the  results  obtained  by  tho  other  two.  The  groundwork  of  liertillon's  descriptive 
system  is  the  selection  for  description  of  characteristics  which  have,  the  most 
fixity  in  tho  individual  and  tho  moat  variability  in  different  people,  and  tho 
application  to  the  descriptive  terms  of  the  method  of  limits  of  approximation.  The 
descriptive  information  is  divided  into  three  sections:  I.  Chromatic  characters; 

II.  Morphological  characters,  having  special  headings  on  card  ;  III.  Morphological 
characters  without  special  headings.    The  first  embraces  tho  colour  of  the  eyes, 
shades  of  beard  and  hair  and  complexion  ;  tho  second,  the  forehead,  nose,  ear,  and 
build ;  and   tho   third,  tho   lips,  chin,  contour  of  head,  nature,  abundance,  and 
implantation  of   hair  and  beard,   eyebrows,  eyelids,  wrinkles,  neck,    attitude, 
general  demeanour,  voice,  language,  clothing,  and  social  status.    For  the  purpose 
of  describing  peculiar  marks  the  body  is  divided  into  six  sections,  on  each  of 
which  there  are  datum  points  to  locate  tho  marks,  tho  nature,  form,  dimension, 
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and  direction  of  which  are  noted  in  addition  to  localisation,  The  practicability 
of  the  system  for  police  purposes  has  been  tested  by  the  writer,  and  it  has  been 
demonstrated  that  men  of  ordinary  intelligence  can  master  its  apparent  intricacies 
and  apply  it  successfully. 

2,  Notes  on  the  Proposed  Ethnographic  Survey  of  India,     tty  W.  CROOKK, 


3.   Horn  and  Ron?  Implements  found  in  Ipswich. 
I>y  Miss  NINA  F.  LAYARD. 

These  implements  of  horn  and  bone  found  in  Ipswich  came  from  several  parts 
of  the  town,  and  from  various  depths. 

Among  the  cut  antlers  is  one  from  the  bed  of  the  river  Orwell,  which  resembles 
the  horn  picks  exhibited  in  the  Guildhall  Museum. 

The  rest  of  the  examples  shown,  though  certainly  suggestive  of  a  pick,  are 
perhaps  too  awkward  for  this  use,  though  in  one  case  the  tip  has  been  sharpened. 

Ten  of  these  horns  (eight  of  them  cut)  were  found  lying  together  at  u  depth  of 
5  to  6  feet  in  one  of  the  main  streets  of  Ipswich.  Among  them  is  a  very  rude 
knife-handle. 

All  the  horns  already  mentioned  appear  to  be  of  miioh  more  recent  date  than 
four  others  which  were  found  in  gravel  at  a  depth  of  lN}  feet,  of  which,  however, 
12  feet  were  of  made-up  earth. 

In  other  parts  of  the  same  excavations  numerous  Romano-British  relies  were 
discovered,  but  at  a  much  higher  level,  and  always  in  dark  earth. 

Other  implements  from  the  same  gravel  were  exhibited,  and  also  a  large  antler 
found  with  a  skeleton  beside  which  lay  a  portion  of  a  Saxon  comb.  These  were 
found  quite  separate  from  the  rest,  4  feet  below  the  surface  of  the  ground. 

A  pair  of  bone  skate^,  found  in  (College  Street,  Ipswich,  was  »Ko  shown  below 
the  foundations  of  some  very  old  houses  that  were  being  pulled  down,  at  a  depth 
of  10  feet,  in  the  old  river  bed. 


4.  Hints  of  Evolution  in  Tradition.      By  DAVID 

The  author  quotes  the  recent  discoveries  of  pithecoid  men  in  Central  Africa, 
and  infers  from  this  instance  that  similar  undeveloped  types  of  mankind  may  have 
survived  in  other  parts  of  the  world  until  comparatively  recent  times.  In  support 
of  this  view  he  quotes  the  Welsh  tale  of  Kilhwch  and  Ohren,  with  its  descriptions 
of  arboreal  progression  and  of  hairy  men.  The  '  half  men '  of  the  same  tale  he 
compares  with  the  Scandinavian  *  half-trolls'  and  with  the,  llalrprmaitnekem  of 
Flemish  tradition.  Shakespeare's  conception  of  Caliban  ho  regards  as  founded 
upon  similar  reminiscences,  while  the  medirnval  descriptions  of  'Ogres'  are 
largely  based  upon  traditions  of  the  '  tlgrian  '  Huns,  with  projecting  canines  and 
cannibal  propensities. 

Other  instances  of  simian  traits  preserved  in  popular  tradition  are  : — (1)  The 
excessively  long  arms  attributed  to  the  Scandinavian  dwarfs  and  to  the  Picts  of 
the  Scottish  Border.  (2)  The  excessive  hairiness  of  the  *  satyrs '  of  classical  and 
Biblical  tradition,  and  of  the  Northern  *  brownies'  (^.y.,  in  Isaiah  xxxiv.  14  the 
Ileb.  sagnir  —  LXX.  o-drvpos  ---=  Vu\g.,pilosus  --  A.  V.  satyr  (in  Isa.  xiii.  21  the  Bishops' 
Bible  and  Rogers  have  ape)  -fenodyree,  l  brownie,'  in  the  Manx-Gaelic  version  of 
1819 ^--Jiadh-dhuine,  'wild  man,'  in  other  Gaelic  versions).  Compare  the  simian 
place-names  Affenberg,  Affenthal,  &c.  (3)  The  small  stature  of  many  apes  and  of 
the  African  pygmies  is  paralleled  by  the  Welsh  nar  ( =  either  '  pygmy  '  or  '  ape ') 
and  the  Gaelic  al)hav,  and  by  the  descriptions  of  the  '  brownies  and  other  '  little 
people.'  (4)  The  infrahuman  stupidity  of  very  low  races  ;  by  that  of  the  Scottish 
4 brownie';  by  words  like  Gael,  amadan,  for  a  'changeling-';  by  the  English 
oaj-  (  =  elf,  Fr.  aulfe),  and  the  Old  German  dip  (  »  elf),  defined  by  Grimm  as  '  «n 


TRANSACTIONS  OF  SECTION  H.  807 

awkward,  silly  fellow,  one  whom  the  elves  have  been  at  '  ;  and  by  the  Gothic  tumbo, 
'  giant  '  «  Lat. 


5.  Hayic,  Religion,  and  Science.     JRy  J.  S.  STUART  GLENNIE. 


On  Wednesday,  September  11,  the  Coramittoo  resolved  tLat  the  following 
letter  of  congratulation  Iw  addressed  to  Professor  Rudolf  Virchow  on  the  occasion 
of  his  eightieth  birthday  :  —  l 

BRITISH  ASSOCIATION   FOR  THE     ADVANCEMENT   OF  SCIENCE. 

The  faction  t>f  Anthropology  to  Professor  RUDOLF  VIRCHOW. 

it  seldom  falls  to  the  lot  of  one  man  to  establish  a  position  as  you  have  done  as 
a  leader  in  two  great  branches  of  Science.  Throughout  thy  world  you  arc  generally 
recognised  as  t  he  founder  uf  Modern  Pathology,  whilst  in  the  domain  of  Anthro- 
pology your  services  have  been  hardly  le^s  remarkable.  Wherever  anthropologists 
meet  together  your  name  is  mentioned  with  the  respect  and  reverence  that  are  due 
to  a  great.  master. 

At  thu  present  moment  the  British  Association  for  the  Advancement  of  Science 
is  holding  its  annual  meeting  in  Glasgow,  and  the  members  of  the  Anthropological 
Section,  aware  that  you  celebrate  your  eightieth  birthday  on  October  14.  desire  to 
convey  to  you  I  heir  affectionate  greetings,  and  to  express  the  hope  that  you  may  be 
to  add  yet  further  to  the  indebtedness  which  they  owe  to  you  as  a  worker  in 

same  field. 

Signed  on  behalf  of  tho  Committee  of  the  Anthropological  Section. 

J).  .1.  CUNNINGHAM,  President. 
J.  L.  MYKES,  Rcrorfor. 


HjKi 
the 


(ilangow,  September  1  1,  liu>l. 

1  The  Address  was  presented  by  Lord  Lister  to  Professor  Virchow  at  the  Celebra- 
tion which  was  held  in  Berlin  on  October  1  1 
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SECTION  I. — PHYSIOLOGY  finclinlmir  EXPERIMENTAL  PATHOLOGY  and 
EXPERIMENTAL  PSYCHOLOGY). 

PRESIDENT  OF  TUB  SECTION-  !W«>^or  JOTIX  Q.  M('KJ;NI>RTCK,  M.P.,  LL.IX, 

F.K.S. 


THURSDAY,  SUPTMMfimi  12. 
The  President  delivered  tlie  following  Address  :  — 


the  British  Association  met  in  Glasgow  twenty-five  years  ago  I  had 
the  honour  of  presiding  over  Physiology,  which  was  then  only"  a  sub-section  of 
Section  1).  The  progress  of  the  science  (luring  the  quarter  of  a  century  lias  been 
such  as  to  entitle  it  to  the  dignity  of  a  Section  of  its  own,  and  I  fuel  it  to  bo  a 
great  honour  to  be  again  put  in  charge  of  tht*  subject.  Whilo  twenty-live  )ears 
form  a  considerable  portion  of  the  lite  of  a  man,  from  some,  points  of  uew'they 
constitute  only  a  short  period  in  the  life  of  a  science.  I»u1  just  aa  the  growth 
of  an  organism  does  not  always  proceed  at  the  same  rate,  so  is  it  \\ith  the  growth 
of  a  science.  There  are  times  when  the  application  of  new  methods  or  the  pro- 
mulgation of  a  new  theory  causes  rapid  development,  and  then*  are  other  times 
when  progress  seems  to  b«  slow.  Hut  even  in  then*  quiut  periods  there  may  be 
steady  progress  in  the  accumulation  of  facts,  and  in  the  critical  survey  of  old 
questions  from  newer  points  of  view.  So  far  a*  phy*iology  is  concerned,  'the  last 
quarter  of  a  century  has  been  singularly  fruitful,  not  merely  in  the  gathering  in 
of  accurate  data  by  scientific  methods  of  research,  hut  in  the  way  of  getting  a 
deeper  insight  into  many  of  the  problems  of  life.  Thiib  our  knowledge  of  the 
phenomena  of  muscular  contraction,  of  the,  changes  in  the  secreting  cell,  of  the 
interdependence  of  organs  illustrated  by  what  we  now  speak  of  as  internal  secre- 
tion, of  the  events  that  occur  in  the  fecundated  ovum  and  in  the  actively  growing 
cell,  of  the  remarkable  processes  connected  with  the  activit\  of  an  "electrical 
organ,  and  of  the  physiological  anatomy  of  the  central  nervous  organs,  is  very 
different  from  what  it  was  twenty-five  joars  ago.  Our  knowledge  is  now  more 
accurate,  it  goes  deeper  into  the  subject,  and  it  has  more  of  the  character  of 
bcientiiic  truth.  For  a  long  period  the  generalisations  of  physiology  wore  so 
vague,  and  apparently  so  much  of  the  nature  of  more  or  less  happy  guesses,  that 
our  brethren  the  physicists  and  chemists  scarcely  admitted  the  subject  into  the 
circle  of  the  sciences.  Even  now  we  are  sometimes  reproached  with  our  inability 
to  give  a  complete  solution  of  a  physiological  problem,  such  as,  for  example,  what 
happens  in  a  muscle  when  it  contracts;  and  not  long  ago  physiologists  were 
taunted  by  the  remark  that  the  average,  duration  of  a  physiological  theory  was 
about  three  years.  JBut  this  view  of  the  matter  can  only  be  entertained  by  'those 
who  know  very  little  about  the  science.  They  do  not  form  a  just  conception  of 
the  difficulties  that  surround  all  ph\>iological  investigation,  difficulties  far  trail* 
scending  those  relating  to  research  in  dead  matter  ;  nor  do  they  recollect  that 
many  of  the  more  common  phenomena  of  dead  matter  are  still  inadequately 
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explained.  What,  for  example,  is  tho  real  nature  of  elasticity ;  what  occurs  in 
dissolving  a  little  sugar  or  common  salt,  in  water ;  what  is  electrical  conductivity  ? 
In  no  domain  of  science,  except  in  mathematics,  is  our  kn  iwl-i?  *.-»  absolute ;  and 
physiology  shares  with  the  other  eoiences  the  possession  of  problems  that,  if  I 
may  use  a  paradox,  seem  to  be  more  insoluble  the  nearer  we  approach  their 
solution. 

The  body  of  one  of  the  higher  animals — say  that  of  man— is  a  highly  complex 
mechanism,  consisting  of  systems  of  organs,  of  individual  organs,  and  of  tissues. 
Physiologic  have  been  able  to  give  an  explanation  of  the  more  obvious  pheno- 
mena. Thus  locomotion,  the  circulation  of  the  blood,  respiration,  digestion,  the 
mechanism  of  the  senses,  and  the  general  phenomena  of  the  nervous  system  have 
all  been  investigated,  and  in  a  general  way  they  are  understood.  'Hie  same  state- 
ment may  be  made  as  to  the  majority  of  individual  organ1*.  It  U  when  we  come 
to  the  phenomena  in  the  liviug  tissues  that  we  find  ourselves  in  difficulties.  The 
changes  happening  in  any  living  cell,  let  it.  l»e  a  connective  tisMio  corpuscle,  or  a 
secreting  cell,  or  a  nerve-cell,  are  still  imperfectly  understood  ;  and  yet  it  is  upon 
these  changes  that  the  phenomena  of  life  depend.  This  has  led  the  more  thoughtful 
physiologists  in  recent  years  back  again  to  the  study  of  the  cell  and  of  the  simple 
tissues  that  are  formed  from  cells.  Further,  it  is  now  recognised  that  if  we  are  to 
give  an  adequate,  explanation  of  the  phenomena  of  life,  wo  s-hould  study  these, 
not,  in  the  body  of  one  of  the  lower  organisms,  as  was  at  one  time  the  fashion, 
whore  there  is  little  if  any  differentiation  of  Junction — the  whole  body  of  an 
nnupboid  organism  showing  capacities  f  >r  locomotion,  respiration,  digestion  X'c. — 
but  in  the  specialist!  tissue  of  one  of  the  higher  animal*.  Thus  the  mu-cle-ccll 
is  sjK-cialiM'd  for  contraction,  and  varieties  of  epithelium  have  highly  specialised 
functions. 

Hut  -when  cells  are  examined  with  the  highest  microscopic  powers,  and  will i  the 
aid  of  the  highly  elaborated  methods  of  modern  histology,  we  do  not  seem  to  have 
advanced  very  far  toward*  an  explanation  of  the  ultimate  phenomena.  There 
is  the  same  feeling  in  the  mind  of  the  physiologist  when  he  attacks  the  cell  from 
the  chemical  bide.  Jiy  using  large  numbers  of  cellular  elements,  or  by  the.  more 
modern  and  fruitful  met  hods  of  micro-chemist r\ ,  he  resolves  the  cell-substance 
into  pruleids,  carbohydrates,  fats,  siilin»»  mutter,  and  water,  with  pos-ibly  other 
substances  derived  from  the  chemical  chango  happening  in  the  cell  while  it  was 
alive;  but  lie  obtains  little  information  a&  to  how  these  proximate  constituents,  as 
they  are  called,  are  bui't  up  into  the  In  ing  substance  of  the  cell.  IJut  if  wo  con- 
sider the  matter  it  will  be  evident  that  the  phenomena  of  life  depend  on  changes 
occurring  in  the  interactions  of  particles  of  matter  far  too  small  uven  to  be  seen  by 
the  microscope.  The  physicist  nnd  thu  chemist  have  not  been  content  with  the 
invustigjition  of  large  masses  of  dead  matter,  but,  to  explain  many  phenomena  they 
have,  had  recourse,  to  the  concept  ions  of  molecules  and  atoms  and  of  the  dynamical 
laws  that  regulate,  their  moM»nu»nts.  Tlnis  the  conception  of  a  ga<*  as  consisting  of 
molecules  having  a  to-and-fvo  motion,  tirst  advanced  by  Kri'mig  in  1S."H)  and  by 
Claudius  in  l-s">7.  has  enabled  physicists  in  explain  in  a  satisfactory  manner  the 
general  phenomena  of  gases,  such  as  pressure,  \isiMsity,  dillusion,  &c.  In  physio- 
logy few  attempts  have  been  made  in  this  direefn  n, "probably  because  it-  was  felt 
that  data  had  not  been  collected  in  sullicient  numbers  and  \\ilh  suiliL-ient  accuracy 
to  warrant,  any  hypothesis  of  the,  molecular  structure  of  living  matter,  and 
'•':'  '.  '  '•'  have  been  content  with  tho  microscopic  mid  chemical  examination  of 
celis,  01  protoplasm,  and  of  the  simpler  tissues  formed  from  cells.  An  exception  to 
this  general  remark  is  the  well-known  hypothesis  of  l)u  ttois-lleyniond  as  to  tho 
existence  in  muscle  of  molecules  lm\imr  certain  electrical  properties,  by  which  ho 
endeavoured  to  explain  the  mote  obvious  tlectricnl  phenomena  of  muscle  and 
nerve.  The  conception  of  gemmules  by  l>nr\\m  and  of  biojihora  by  \Veismauu 
are  examples  also  of  a  hypothetical  method  "•  •  •"  .  certain  vital  phenomena. 

Of  nil  the  properties  of  living  matter  ••  "  :  must  no  doubt  be  regarded 
as  the  most  fundamental.  On  it  depend  nil  vital  phenomena.  Many  physiologists 
have  endeavoured  to  give  an  explanation  of  assimilation  by  comparing  it  with 
crystallisation,  Hut  the  two  processes  are  very  diilerent.  The  crystal  grows  by 
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the  addition  of  new  molecules  to  its  surface,  but  the  molecules  have  already  been 
formed  in  the  solution  in  which  the  crystal  grows.  The  molecules  are  not  formed 
by  the  crystal ;  they  are  simply  added  to  it  by  a  physical  force.  But  assimilation 
is  a  different  phenomenon.  Like  a  crystal,  living  matter  grows  in  a  nutritive 
medium,  but  the  molecules  which  ca\ise  the  growth  do  not  already  exist  in  the 
medium.  The  living  matter  does  not  increase  by  the  addition  of  molecules 
already  made,  but  by  the  creation  and  absorption  of  new  molecules.  Other 
physiologists  have  attempted  to  explain  assimilation  by  osmotic  action.  Hut 
osmosis  is  a  purely  physical  phenomenon.  When  a  substance  traverses  an  organic 
membrane,  it  does  not  become  a  new  substance.  There  is  no  change  in  its  con- 
stitution. While  osmotic  action  must  undoubtedly  perform  an  important  role,  in 
the  phenomena  of  assimilation,  as  we  see  it  in  all  growth,  it  cannot  fully  explain 
it.  But  if  assimilation  is  an  action  of  a  chemical  nature,  we  can  suppose  that  the 
molecules  of  the  living  matter  in  certain  conditions  split  up  and  then  act  on  the 
molecules  of  the  nutritive  medium,  detaching  atomic  groups  from  these  molecules 
and  combining  with  them  to  form  new  molecules  .similar  to  those  of  the  original 
living  matter,  but  possibly  not  absolutely  alike. 

Physiologists,  however,  have  often  endeavoured  to  find  the  cause  of  assimilation 
in  morphological  structure,  the  structure  of  the  living  substance  and  of  the  cell. 
But  when  we  inquire  into  its  nature  we  find  it  to  be  essentially,  one  might  almost 
say  exclusively,  a  chemical  phenomenon,  and  a  chemical  phenomenon  cannot  be 
explained  by  morphological  structure.  A  chemical  phenomenon  depends  on  the 
molecular  structure  and  allinities  of  the  atoms  of  matter  in  which  the  phenomenon 
occurs.  Assimilation  is  not  determined  by  the  physical  or  structural  character  of 
protoplasm,  or  of  the  cell,  or  any  part  of  it,  but  on  the  chemical  constitution  of 
living  matter,  that  is  to  say  upon  the  structure  oi'  its  molecules.  This  view  of 
the  subject  has  led  some  thinkers,  and  notably  Krrnano  Giglio-Tos  of  Turin,  in  a 
remarkable  book  entitled  '  Les  Problemes  de  la  Vie,'  to  form  the  conception  of  a 
biomolecule,  or  living  molecule,  that  is  to  say  the  smallest  quantity  of  living 
matter  that  can  exhibit  some  of  the  chemical  phenomena  of  life,  Htich  as  respiratory 
exchange,  the  function  of  chlorophyll,  the  starch-forming  function,  and  functions 
of  disassimilation  and  secretion. 

Living  matter,  when  examined  by  the  highest  powers,  presents  some  of  the 
characters  of  an  emulsion ;  that  is  to  say,  it  is  componed  of  minute  particles  with 
fluid  matter  between  them.  These  minute  particles,  built  up  of  biomolecules, 
have  been  termed  by  Tos  biomonen.  Biomones,  in  their  turn,  form  biomonads  or 
bioplasm,  or  molecular  or  granular  protoplasm,  and  this  again  forms  the  cell.  It 
may  be  said  that  these  terms  are  only  new  names  for  things  that  have  been  long 
recognised,  but  it.  subserves  clear  thinking  to  decide  upon  common  terms  which  alt 
may  use.  The  cell  theory  undoubtedly  has  served  its  day,  but  it  is  remarkable 
that  as  cytology  progresses  the  physiological  importance  of  different  parts  of  the 
cell  seems  to  diminish,  and  it  is  necessary  to  give  to  the  constitution  of  living 
matter  a  much  wider  and  more  general  explanation.  The  conception  of  abiomone, 
that  is  a  minute  particle,  showing  the  chemical  phenomena  of  life,  enables  one  to 
understand  how  vital  phenomena  may  be  manifested  without,  for  example,  the 
existence  of  a  nucleus.  The  granules  in  protoplasm,  or,  as  Tos  terms  them, 
biomonads,  are  built  up  of  biomones — and  one  can  conceive  that  the  little  colony  in 
symbiotic  ;  that  is  to  say  that  each  part  is  necessary,  and  each  part  co-operates  with 
the  rest.  But  when  we  come  to  the  ultimate  analysis,  the  distinctive  character 
of  different  kinds  of  protoplasm,  or  cytoplasm,  or  archoplasrn,  or  corpuscles — call 
the  material  by  any  name  the  most  convenient  and  expressive,  depends  on  the 
chemical  nature  of  the  substance. 

These  remarks  are  all  in  the  direction  of  showing  that  as  research  progresses, 
and  as  we  get  a  deeper  insight,  we  find  that  the  phenomena  of  life  are  never  found 
in  structureless  matter.  It  may  appear  to  be  morphologically  structureless,  even 
to  the  highest  powers,  but  in  a  molecular  sense  it  is  structural.  The  progress  of 
histology  also  points  in  the  same  direction.  How  often,  in  former  years,  were 
we  in  the  habit  of  describing  appearances  in  tissues  as  structureless  or  '  finely 
molecular,'  which  we  now  know,  by  better  methods  shows  numerous  details  of 
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structure !  Think  of  all  the  phenomena  of  karyokinesis,  of  the  changes  in  the 
chromatin  that  have  been  observed  in  cells,  of  the  fibrous  structure  of  the  so-called 
grey  matter  of  the  nerve  centres,  of  the  complicated  appearances  seen  in  nerve 
cells,  and  indeed  in  almost  all  cells.  Then  progress  has  been  made  in  the  in\  <-.«1  ipra- 
tion  of  the  chemical  constitution  of  cells.  The  new  school  of  what  one  may  call  the 
micro-chemists — and  1  need  only  mention  the  name  of  Dr.Maccallum,  of  Toronto, 
as  an  example  of  a  worker  in  this  difficult  department  of  science — seems  to  me  to 
be  worthy  of  the  attention  of  all  the  younger  physiologists,  f  have  a  strong 
belief  that  a  careful  investigation  of  the  chemical  constitution  of  cells  and  of  living- 
matter,  conducted  by  micro-chemical  methods,  would  be  of  great  value,  and  might 
throw  some  light,  not  only  on  the  nature  of  living  matter,  lr,'  *r  4l  •  "~Al  -1----1 
changes  in  cells  on  which  disease  depends.  Morphological  •  \  .:  .  •  ". "  ' 

have  been  carried  nearly  as  far  as  it  can  go ;  and  hero  J  would  mention 
the  morphological  examination  of  malignant  tumours,  and  what  is  now  needed  is 
the  detection  of  those  subtle  chemical  changes  that  lie  far  beyond  the  province  of 
the  microscope. 

The  conception,  however,  of  the  existence  in  living  matter  of  molecules  has  not 
escaped  some  astute  physicists.  The  subject  is  discussed  with  his  usual  suggestive- 
ness  by  Clerk  Maxwell  m  the  article  Atom  in  the '  Encyclopaedia  Britannica'  in  the 
volume  published  in  1875,  and  he  places  before  the  physiologist  a  curious  dilemma. 
After  referring  to  estimates  of  the  diameter  of  a  molecule  made  by  Loschmidt  in 
18«5,  by  Stoney  in  1868,  and  by  Lord  Kelvin  (then  Sir  W.  Thomson)  in  1870, 
Clerk  Maxwell  writes  : — 

'The  diameter  and  the  mass  of  a  molecule,  as  estimated  by  these  methods,  are, 
of  course,  very  small,  but  by  no  means  infinitely  »o.  About  two  millions  of 
molecules  of  hydrop-n  in  a  row  would  occupy  a  millimetre,  and  about  two 
hundred  million  million  million  of  them  would  weigh  a  milligramme.  These, 
numbers  must  be  considered  as  exceedingly  rough  guesses  ;  they  must  be  corrected 
by  more  extensive  ond  accurate  experiments  as  science  advances;  but  the  main 
result,  which  appears  to  be  well  established,  is  that  the  determination  of  the  mass 
of  a  molecule  i.^  a  legitimate  object  of  scientific  research,  and  that  this  mass  is  by 
no  means  immeasurably  small. 

*  Loschinidt  illustrates  these  molecular  measurements  by  a  comparison  with  the. 
smallest  magnitudes  visible  by  means  of  a  microscope.  Nobert,  ne  tells  us,  can 
draw  4,001)  lines  in  the  breadth  of  a  millimetre.  The  intervals  between  these  lines 
can  be  obsenod  with  a  good  microscope.  A  cube,  whose  side  is  the  4,000th  of  a 
millimetre, may  be  taken  as  the  minimum  risible  for  observers  of  the  present  day. 
Such  a  cube  would  contain  from  GO  to  100  million  molecules  of  oxygen  or  of  nitro- 
gen ;  but  sine"  the  molecules  of  organised  substances  contain  on  an  average  about 
fifty  of  the  more  elementary  atoms,  we  may  assume  that  the  smallest  organised 
particle  -visible-  under  the  microscope  contains  about  two  million  molecules  of 
organic  matter.  At  least  half  of  every  living  organism  consists  of  water,  so  that 
the  smallest  living  being  visible  under  the  microscope  does  not  contain  more  than 
about  a  million  organic  molecules.  Some  exceedingly  simple  organism  may  be 
supposed  built  up  of  not  more  than  a  million  similar  molecules.  It  is  impossible, 
however,  to  conceive  so  small  a  number  sufficient  to  form  a  being  furnished  with  a 
whole  syst  em  of  specialised  organs. 

4  Thus  molecular  science  sets  us  faco  to  fact*  with  physiological  theories.  It 
forbids  the  physiologist  from  imagining  that  structural  details  of  infinitely  small 
dimensions  can  furnish  an  explanation  of  the  infinite  variety  which  exists  in  the 
properties  and  functions  of  the  most  minute  organisms. 

'  A  microscopic  germ  is,  we  know,  capable  of  development  into  a  highly  organised 
animal.  Another  germ,  eaually  microscopic,  becomes  when  developed  an  animal  of 
a  totally  different  kind.  l)o  till  the  differences,  infinite  in  number,  which  distin- 
guish the  one  animal  from  the  other  arise  each  from  some  difference  in  the  structure 
of  the  respective  germs  P  Even  if  wo  admit  this  as  possible,  we  shall  be  called  upon 
by  the  advocates  of  pangenesis  to  admit  still  greater  marvels.  For  the  micro- 
scopic germ,  according  to  this  theory,  is  no  mere  individual  but  a  representative 
body,  containing  members  collected  from  every  rank  of  the  long-drawn  ramification 
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of  the  ancestral  tree,  the  number  of  these  members  being  amply  sufficient  not 
only  to  furnish  the  hereditary  characteristics  of  every  organ  of  the  body  and  every 
habit  of  the  animal  from  birth  to  death,  but  also  to  aflbrd  a  stock  of  latent 
gemmules  to  be  passed  on  in  an  inactive  state  from  germ  to  germ,  till  at  last  the 
ancestral  peculiarity  which  it  represents  is  revived  in  some  remote  descendant. 

4  Some  of  the  exponents  of  this  theory  of  heredity  have  attempted  to  elude  the 
difficulty  <f  p1  ,•!<'', r..r .!  u1  ole  world  of  wonders  within  a  body  so  small  and  so 
devoid  of  \  >•!•!••  ••:••,(••  ;:••  as  a  germ  by  u&ing  the  phrase  structureless  germs. 
Now  one  material  system  can  differ  from  another  only  in  the  configuration  and 
motion  which  it  has  at  a  given  instant.  To  explain  differences  of  function  and 
development  of  a  germ  without  assuming  differences  of  structure  is,  therefore,  to 
admit  that  the  properties  of  a  germ  are  not  those  of  a  purely  material  system.' 

The  dilemma  thus  put  by  Clerk  Maxwell  is  (first)  that  the  germ  cannot  be 
structureless,  otherwise  it  could  not  develop  into  a  future  being,  with  its 
thousands  of  characteristics;  or  (second)  if  it  is  structural  it  is  too  small  to 
contain  a  sufficient  number  of  molecules  to  account  for  all  the  characteristics  that 
are  transmitted.  A  third  alternative  might  be  suggested,  namely,  that  the  germ 
is  not  a  purely  material  system,  an  alternative  that  is  tantamount  to  abandoning 
all  attempts  to  solve  the  problem  by  the  methods  of  science. 

It  is  interesting  to  inquire  how  far  the  argument  of  Clerk  Maxwell  holds  (rood 
in  the  light  of  the  knowledge  we  now  possess.  First,  as  regards  the  minim  t/m 
risible.  The  smallest  particle  of  matter  that  can  now  be  seen  with  the 
powerful  objectives  and  compensating  eyepieces  of  the  present  day  is  between 
the  looVinr  and  the  ^u&Stnr  of  au  inch,  or  2plon  of  a  millimetre  in  diameter, 
that  is  to  say,  five  times  smaller  than  the  estimate  of  Ilelmhollz  of  ri/((0  of  a 
millimetre.  The  diffraction  of  light  in  the  microscope  forbids  the  possibility  nf 
seeing  still  smaller  objects,  and  when  we  are  informed  by  the  pliyoici«ta  that  the 
thickness  of  an  atom  or  molecule  of  the  substances  investigated  is  not,  much  l«kss 
than  a  millionth  of  a  millimetre,  wo  see  how  far  short  the  limits  of  visibility 
fall  of  the  ultimate  structure  of  matter. 

Suppose,  then,  we  can  see  with  the  highest  powers  of  tin-  micnwope  a 
minute  particle  having  a  diameter  of  ^o,1,,,,,  ()f  a  millimetre,  it  in  possible 
to  conceive  that  some  of  the  phenomena  of  \itality  may  be  exhibited  by  a 
body  even  of  such  small  dimensions.  Some  of  the  objects  now  studied  by* the 
bacteriologist  are  probably  of  this  minute  size,  and  it  is  possible  that  soni"  may 
bo  so  small  that  they  can  never  be  seen.  It  has  been  observed  that  certain 
fluids  derived  from  the  culture  of  micro-organisms  may  be  filtered  through  special 
filters,  so  that  no  particles  are  seen  with  the  highest  powers,  and  yet  those  fluids 
have  properties  that  cannot  be  explained  by  supposing  that  they  contain  toxic 
substances  in  solution,  but  rather  by  the  assumption  that  they  contain  a  greater 
or  less  number  of  organic  particles  so  small  as  to  be  microscopically  invisible.1 

1  The  cvirlence  upon  this  point  is  derived  from  pathological  sources.  I  am 
indebted  to  my  friend  Dr.  James  Ritchie,  of  the  Pathological  Institute  of  Oxford, 
for  the  following  notes  : 

Notes  on  Organism*  loo  small  to  be  sevii  by  the  Jfirrwojic. 

The  filters  used  in  the  work  performed  in  the  lirv. t!  -*•  *  r  .ch  organisms  are. 
of  several  kinds  and  patterns.  They  are  tubes  •  .  .  •  •  made  of  either 
(n)  kieselguhr  as  in  the  Bcrkcfeld  filter,  or  (6)  of  unglaxed  porcelain  as  in  the 
Ohamberland  and  Kitasato  filters.  They  jiro  of  varying  degrees  of  porosity  accord- 
ing to  the  fineness  of  the  material  used.  The  most  porous,  i.e.,  those  which  will 
let  through  the  largest  particles,  are  the  Bcrkefeld ;  next  comes  the  Chamberland 
*  F  '  pattern ;  next  the  Chamberland  '  J> '  pattern  and  the  Kitasato  tubes*.  All  such 
filters  are  used  either  by  forcing  the  liquid  through  by  pressure  or  by  inserting 
them  into  a  filter  flask  which  can  be  exhausted.  The  finer  kinds  will  keep  back  all 
known  bacteria.  Further,  as  showing  their  mode  of  action,  the  finer  kinds  will  not 
allow  all  the  constituents  of  such  a  fluid  as  blood  serum  to  pass  through  ;  a  certain 
amount  of  albumen  is  kept  back.  The  three  diseases  which  have  been  investigated 
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The  evidence  is  briefly  as  follows:  micro-organisms  produce  chemical  sub- 
stances or  toxines  which,  have  certain  physiological  effects ;  these  toxines  cannot 
increase  without  the  presence  of  :: '.  •,-  :/.-.;•-.!  •:  if,  then,  the  micro-organisms 

in  which  there  appears  to  be  evidence  of  the  presence  of  organisms  too  small  to  be 
seen  by  the  microscope  are  foot-and-mouth  disease,  the  contagious  pleuro-pncumonia 
of  cattle,  and  South  African  horse-sickness. 

(1)  Foot-and-mouth  Disease. --ItouifteT  and  Frosch  l  have  shown  that  the  lymph 
from  the  vesicles  in  the  mouth  of  an  infected  animal  if  filtered  through  a  Berkefcld 
filter  still  in  a  dose  of  ±  c.c.  killed  a  calf  in  the  same  time  as  the  unfiltered  lymph. 
This  experiment  was  controlled  as  to  the  impermeability  of  the  filter  by  infecting 
the  lymph  before  filtration  by  a  culture  of  a  very  minute  bacterium  which  did  not 
pass  through  the  filter.    The  highest  microscopic  "power  failed  to  detect  anything  in 
the  filtrate.    They  found,  however,  that  if  the  lymph  were  mixed  with  a  fluid  more 
rich  in  albumen  than  the  lymph  itself,  then  1  he  filtrate  lost  its  infectiveness. 

(2)  Plcuro-2>neumoni<i.     Nocard '-'  found  that  the  pleural  effusion  mixed  with  water 
if  filtered  through  a  Berkefeld  or  a  Ohamberland  *  F '  was  still  infective,  but  in  such 
watery  lluids  it  was  arrested  by  the  Oharnberlanrl  « B  *  and  by  the  Kitasato.    He 
further  found  that  there  were  in  the  infective  filtrate  retractile  particles,  which, 
however,  could  not  be  resolved  by  a  magniiication  of  2,000  diameters,  but  which  he 
considered  might  be  the  infective  agents. 

(:$)  Iforsc-xlfikness.-  -McFadyean*  found  that  the  diluted  blood  of  an  infected 
horse  could  pass  through  a  Berkefeld  and  through  a  Chamberland  *  F '  and  still  re- 
main infective ;  and,  further,  that  if  the  blood  of  a  horse  which  had  died  from  this 
infection  were  filtered  through  a  Chamberland  •  IV  it  was  still  infective  and  killed  a 
horse  in  the  same  time  :»s  the  original  filtrate.  Again  microscopically  nothing  could 
be  seen,  and  again  the  eilicacy  of  the  filters  was  controlled  by  mixing  the  blood  to 
be  tested  with  putrefactive  organisms  which  the  tilter  kept  back  as  usual.  Nocard  4 
in  one  case  says  that  blood  can  be  freed  of  this  infection  by  filtration,  but 
McFadyean's  experiments  am  very  numerous  and  so  carefully  done  that  this  one 
negative  instance  may  be  explained  by  want  of  susceptibility  in  the  animal  used. 

Of  course  the  great  difficulty  is  to  be  sure  that  the  filters  were  efficient  and  had 
no  cracks,  which  such  filters  are  very  apt  to  have,  but  the  work  has  been  so  carefully 
controlled  that  this  source  of  error  may  be  excluded.  The  remaining  source  of  ob- 
jection is  that  the  pathogenic  agent  might  not  be  a  bacterium  but  its  toxine.  The 
most  important  experiments  heie  are  those  of  McFadyenn,  who  filtered  the  blood  of 
horses  infected  with  filtered  blood  and  found  it  still  infective;  and  atao  those  of 
Loofller,  who  goes  carefully  into  this  question  and  finds  that  such  an  explanation  is 
not  feasible.  The  formation  of  fresh  toxine  within  an  animal's  body,  apart  from  the 
actual  presence  of  the  bacteria  which  ordinarily  form  it,  is  unknown,  and  McFadyean's 
work — wherewith  the  second  horse's  blood  the  period  of  fatal  illness  was  practically 
the  same  as  with  similar  quantities  of  the  filtrate  from  the  first  horse — I  think, 
clinches  the  matter. 

Lsccrpt  from  a  Letter  fnnn  Dr.  Ritchie. 

The.  only  objection  to  the  validity  of  the  experiments  I  think  is  that  it  might  be 
a  toxine  that  passes  through.  1  briefly  stated  [in  above?  notes]  an  answer  to  this 
objection,  namely,  McFadycan's  work,  when  he  inoculated  a  second  horse  from  the 
filtered  blood  of  a  horse  that  had  itself  been  infected  with  filtered  blood.  Now  it 
might  be  urged  cvon  against  this  experiment  that,  such  a  large  quantity  of  poison 
had  boon  injected  into  the  first  horse  that  even  when  it  had  been  diluted  by  all  the 
body  fluids  of  that,  horse,  and  had  been  diminished  by  excretion  for  the  eight  or  ten 
days  of  the  first  horse's  life,  there  still  remained  a  large  quantity,  and  it  was  part  of 
this  that  killed  the  second  horse.  Now  if  this  were  the  case,  there  evidently  must 
have  been  much  less  given  to  the  second  horse  than  to  the  first ;  and  if  this  wore  so,  the 
duration  of  the  fatal  illness  in  the  second  horse  would  have  been  much  longer.  Now 
this  latter  did  not  occur  They  both  died  in  about  the  same  time.  In  fact  so  different 
were  the  doses  given  in  McFadyean's  different  experiments  that  if  it  were  a  toxine 


1  Ct'Htralblatt  f.  Hatter.,  xxiii,  371. 

2  Jiulletin  ffala  NtwiMfi  Central?  ///•  .I//*/.  YMtr'knaire  (N.S.),  xvii.  411. 
8  Journ.  Camparatiro  Path.,  xiii.  1  :  xiv.  103. 

*  Recucil  de  MM.  WfMnalre,  scr.  viii.,  tome  viii.  37. 
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are  removed  by  filtration,  and  if  the  toxine  solution  is  very  much  diluted,  tho 
solution  when  injected  into  a  living  animal  should  produce  a  weaker  effect  than 
when  the  unfiltered  fluid  is  introduced.  This,  however,  is  not  the  case.  Tho 
filtered  fluid,  in  which  no  micro-organisms  can  be  seen  with  tho  highest  powers, 
after  some  time,  acts  as  virulently  and  rapidly  as  an  unfiltered  fluid,  and  the  infer- 
ence is  justifiable  that  invisible  micro-or^ani-ip-  are  still  present,  as  without  these 
it  is  difficult  to  account  for  the  jiT*NtiMi<v  "''  \irulence.  I  am  of  opinion,  there- 
fore, that  it  is  quite  justifiable  to  assume  tha.t  vitality  may  be  associated  with 
such  small  particles,  and  that  we  have  by  no  means  reached  what  may  be  called 
the  vital  unit  when  we  examine  either  the  most  minute  cell  or  even  the  smallest 
particle  of  protoplasm  that  can  be  seen.  This  supposition  may  ultimately  bo 
of  service  in  the  framing  of  a  theory  of  vital  action. 

Weismann  in  his  ingenious  speculations  has  imagined  such  a  vital  unit  to 
which 'he  gives  the  name  of  a  biophor,  and  he  has  even  attempted  numerical  esti- 
mates. Before  giving  his  figures  let  us  look  at  the  matttr  in  another  way.  Take, 
the  average  diameter  cf  a  molecule  as  the  millionth  of  a  millimetre,  and  tho 
smallest  particle  visible  as  the  ssJffo  of  a  millimetre.  Imagine  this  small 
particle  to  bo  in  the  form  of  a  cube!  Then  there  would  be  in  the  side  of  the  cube, 
in  a  row, -fifty  such  molecules,  or  in  the  cube  50x50x50  -J  25,000  molecules. 
But  a  molecule  of  organised  matter  contains  about  fifty  elementary  atoms.  So 
that  the  125,000  molecules  4n  groups  ttf  about  fifty  would  number  1<\VtVJ-  =  ^«r>W 
organic  particles.  Suppose,  as  was  done  by  Clerk  Maxwell,  one  half  to  be  water ; 
there  would  remain  1,250  organic  particles.  The  smallest  particle  that  can  bo 
seen  by  the  microscope  may  thus  contain  as  many  as  1,250  molecules  of  such  a 
substance  as  a  proteid. 

Woitmaun's  estimates  as  to  the  dimensions  of  the  vital  unit  to  which  he  ffivea 
the  name  of  biophor  may  be  shortly  .stated.  He  takes  the  diameter  of  a  molecule 
at  awfffonyff  of  a  millimetre  (instead  ol  the  one  millionth)  and  he  assumes  that  tho 
biophor  contains  1,000  molecules.  Suppose  the  biophor  to  be  cubical,  it,  would 
contain  ten  in  a.row,  or  10  x  10  »  10  =  1,000.  Then  the  diameter  of  the  biophor 
would  be  the  sum  of  ten  molecules,  or  aoofanro  x  10  -  ^noWio  or  aooVoo  °*'  a 
millimetre.  Two  hundred  biophors  would  therefore  measure  .^Woo  or  roV.  mm- 
or  1  /LI  (micron  ~  -frf-^  mm.).  Thus  a  cube  one  side  of  which  was  1  p.  would 
contain  200x200x200-8,000,000  biophors.  A  human  red  blood  corpuscle 
measures  about  77  fi;  suppose  it  to  be  cubed,  it  would  contain  as  many  as 
3,652,264,000  biophors.  If  the  biophor  had  a  diameter  of  To0T)Woo  mm-  tll° 
number  would  be  much  smaller. 

Now  if  the  smallest  particle  that  can  be  seen  (V^nTr  mm.)  may  contain  1,250 
molecules,  let  us  consider  how  many  exist  in  a  biophor,  which  we  may  imagine  as 
a  little  cube,  each  side  of  which  is  a0<jV.iTn  nim.  There  would  then  bo  live  in  a 
row  of  such  molecules,  or  in  the  cube  5  x  5  x  5  =  125  molecules  ;  and  if  tho  half 
consisted  of  water  about  sixty  molecules. 

Let  us  apply  these  figures  to  the  minute  particles  of  matter  connected  with  tho 
hereditary  transmission  of  qualities.  The  diameter  of  the  germinal  vesicle  of  tho 
ovum  is  ./0  of  a  millimetre.  Imagine  this  a  little  cube.  Tukinp  the  diameter  oi 
an  atom  at  j-<jffiu?j<T  of  a  millimetre,  and  assuming  that  about  fifty  exist  in  each 
organic  molecule  ( proteid,  &c.),  tho  cube  would  contain  at.  least  25,000,000,000,000 
organic  molecules.  Again,  the  head  of  tho  spermatoznid,  which  is  all  that  is 
needed  for  the  fecundation  of  an  ovum,  has  a  diameter  of  about  aJ0  mm.  Iimigmo 
it  to  be  cubed;  it  would  then  contain  25,000,000,000  organic  molecules.  When 
the  two  are  fused  together,  as  in  fecundation,  the  ovum  starts  on  its  life  with  over 
26,000,000,000,000  organic  molecules.  If  wo  assume  that  one  half  consists  of  water, 
then  we  may  say  that  the  fecundated  ovum  may  contain  as  many  as  about 

that  he  was  using  the  periods  of  fatal  illness  ought  to  have  varied,  which  they  <li<3 
not  do  very  much.  Taking  OAY-I  \Miir.,:  into  account,  while  infection  by  a  toxim 
cannot  be  absolutely  excluded,  -•  i'i  i»  the  cases  of  foot-and-mouth  disease  and  horse- 
sickness  the  experiments  I  think  strongly  indicate  that  it  is  actually  some  form  oi 
life  which  pabses  through  the  filter. 
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12,000,000,000,000  organic  molecules.  The  organic  molecules  we  are  considering 
are  such  as  build  up  living  matter,  namely,  proteids,  fats,  carbohydrates,  saline 
substances,  and  water.  There  is,  however,  no  satisfactory  evidence  that  they  exist 
as  such  in  living  matter,  and  it  may  be  that  they' are  formed  when  living  matter 
dies.  Thus  the  molecule  of  living  matter  may  be  a  much  more  complicated 
molecule  than  even  that  of  such  a  complex  proteid  as  hemoglobin,  so  that  it  may 
contain  10,000  atoms.  But  even  if  this  wore  the  case-  tho  fecundated  ovum  might 
yet  contain  1,200,000,000  of  such  complex  molecules.  Clerk  Maxwell's  argument 
that  there  worn  too^  few  organic  molecules  in  an  ovum  to  account  for  the  transmission 
01  hereditary  peculiarities  does  not  apparently  hold  good.  Instead  of  the  numl>er 
of  organic  molecules  in  the  germinal  vesicle  of  an  ovum  numbering  something  liko 
a  million,  the  fecundated  ovum  probably  contains  millions  of  millions.  Thus  the 
imagination  can  conceive  of  complicated  arrangements  of  these  molecules  suitable  for 
the  development  of  all  the  parts  of  a  highly  complicated  organism,  and  a  sufficient 
number,  in  my  opinion,  to  satisfy  all  the  demands  of  a  theory  of  heredity.  Such  a 
thing  a,s  a  structureless  germ  cannot  exist.  Each  germ  must  contain  peculiarities 
of  structure  sufficient  to  account  for  the  evolution  of  the  new  being,  and  the  germ 
must  therefore  be  considered  as  a  material  system. 

Further,  the  conception  of  the  physicist  is  that  molecules  ftro  more  or  less  in  n 
state  of  movement,  und  the  most  advanced  thinker*)  are  striving  towards  a  'kinetic 
theory  of  molecules  and  of  atoms  of  solid  mRtter  which  will  b»  as  fruitful  as  the 
kinetic  theory  of  gases.  The  ultimate  elements  of  bodies  are  not  freely  movable 
each  by  itself;  the  elements  are  bound  together  by  mutual  forces,  so  that  atoms 
are  combined  to  form  molecules.  Thus  there  may  bo  two  kinds  of  motion,  atomic 
and  molecular.  By  molecular  motion  is  meant  'the  tninslatory  motion  of  the 
rentroid  of  the  atoms  that  form  the  molecule,  while  ns  atomic  motion  we  count  nil 
the  motions  which  tho  atoms  can  individually  execute  without  breaking  up  the 
molecule.  Atomic  motion  includes,  therefore,  not  only  the  oscillations  that  take 
place  within  the  molecule,  but  also  the  rotation  of  the  atoms  about  the  centroid  of 
the  molecule/  l 

Thus  it  id  conceivable'  that  certain  vital  activities  may  be  determined  by  the 
motion  that  takes  place  in  tho  molecules  of  what  we  speak  of  as  living  matter. 
It  may  bo  different  from  some  of  the  motions  known  to  physicists,  and  it  is  con- 
ceivable that  in  the  state  we  call  living  there  may  be  tho  transmission  to  dead 
matter,  the  molecules  of  which  have  already  a  kind  of  motion,  of  a  form  of 
motion  wii  generis.  The  imagination  fails  to  follow  the  possible  movements  of 
molecules  in  a  particle  of  living  protoplasm.  Wo  cannot  grasp  the  wondrous 
spectacle  of  the  starry  heavens  with  its  myriads  of  orbs  all  in  motion,  each  motion 
being  rigorously  determined.  Hut  if  we  could  see  into  the  structure  of  living 
matter,  wo  would  find  another  universe  of  molecules  in  movement,  and  here  again 
we  would  also  iind  \\w  rigor  of  law.  On  the  character  and  complexity  of  these 
movements  will  depend  the  physical  and  chemical  phenomena  manifested  by  this 
living  matter.  The  chemical  irritability  of  living  matter  which  is  perhaps  one 
of  its  most  remarkable  characteristics,  the  rapid  series  of  chemical  exchanges 
going  on  between  its  own  parts  and  between  itself  und  the  matter  surrounding 
it,  the  changes  in  surface  tension,  in  elasticity,  and  the  changi'8  in  electrical 
condition,  are  all  in  .some  way  associated  with  the  movements  of  the  molecules  of 
which  it  is  constructed.  It  will  only  be  when  we  have  grasped  the  significance  of 
these  molecular  movements  that  we  will  be  able  to  gi.ve  a  rational  explanation  of 
tho  ultimate  phenomena  of  tho  living  state.  Just  as  the  physicists  of  to-day  are 
striving  towards  a  dynamical  conception  of  tho  phenomena  of  dead  matter,  so  T 
believe  the  physiologists  of  to-morrow  (a  far  otl'  to-morrow)  will  be  striving 
towards  a  dynamical  conception  of  life  founded  on  a  molecular  physiology. 

1  oiler  these  remarks  with  much  diflidencc,  and  I  am  well  aware  that  much 
that  I  have  said  may  be  regarded  as  purely  speculative.  They  may,  howover, 
stimulate  thought,  and  if  thoy  do  so  they  will  have  served  a  good  purpose.  Meyer 
writes  as  follows  in  the  introduction  to' his  great  work  on  '  The  Kinetic  Theory  of 

1  Meyer,  Kinetic  Theory  ttf  Gases.    Translated  by  ttaynes,  London,  1809,  p.  6. 
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the  opposite  way,  namely,  by  starting  from  an  unproved  and  improvable,  hut 
probable,  hypothesis,  analytically  following  out  its  consequences  in  every  direction, 
and  determining  its  value  by  comparison  of  thebe  conclusionb  with  the  result  of 
experiment.' 

The  following  Papers  were  read  :  — 

1.  On  the  Use  of  the  Telephone  for  invcstiyatiny  the  Rhythmic  Phenomena 
in  Muscle.    By  Sir  JOHN  BURDOX  SANDERSON,  Bart.,  F.fi.S. 

2.  An  Experiment  on  the  '  Motor'  Cortex  of  the  Monkey. 
By  Professor  C.  S.  SIIERKINOTOX,  F.R.S. 


3.  Arsenical  Pigmentation.    By  Professor  J.  A.  WANKLYN,  AT. B.C. ft. 

The  publication  of  Bunsoii's  splendid  researches  on  '  A  Now  Series  of  Organic 
Compounds  containing  Nitrogen  as  u  Constituent  '  was  prefaced  bv  a  very 
remarkable  pronouncement  in  '  Poggendorfl''*  Auualen  '  in  the  Year  1Htt7.  Tin1 
curious  liquid  known  as  Cadet '*  fuming  liquor,  and  discovered  in  17(>0,  had  lor 
many  years  been  mentioned  in  the  then  current  chemical  literature,  and  in 
accordance  with  the  views  then  prevalent  among  ehemi^t^  AXJIS  looked  upon  a*  a 
compound  of  acetic  acid  with  fii>enic.  Jlunsen's  researches  luid  completelv  M-t 
aside  that  view  of  the,  constitution  of  the  liquid, und  in  bringing  liis»  re*ulN  In- fore 
the  chemical  world  itan*ou  uiiiiouiiced  that  the  compounds  of  ai>cnic  lesemhled 
the  compounds  "of  nitrogen  rather  than  the  compound*  of  ihe  common  inctnl*. 
Carbon,  hydrogen,  oxygen,  and  nitrogen  had  been  called  the  organic  elements. 
Bunsen  hinted  that  arsenic  belonged  to  tho  organic  element.-,  and  maintained 
that  oxide  of  knkodyl  (which  exists  in  Cadet's  fuming  liquor)  and  l\akod\lic 
acid  (which  is  obtained  by  oxidising  Cadet's  fuming  liquor)  are  organic  com- 
pounds iu  whicli  arsenic  has  been  substituted  for  nitrogen. 

Tho  utmost  diversity  prevails  among  organic  compound*  containing  nitrogen  : 
some  are  virulently  poisonous  and  others  are  harmless;  wmie  are  colourless^ and 
others  are  dye-stufls ;  and  a  like  diversity  is  found  in  tbo  compound*  of  ar*enic. 

On  the  present  occasion  1  wish  to  call  attention  to  an  organic  arsenical  com- 
pound, which  is  a  red  pigment  discovered  bv  Bun*eu  about  sixty  years  ago,  und. 
named  *  Erytrarsin.J  According  to  Bunsun's  analysis,  its  composition  is  e* pressed 
in  the  formula  C|U,.,A8hOr 

It  is  described  by  IJunseu  us  being  vory  diih'cult  to  obtain,  be ingf  one  of  the 
oxidation  products  of  kakodyl ;  but  this  conditions  under  whicli  it.  is  produced  are 
so  little  understood  that  from  100  grammes  of  oxide  of  kakodyl  tbe  yield  of 
erytrarsin  was  only  half  n  gramme.  Apparently,  however,  it  -vxould  seem  that 
traces  of  it  are  frequently,  and  perhaps  always,  formed  during  the.  preparation  of 
kakodyl. 

In  a  recent  preparation  of  kakodyl  in  an  unusual  manner  in  my  laboratory  I 
have  obtained  it,  and  if  1  am  not  deceived  tho  yield  Is  not  quite,  so  small  as  when 
kakodyl  is  produced  in  the  usual  way.  The  solid  hydridn  of  arsenic  is  said  to  bo 
a  pink  solid.  Arsenical  films,  as  is  well  known,  vary  greatly  in  tints :  they  may 
be  black  or  various  shades  of  brown,  and  even  yellow.  Under  certain  circum- 
stances it  would  seem  that  arsenic  enters  into  combination  with  carbon  and  forms 
ft  black  substance.  There,  is  also  the*  well-known  yellow  sulphurot.  In  fine, 
arsenic  and  its  compounds  afford  abundant  scope  for  great  variety  of  coloration 
in  cases  of  arsenical  pigmentation. 

Kakodyl  (which  is  a  compound  of  carbon,  h\dn-jfon,  and  arsenic)  is  a  liquid 
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which  possesses  the  property  of  being  spontaneously  inflammable,  At  the  time 
of  its  discovery  in  1837  kakodyl  afforded  the  only  known  example  of  a  liquid 
•which  at  once  burst  into  name  on  exposure  to  the  air.  The  gas  phosphoretted 
hydrogen  (which  takes  tire  spontaneously)  was  known  to  chemists,  and  the  solid 
phosphorus  was  also  known.  Since  the  discovery  of  kakodyl  a  crowd  of  spon- 
taneously inflammable  substances  have  come  to  light.  Twelve  years  later  on — 
1848-1849 — the  singular  substances  zinc  methyl  and  zinc  ethyl  were  discovered 
in  Bullion's  laboratory  by  the  lute  Sir  Edward  Frankland;  and  after  another  ten 
years  (also  in  Bunsens  laboratory)  Wanklyn  added  to  the  list  potassium  ethyl, 
Hodium  ethyl,  lithium  ethyl,  calcium  ethyl,  and  strontium  ethyl. 

Spontaneous  inflammability  implies  lhat  the  substance  everts  chemical  action 
energetically  and  with  fuci/ity. 

Kakodyl  of  tin*  year  lH.'J7  fired  spontaneously,  and  also  combined  at  once  with 
sulphur,  chlorine,  bromine,  iind  iodine.  But  kakodyl  did  not  decompose  water. 
Zinc  ethyl  (1817-48)  not,  only  combined  with  all  the  elements  just  mentioned,  but 
it  was  powerful  enough  to  decompose  water  instantaneously. 

Sodium  ethyl  (l8o"7-»r>8)  displayed  onergy  enough  1o  decompose  carbonic  acid 
itself  instantaneously,  and  at  ordinary  temperatures. 


4.  The  Physical  Properties  of  Caseinogen  Halts  in  Solution. 
%  W.  A.  OSBORNE,  D.Sc. 

5.  Colour  Vision.     By  F.  W.  KDRIDOE-GREEV,  J/.Z>.,  F.R.C.S. 

The  hypothesis  which  I  have  brought  forward  for  disciiNsion  at  this  meeting 
i«*  that  light  falling  upon  the  retina  liberates  the  visual  purple  from  the  rods  and 
a  photograph  is  formed.  The  decomposition  of  the  \isual  purple  by  light  chemi- 
cally stimulates  the  ends  of  the  cones  and  a  visual  impulse  is  set  up,  which  is  con- 
veyed through  tho  optic  nerve*  fibres  to  t he  brain.  I  assume*  that  the  visual  impulses 
caused  by  the  different  rays  of  light  diflVr  in  character  just  as  the  rays  of  light 
differ  in  wave  length.  Then  in  tho  impulse  itself  w«»  have  tho  physiological  basis 
of  light,  and  in  th»  quality  of  the  impulse  the  physiological  ba^is  of  colour.  I 
have  assumed  that  the  quality  of  the.  impulse  is  perceived  by  a  special  perceptive 
centre'  within  the  power  of  perceivinur  differences  possessed  by  that  centre  or 
portions  of  that  centre. 


FRIDAY,  SEPTEMBER  13. 

Tho  following  Papers  were  rend : — 


1.  A  Demonstration  of  Apparatus  employed  in  JtewarrJtm  on  the.  Snbjeet  of 
Phonetics.     %  Professor  J.  U.  MclvKNDiurK,  F.R.tf. 


±  Restoration    of   Voluntary    Movement   after   Aftt'.ratton   of  the  A 
supply  by  .AVm'-mm ?'??#,  or  Anastomosis.    Jiy  R.  KENNEDY,  J/.Z). 


S.i  TURD  A  I~,  SE 

The  Section  did  not  meet. 
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MONDAY,   SEPTEMBER  16, 

The  following  Papers  were  read  : — 

1 .  Note  on  the  Action  of  Oxalates  upon  the  Relationship  of  Calcium  Salts 
to  Musde.    By  W.  BRODIK  BBODIE,  M.B. 


2.  Can  Solutions  of  Native  Proteids  exert  Osmotic  Pressure  ? 
By  Professor  E.  WAYMOUTTI  REID,  F.R.S. 


3.  An  Ionic  Effect  in  the  Small  Intestine. 
By  Professor  E.  WAYMOUTJI  REID,  F.R.8. 


4.  Has  the  Spleen  a  Hwmopoietic  Function  ?     By  D.  NOEL  PATOX, 

LOVKLL  GULLAXD,  L.  J.  S.   FOWLKR. 


5.  The  Measurement  of  Visual  Illusion. 
By  ])r.  W.  II.  II.  RIVERS. 


TUESDAY,   SEPTEMBER    17. 
The  following  Papers  were  read  : — 

1.  Observations  ^vith  Gallon's  Whistle.     By  C.  S.  MYKHS. 


2.  Demonstration  of  a  Model  showiny  the  Mechanism  of  the  Froy's 
Tonyuc.     By  Professor  A!AHCUS  JIARTOG. 


The  following  Reports  *were  received  by  the  Committee  : — 
L  Report  on  the  Micro-chemistry  of  Cells. — See  Reports,  p.  445. 

2.  Interim  Report  on  the  Physiological  Effects  of  'Peptone. 

3.  The  Chemistry  of  Bone  Marrow. — See  Reports,  p.  447. 
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SECTION  K.— BOTANY. 
PRESIDENT  OF  THE  SECTION.— Professor  I.  BAYLEY  BALFOUR,  D.Sc,,  F.R.S. 


THURSDAY,  SEPTEMBER  19. 

The  President  delivered  tin;  following  Address : — 

I  SHOULD  be  wanting-  in  my  duty,  alike  to  you  and  to  our  science,  were  I  at  the 
outset  of  our  proceeding's  to  pass  over  without  notice  the  circumstances  of  environ- 
ment in  which  we  assemble  to-day.  In  this,  the  first  year  of  the  century,  our 
Section  meets  for  the  tirst  time  in  Scotland,  and  iinds  itself  housed  in  this  magni- 
ficent Botanical  Institute,  which,  through  the  energy  and  devotion  of  Professor 
.Bower,  has  been  added  this  year  to  the  equipment  of  Botany  in  this  country.  A 
few  months  ago  the  Institute  was  opened  in  the  happiest  auspices  and  with  all  the 
(lihtiuctioii  that  thn  presence  of  our  veteran  botanist,  Sir  Joseph  Hooker,  supported 
by  two  other  ex-Presidents  of  the  lloyal  Society — Lord  Lister  and  Lord  Kelvin — 
could  give  to  the  ceremony.  I  am  sure  we  will  cordiallv  echo  the  words  of  good- 
will that  were  spoken  on  that  occasion.  It  must  be  to  all  of  us  a  matter  of  con- 
gratulation thnt  Botany  has  now  provided  for  it  in  Glasgow  this  Institute  both 
for  its  teaching  and  for  the,  investigation  of  its  inner  secrets,  and  we  may  with 
confidence  hope  that  the  output  of  valuable  additions  to  our  knowledge  of  plant- 
life  which  has  marked  Glasgow  during  the  tenure  of  office  of  its  present  dis- 
liiiiriiiilied  Professor  of  Botany,  and  in  which  lie  himself  has  borne  so  large  a  share, 
will  not  only  continue  but  will  increase  in  a  ratio  not  incommensurate  with  the 
facilities  that  are  now  provided. 

The  subject  of  my  address  is  the  group  of  A  n-ji-'-p'-nn-.  I  will  speak  gene- 
rally of  some  points  in  their  construction  from  tin-  p"'mt  •  !'  \iewoftheirpositionas 
the  dominant  vegetation  of  the  earth's  surface  at  the  present  time,  and  move  par- 
ticularly of  their  relationship  to  water,  as  it  is  one  which  has  much  to  do  with 
thoir  holding  the  position  they  now  have.  \  wish,  however,  in  the  first  place  to 
refer  to 

The  Communal  Organisation  of  Anyioxpe.rms. 

No  fact,  of  the  construction  of  the  plant-body  that  has  been  established  within 
recent  years  is  of  greater  importance  than  that  of  the  continuity  of  protoplasm  in 
pluricellular  plants.  As  has  been  the  case  with  so  many  epoch-making  discoveries, 
we  owe  our  first  knowledge  of  this  to  the  work  of  a  British  botanist.  The  de- 
monstration by  Gardiner  of  the  existence  of  intercellular  protoplasmic  connections 
is  the  foundation  of  our  modern  notion  of  the  constitution  of  the  pluricellulnr 
plant-body  and  of  the  far-reaching  conception  of  the  communal  organisation  of 
Angiosponns  and  of  all  other  Metaphyta.1  It  has  settled,  once  and  for  all, 

1  Metaphyta  and  its  antonym  Protophyta  are  well-established  names  for  groups  of 
polyergic  and  monergic  plants  respectively.  The  recent  appropriation  of  Metaphyta 
as  a  group  name  for  Vascularos,  »V.,  plants  derived  from  the  second  antithetic 
generation,  and  of  Protophyta  for  Cellularcs,  I.e.,  plants  derived  from  the  first  anti- 
thetic generation,  is  unfortunate. 
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phytomerie  hypotheses.  We  now  realise  that  in  an  Angiospermthe  living  phirinu- 
cleated  protoplasm  is  spread  over  a  skeletal  support  furnished  by  the  cell-chambers 
of  shoot  and  root.  The  energid  of  each  living  cell  is  connected  with  the  adjacent 
energids  by  the  protoplasmic  threads  piercing  tho  separating  cell-membrane.  The 
protoplasm  thus  forms  a  continuous  whole  in  tho  plant.  According  to  their 
position  in  the  organism  the  energids  become  devoted  to  the  formation  of  special 
tissues  for  the  building  up  of  the  various  organs.  Each  one  of  them,  however, 
whilst  its  actual  destiny  is  ultimately  determined  by  its  relationships  to  the  others, 
is,  so  long  as  its  fate  as  a  permanent  element  is  not  fixed,  a  potential  protophyte, 
that  is  to  say,  it  has  within  it  all  the  capacities  of  the  plant-organism  to  which  it 
belongs. 

Their  construction  out  of  this  assemblage  of  protophytes — this  colonial,  or 
perhaps  better  communal,  •  -  .i11.'-  r"  •••  p*  ves  to  Angiosperms  their  power  of  dis- 
carding efl'ete  and  old  parts  of  the  plant-body  without  mutilation,  of  allowing  then* 
to  pass  out  of  the  region  of  active  life  yet  to  remain  without  damage  to  the 
organism  as  part  of  the  body,  of  renewing  and  replacing  members  as  required. 
The  response  of  the  plant  to  the  various  horticultural  operations  of  pruning,  pro- 
pagation by  cuttings,  and  so  forth  is  an  outcome  of  this  constitution.  Jt  is  this 
which  gives  them  the  power  of  developing  reproductive  organs  at  any  part  of  tin* 
plant-body,  to  cast  them  off  when  their  work  is  done,  and  to  renew  them  again  and 
again.  This  dispersion  of  the  reproductive  capacity  in  the  Anposperm  is  one  of 
the  most  striking  of  the  properties  it  possesses,  and  is  perhaps  in  no  way  better 
shown  than  in  the  development  of  stool-shoots.  There  the  energids  of  the  cam- 
bium, which  normally  produce  the  permanent  tissue  of  wood  and  bark,  and  there  by 
add  periodically  to  the  girth  of  n  tree,  give  origin  when  the  relationships 
are  changed  by  the  cutting  over  of  its  bole  to  a  callus  from  which  stool-shoots 
arise  as  new  growths,  which  may  ultimately  produce  flower  and  reproductive 
organs. 

Another  outcome  of  this  organisation  of  the  Angioaperm  is  its  power  of 
extension  and  its  longevity.  It  is  potentially  immortal.  IJow  far  this  expecta- 
tion of  life  of  a  pfant  is  realised  in  nature  we  have  no  evidence  to  show.  Possibly 
we  may  presage  the  longest  life  in  the  case  of  perennial  herbs.  Trees  and  shrub's 
by  their  exposure  in  the  air  are  liable  to  injury  which  must  militate  against  long 
life,  ancj  yet  cases  of  trees  of  great  age  are  well  known  to  you  all. 

It  is  this  feature  of  the  life  of  Angiosperms  which  marks  them  out  sharply  in 
contrast  with  the  higher  members  of  the  animal  kingdom.  There  we  have  indi- 
viduality, and  consequently  comparatively  short  life.  Let  me  emphasise  this. 

Of  the  Vegetable  Kingdom  and  fhc  Animal  Kingdom. 

The  root>differeuce  between  plants  and  animals  is  one  of  nutrition.  Plants  arc 
autotrophic,  animals  heterotrophic. 

Whatever  has  been  the  origin  of  the  two  kingdoms,  wo  must  trace  tho  differ- 
entiation of  plants  to  their  acquisition  of  chlorophyll  a,s  a  medium  for  tho  absorp- 
tion of  the  energy  of  the  sun.  The  imprint  of  its  operation  is  borne  in  the 
construction  of  all  higher  plants  and  distinguishes  them  from  animals.  Th« 
vegetative  mechanism  of  the  plant  has  been  elaborated  upon  lines  enabling  it  to 
obtain  the  materials  of  its  food  from  gases  and  liquids  which  it  absorbs  from  its 
environment.  For  the  plant  the  primary  requisite  has  been  a  sufficient  surface  of 
exposure  in  the  medium  whence  it  could  obtain  energy  along  with  the  gases  and 
liquids  of  its  food.  To  this  end  the  fixed  habit  is  an  obvious  advantage,  for  tho 
question  of  bulk  within  the  limits  of  nutrition  becomes  thereby  not  a  matter  of 
moment;  and  an  upward  and  a  downward  extension  gives  opportunity  for  the 
creation  of  a  larger  expanse  of  absorptive  surface.  Thus  it  has  come  about  that 
the  plant-organism  has  developed  that  polarity  which  finds  expression  in  the  pro- 
fuse root-system  and  shoot-system  with  their  localised  growing  points  of  tho 
highest  forms  of  to-day.  That  the  communal  organisation  is  well  fitted  to  this 
mode  of  life  requires  no  exposition. 

The  nutritive  mechanism  of  animals,  on  the  other  hand,  has  become  ono  for 
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the  ingestion  of  solids  vyhich  it  obtains  by  preying-  upon  the  bodies  of  plants  and 
other  animals.  The  exigencies  of  its  feeding  have  compelled  the  adoption  by  the 
animal  of  the  habit  of  locomotion,  the  development  of  an  apparatus  for  the  capture 
of  its  prey,  and  of  an  aliment ary  canal  for  its  introduction  to  the  body,  for  its 
digestion,  and  for  the  final  ejection  of  the  unused  matter  along1  with  the  waste 
of  the  body.  This  has  involved  the  concentration  and  the  specialisation  of  the 
individual. 

All  this  is,  however,  to  you  botanists  but  the  commonplace  of  your  laboratories 
and  lecture  halls,  JJut  1  have  thought  that  it  should  be  said,  because  this 
fundamental  difference  of  organisation  between  the  two  kingdoms  is  apt  to  bo 
forgotten  in  discussions  of  problems  of  evolution,  more  particularly  those  of  trans- 
mission of  characters  and  the  effect  of  environment.  This  is  e*pecially  so  when 
they  are  approached  from  the  zoological  side.  Were  the  point  always  recognised  we 
bhould  not  have  zoologists  finding  hiinilarity  between  bud-yam*  ion  in  a  flowering 
plant  and  the  change  in  colour  of  the  hair  of  a  mammal. 

Of  Or iy in  and  Dominance  of  thv  J  !';/«»//•. r'/H'i"*  TyjM*. 

It  is  now  usually  admitted  llmt  all  plants,  like  all  animals,  have  been  derived 
from  aquatic  ancestors,  and  that  the  trend  of  evolution  has  been  in  the  direction 
of  the  establishment  of  a  vegetation  adapted  to  a  life  on  land.  Of  this  evolution 
tho  Anji.i-i,,  nu*  a^>  wu  *ee  them  to-day  are  tlie  hie  host  expression.  Can  wo  bay 
anything  about  the  origin  of  the.  angiosperinous  type  Y  As  the  problem  presents 
itself  to  me  we  can  only  mark  time  at  pre&'Ut. 

From  tho  geological  record  we  obtain  110  help.  The  earliest  traces  of 
AngioHpermb  in  rocks  of  tho  iniddlr  Me.sozoic,  period  enable  us  to  say  little  regard- 
ing them  except  tluil  t lie  fragment*  give  evidence  of  nil  «  rj:i! !:•«•• 'i'-"  as  complete 
ns  that  ]io>s»»she.i  by  the,  An^iospenns  of  the  ]uv*»eni  day.  The  gap  between  the 
angiospenniui-s  and  other  types  of  \egut:ition  UaAxide  one,  and  no  links  are  known. 
Until  further  research  prn\ide<4  specimens  in  a  heller  Mate  nf  preservation  and 
showing  structure  we  (an  ho-pf  for  little  assistance  from  tho  geological  jecord; 
and  when  we  consider  the  circumstances  in  -\\hirh  the  angio>]»ermous  plants  as  a 
whole  grow  the  prospect  of  such  lhid>  due-  not  appear  to  l»o  vry  bright. 

The  iippr.il  to  oiitogeny  liln'xxi.-o  jrht-s  us  little  in  format  ion.  *  Coinparutm1 
Htiidy  docs  not  e^lahli.-h  connection  with,  only  differentiates  more  and  more,  tho 
types  of  the  Ptondo^ihytr.i  ami  ( i\iniio^pern  >.  The  strong  likone^s  i»f  th« 
])ro-embry(»  after  (hu  piimary  -egniental  ion  <>l'in:jMV  Angio>]u  rms*  to  the  pio-embryn 
of  many  Hr\i»ph\tes  has  apiu-an  d  ;i  Milliciont  reason  to; >'ime  bntan^ts  fora.-crihing 
a  1>ryo])hytoii.«i  p'lrentn^e  to  the  Aiiiiiospenns.  Indeed  it  has  hi  en  saiil  thsit  '  th« 
inomu*ot \loiin  emlnxo  i>  the  dirtvt  horuolngue  rf  the  ^f:urog(lniu!n  of  tK«;  nil »•*-•,  the 
cotyled'in  h»"mg  Iioinologou^  with  tho  spore-prod uc ing  ]K»rtm:i  di  this-  <mt  nl*  which 
it  uri^inaled.'  This  ana^iliytu*  co!icep*iii>n  of  the  inniiui'otxlou*  eiuljryo  ^eems  to 
me  to  have  as  little  real  foundation  a*-  the  IrvpothcMs  of  it.-  uii^in.  The  ]>ro- 
embryonii*  reseinblanee  i?  inteix^ting,  Imt  it  'may  as  well  he  honaoplastic  aa 
genetic. 

JJut  if  tho  information  auiilahle  to  u^  does  not  permit  of  our  building  up  u 
pedigree  for  the  Angio.xperm>,  v»e  ar<»  un  surer  ground  when  we  eiiclcHiiuir  to  ii.\ 
upon  charact«rri  which  hine  enabled  the  group  to  become  established  ns  tho 
dominant  vegetation  of  our  epoch.  Before  the  eru  at  which  we  huvo  tirst  know- 
ledge of  Angios])erm.s  the  earth's  Mirfucu  was,  we  know,  clad  with  a  dense  vegeta- 
tion composed  of  meinhers  oi'the  various  elates  of  rturido^hytes  and  Ciyniuospenns. 
The^e  apjx^ar  to  have  existed  in  all  the  .:r-u\tli-fi  rn^  which  wo  know  now  amongst 
the  Angiosperni>— Flerb,  Shrub,  Tree,  Liane.  \et  they  are  now  represented 
amongst  living  plants  by  only  a  low  romanent  forms.  JJordet>  of  distinct  forms  and 
whole  elates  have  disappeared,  giving  place  to  plants  of  the  angiotspermous  type, 
There  must  then  be  borne  feature  or  features  of  advantage  in  this  type  over  thoae 
of  the  groups  that  previously  occupied  tho  ground,  and  through  which  it  became 
dominant. 

In  considering  this  point  \ve  nau&t  bear  in  mind  the  well-known  climatic 
diilbrences— particularly  in  the  distribution  of  water— that  distinguishes  our  epocl 
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from  those  in  which  these  extinct  plants  throve.  The  factors  which  determine  the 
success  or  otherwise  of  an  organism  or  group  6f  organisms  at  any  period  must 
always  be  complex,  and  no  exception  can  be  Claimed  for  plants  in  their  struggle 
for  mastery.  But  looking  at  the  succession  of  plant-life  in  the  world  in  relation 
to  the  known  diminution  of  water-surface  and  increase  of  land-area,  and  the 
consequent  differentiation  of  climates,  \ve  cannot  but  be  com  inced  that  of  these 
factors  water  is  one  which  has  had  supremo  influence  upon  the  evolution  of  the 
facies  of  the  plant-life  that  we  see  to-day.  I  think  the  statement  is  warranted 
that  the  Anglos-perms  have  become  dominant  in  groat  measure  because  in  their 
construction  the  problem  of  the  plant's  relationship  to  water  on  a  laud-area  has 
been  solved  more  satisfactorily  than  in  the  case  of  the  groups  that  preceded 
them. 

The  seed-character — and  the  ilower  which  it  involve.*  -dUtinguUhe-  tho 
Angiosperms.  What,  then,  are  tho  relationships  to  water  which  the  formation  of 
seed  implies  and  through  which  the  Angiospurm  has  advantage  ? 

Two  prominent  risks  in  it«  relation  to  water  attach  to  tlie  process  of  sexual 
reproduction  in  a  plant  of  the  type  of  heterosporous  Pteridophytes.  Firstly,  that 
of  failure  of  moisture  on  the  soil  sufficient  to  promote  germination  ol'  the  spore*  ; 
secondly,  that  of  failure  of  moisture  on  tho  soil  sufficient  lor  the  pa?>sa#e  of  the 
spermatozoid  to  the  ovum.  In  addition  there  is  the  risk  of  failure  of  the  fall  of 
microspores  and  megasporus  together  upon  the  soil.  In  the  Angiosperms  such 
risks  are  practically  abolished  in  the  formation  of  ilower.  The  trtigniatie  biirfaco 
of  the  style  itself  provides  a  secretion — the  more  copious  in  a  dry  and  hunny 
atmosphere—to  moisten  the  pollen-grain  and  stimulate  :.r-  rnu.:ii !•;••.  and  for  the 
spontaneous  movement  of  the  spermatozoid  is  substituted  the  pa.*<u\e  carriage  of 
the  male  gamete  to  the  ovum  by  the  agency  of  the  pollen-tube.  Possible  failure 
of  pollination  is,  too,  provided  against  by  the  complex  mechanism  of  the  ilower  in 
the  highest  forms  in  relation  to  iiibtct- visits.  The  sexual  act,  then,  might,  we 
conceive,  gradually  become  more  and  more  difficult  of  consummation  to  the 
Pteridophyte  at>  the  area  of  dry  land  increa>ed.  To  the  seed-plant  it  was  more 
secure  by  its  independence  of  the  pre>ence  of  free  water.  The  failure  of  perform- 
ance of  the  function  of  sexual  reproduction  may  have  liaMumd  tho  disappearance 
of  Pteridophytes  before  the  ad\ance  of  the  Angiospcrms. 

But  if  this  tlower-mechanism  relieves  the  Angio^jienn  from  risk>  in  the  per- 
formance of  the  sexual  iict,  it  imposes  a  new  dulv  upon  the  plant,  thai  of  nurMtig' 
the  embryo  within  the  sporangium.  This  invuhe*  a  water-supply  of  «i  kind  not 
demanded  in  the  Pteridophytes,  and  we  may  gain  M>me  idea  of  the  importance  of 
this  by  a  comparison  of  thtt  trivial  vnscuLir  ,^>tein  ivjiim-d  to  supply  through  tho 
btameii  tho  p^ii-i'i-jra]:!.  u -th  the  copious  sv.-t«  in  tint  (raveiv.s  lh<i  f>viKfc«Mun  for 
the  ovules.  It  .  ,  i.  t\\\  \>  •,  to  the  o\ultj--tho  immediate  nursen  of  the  wnbno- 
that  we  must  look  for  special  indication^  of  thi«  wuter-relatiuii^liip  of  which  1 
speak. 

Perhaps  no  organ  has  given  ri.-e  to  more  discussion  than  thi&  characteristic  one 
of  flowering  plants.  To  most  of  us  I  believe  tho  controversy  over  its  axial  or  foliar 
nature  will  oe,  in  a  measure,  historical  only.  All  recent  investigations  of  sporangia-  - 
and  to  no  one  does  Botany  owe  more  in  this  respect  than  to  J Sower  tend  to  confirm 
the  view  that  it  is,  and  always  has  been,  an  organ  xwi  //r/w/.s.  To  that  category 
the  nucellus  of  the  ovule  is  now  pretty  generally  admitted.  It  is  tho  body  of  a 
sporangium.  But  the  nature  of  the  tegumentary  system  and  of  the  funiclo  which 
give  the  ovule  &o  distinctive  a  character  is  still  the  subject  of'dihagreemeiit.1 

I  do  not  share  a  view  which  sees  in  the  ii.1-  _-iiii:« :  i  -  •,  «-ther  parts  of  the  ovulo 
anything  of  an  axial  or  of  a  foliar  nature.  !i ..  in-  ;',  i  :i:  ••!.  i«  a  hporangiophoro  -  - 

1  Scott's  discovery  of  a  bracteal  investment  to  the  ruega^porangitim  in  Lepido- 
carpon  is  an  interesting  one  in  relation  to  the  question  of  the  enclosure  of  &porangia. 
It  shows  how  in  the  Lepidodeudrea*  a  covering  of  the  sporangium  could  be  developed, 
much  in  the  same  way  a»  a  carpellary  envelope  in  Angiosperm&>.  Whether  the 
ovular  integument  or  the  ovarian  covering  in  Angiosperuos  was  the  earlier  develop- 
ment is  open  tp  discussion,  Lam  disposed  to  give  precedence  to  the  ovular  coat. 
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a  sporangia!  stalk — and  tho  tegunumtary  system  is  an  outgrowth  of  tlio  sporangia! 
primordium  of  somewhat  variable  origin  and  development,  whose  first  function  it 
ia  to  carry  and  store  water  for  the,  embryo,  and  then  also  to  serve  as  a  food- 
reservoir.  The  whole  construction  is  adapted  to  the  function  claimed  for  it.  The 
well-developed  vascular  system  from  the  placenta  traverses  the  funicle,  but  the 
subsequent  fate  of  the  nucellus  forbids  its  passing  through  this,  and  tho  needs  in 
respect  of  water  (and  what  it  carries)  of  the  embryo  and  of  the  other  further 
de \eloprnents  that  proceed  in  the  embryo-sac  are  provided  for  by  the  production 
of  the  te#umeiitary  outgrowths  into  which  tho  vascular  system  may,  if  necessary, 
be  continued  and  spread  out. 

That  the  tegument ary  covering  has  this  function  we  have  direct  proof  in  its 
penetration  by  haustoria,  derived  either  from  the  embryo  itself  or  from  the  embryo- 
sac,  which  absorb  from  it  water  and  food  for  the  "developing  embryo.  These 
haustoria  appear  to  be  much  more  elaborate  and  more  widespread  than  has  beeu 
supposed,  and  a  definite  correlation  has  been  established  in  many  cases  between 
them  and  the  integuments.  The  thicktT  the  integument  the  better  developed  is 
the  hflustoriurn,  In  some  ovules  where  no  vascular  fcvstein  appears  in  tho 
integument,  the  chalazal  liaustoriuin  is  prominent,  and  it  can  therefore  at  ori'ce  tap 
the  main  water-supply  of  the  ovule.  We  know  also  of  cellular  ingrowths  pro- 
ceeding from  the  vicinity  of  the  vascular  system  of  the  raphe  to  the  interior  of  the 
embryo-sac,  and  these,  too,  may  have  a  conducting  function.  All  these  point  U>  a 
water  and  nutritive  function  in  the  integuments.  The  protective  function  of  the 
tegumentary  system  to  which  attention  has  been  chiefly  directed  must  be  primarily 
only  slight.  It  only  becomes  prominent  as  the  seed  is  formed,  and  then  change** 
consonant  therewith,  and  with  it*  changed  function,  procc-ed  within  it.  Nor  can 
we  now,  with  our  iucrea*i>I  i.iujWitMurr  of  the  ways  in  which  the  pollen-tube  may 
reach  the  embryonic,  cm. .-'.dr:-  iln-  function  of  the  intr~mnort*  in  forming  the 
inieropUar  canal  a&  one  of  so  much  importance  to  the  reproductive  act  as  was 
formerly  supposed.  We  obtain,  1  think,  a  better  conception  of  the  ovule  in  the 
view  that  the  primary  function  of  the  tegumentary  system  is  that  of  a  water-jacket 
and  fond-store,  and  that  it  has*  been  developed  hi  response  to  the  special  demands 
for  water  involved  in  the  .seed-habit.1 

To  the  question  why  there  aro  tun  ii  ••  s \\i\i.  !•!>  in  some  cases  and  only  one  in 
others  we,  rim  only  reply  that  our  liiiow'"iLv  ••:'  ovular  structure  and  changes  is 
vet  too  .slight  to  permit  of  a  definite  opinion  beinjr  expressed.  AVe  find  that  there 
is  a  remarkable  concurrence  of  the  uuitegminous  ovule  with  n  iram-rirt  i!i  i;;  corolla 
in  the  flower,  for  the  character  apparently  holds  for  the  whole  of  the  gainopetuloiifc 
Ittcorylrdoncs  excepting  Primulules.  On  the  other  hand,  not  all  PolypetaUo  have 
Iritcguiinou*  ovules,  whilst  lii'i-.niii-i.\  is  usual  in  Monocotyledon^.  Recently  tho 
character  ha.s  been  used  by  \  an  Tiegliem  as  one  of  prominence  in  his  new  clu,>si<ica- 
tion  of  the  1nniilie.«  of  Dicotyledones.  But  it  is  not  so  constant  nn  one  as  his 
groups  of  I'nitecrinineje  rmd  Bitegminere  would  lead  one  to  suppose.  The 
degree  in  which  it  is  inconstant  we  cannot  yet  fix,  because  we  know  details  of  so 
few  puiiera.  \Ve  do  know,  however,  that  all  genera  in  one  family  ore  not  always 
alike  in  respect  of  it.  In  lianunculaceie,  for  instance,  the  most  of  tie  peiiera  with 
radial  flowers  are  unitegrminous,  whilst  those-  with  dorsi ventral  flowers  are 
bitegminous.  Again,  in  llosaccw,  the  Potentillas  are  nnitogminous,  as  is  Kosa, 
whilst  Poiuea*  and  Priuienc  are  biteguiinous ;  and  of  the  fc>pinw?4C,  Neillia  is 
unitegminous,  but  the  closely  allied  Spinca  is  bilegmmous.^  In  other  casos  tho 

1  To  discuss  the  morphological  interpretations  of  the  funicle  and  integument  that 
have  been  advanced  would  carry  me  beyond  the  scope  of  this  addrebS.     I  do  not 
know  that  an  axia  1  hypothesis  for  any  part  of  the  o\  ule  i*  now  maintained.     The  foliar 
interpretation  of  the  funicle  and  integuments  as  agaiiibt  their  sporangial  nature  is 
huyportecl  by  two  distinct  schools  of  botanists.    One  approaches  the  subject  from  the 
standpoint  of  the  anaphytose  of  the  earlier  years  of  last  century,  and  appeals  largely 
to  teratology;  the  other  from  that  of  vascular  anatomy.    I  do  not  accept  the 
starting-point  of  either  the  one  or  the  other. 

2  Spireea  is,  however,  exalbuminpusj  whilst  Neillia  is  albuminous. 
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character  confirms  distinctions;  as,  for  instance,  in  -•  ]»ii:ii:iiij  the  unitegminous 
Betuleae  and  Corylese  from  the  bitegminous  Quercineas.  1'ho  explanation  of  all 
these  constructions  may,  I  suggest,  be  sought  for  with  better  prospect  of  success 
iu  the  water-relationship  and  food-relationship  of  the  integuments  to  the  embryo 
than  in  protective  function  and  relations  to  pollination.  It  is,  perhaps,  not  without 
significance  from  this  point  of  view  that  in,  for  instance,  the  GamopetaUe  such 
protective  function  as  attaches  to  the  tegumentary  system  in  the  seed  is  reduced 
or  extinguished  through  the  development  of  indehiscent  fruits,  accompanied  in  many 
Aggregatse  and  higher  Tloteromera)  by  the  sinking  of  the  gyna3ceum  in  the  torus, 
and  in  many  Bicarpelleta)  by  its  enclosure  in  a  persistent  accrescent  calyx. 

All  the  information  at  our  disposal  seems  to  indicate  that  the  tegumentary 
system  of  the  ovule  is  extremely  adaptive,  and  that  its  characters  are  not  of  them- 
selves of  much  phyletic  import.  An  extended  examination  of  its  characters  as  an 
organ  of  the  nature  I  have  depicted  in  relation  to  oinlju  _  •  y  i-  .  •••  :i!'y  needed. 
Jt  is  made  all  the  more  interesting  by  the  questions  of  \\-  u-1  [  ••  •  v  «•:'  i  :iclosperm 
opened  by  the  discovery  of  *  double  fertilisation.'  There  is  no  more  promising  field 
of  investigation  than  this,  for  it  must  yield  results  infinitely  more  interesting 
than  the  technicalities  of  formal  morphology  which  have  been  for  too  long  the 
stimulus  to  ovular  research.  I  am  tempted  to  go  further  and  to  say  that  it  might 
supply  an  explanation  of  that  most  puzzling  of  subjects,  the  forms  and  curvature 
of  the  ovule.  The  common  assumption  that  these  have  lelation  to  pollination  and 
make  the  advent  of  the  pollen-tube  at  the  micropyle  easier  is  not  altogether  satis- 
factory. For  the  curvature  not  infrequently  teems  to  place  the  micropyle  in  a 
position  the  opposite  of  favourable,  and  there  is  an  absence  of  curvature  in  cases 
where  it  would  appear  to  be  desirable. 

I  will  not  dwell  upon  the  subject  of  the  seed  itself  as  an  advantage  to  the 
Angiosperm.  Its  construction  follows  upon  the  successful  water-relation  pre- 
viously secured.  We  all  know  how  its  manifold  adaptations  to  dissemination 
bring  about  ifca  fortuitous  deposition  upon  \arious  .soils,  and  the  embryo  is  placed 
well  guarded  within  the  .seed-coat  ready  to  lake  advantage  of  tho  moment  when 
moisture  is  sufficient  for  its  germination. 

Whilst  the  &eed-habit  is  the  character  which  hu&  primarily  Divert  to  An^io- 
sperins  their  advantage  as  a  land-type,1  their  vegetative  organs  also  show  an 
advance  in  their  relationship  to  water  upon  those  of  the  forms  they  have  .sup- 
planted. I  have  already  remarked  that  tho  growth-forms  of  tho  vegetation  of  the. 
present  day  are  the  same  as  those  of  old.  That  means  that  the  early  as  woll  as 
the  later  groups  of  vegetation  have  solved  in  much  the  tame  way,  so  far  as  general 
form  is  concerned,  tho  problem  of  thu  exposure,  in  the  atmosphere  of  a  large 
assimilating1  area  with  a  sufficient  mechanical  support  and  adequate  water-supply. 
That  wherever  a  water-carrying  system  is  found  in  the.se  growth-forms  it  dominates 
the  anatomy  is  witness  to  the  importance  of  tho  water-relationships  I  wish  to 
emphasise. 

There  are  two  features  in  the  vater-carryinjr  system  of  Aiiirio&nerms  in  which 
they  aro  superior  to  the  older  types — namely,  their  general  monostely  anil  their 
vasa. 

No  one  will  contest  that  polystely  is  a  less  perfect  mechanic m  for  water-carriage 
in  a  massive  plant  than  is  monostely.  Tho  limitation  imposed  hy  it  lo  an  incre- 
ment in  the  area  of  carriage  contrasts  unfavourably  with  the  openness  in  this 
respect  possessed  by  monostoly.  In  the  moister  climatic  conditions  of  the  ago  of 
domination  of  Pteridophytes  polvst- 1\  may  have  well  Hufliced  for  Ihe  water-needs 
of  the  plants,  especially  of  the  dwarl'er  forms;  but  oven  then,  as  we  know,  rnono- 
stely  was  the  habit  in  many  of  the  larger  tree-forms,  and  tho  development  of  u 

1  Gymnosperms,  sharing  with  Angiospcrm.s  the  seud-habit,  have  in  that  had 
advantage  over  Pteridophytes.  But  their  flower-mechanism  is  much  less  perfect. 
The  reasons  for  their  being  bested  as  a  class  by  Angiosperms  must  be  complex. 
Gymnosperms,  as  a  whole  as  we  know  them,  are  less  adaptive  than  Angiosperms. 
The  decadence  of  the  cycadean  line  of  descent  may  have  been  helped  by  their  con- 
servatism in  the  methods  of  water-carriage  in  the  vegetative  organ*.  The  coniferous 
type  has  held  its  own  in  the  Northern  Hemisphere. 
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cambium  enabled  them  to  provide  for  continued  additions  to  their  carrying  system. 
"Where  such  monostely  and  secondary  growth  occurred  in  these  older  types  their 
adaptation  in  these  respects  to  w:  *;•--: :•' .  •  was  on  lines  similar  to  those  of  our 
dominant  Dicotyledones  and  was  effective  in  giving  them  dominance  in  their 
epoch.  There  is  no  more  interesting  page  in  the  history  of  evolution  than  that — 
and  we  owe  it  in  large  measure  to  the  labours  of  Scott  and  Seward — upon  which 
is  depicted  the  struggle  of  some  polystelic  forms  amongst  these  old  plants  to 
achieve  the  structural  facilities  more  easily  attained  through  monostelic  construc- 
tion. The  existence  of  polystely  in  a  few  Angiosperms  only  confirms  the  advantage 
which  the  whole  group  has  derived  from  its  monostely.  Such  polystelic  forms 
amongst  them  as  we  know  have  many  of  them  special  water-adaptations,  and  in 
no  case  can  they  be  said  to  be  progressive  types. 

I  do  not  need  to  remind  you  that  vasa  are  not  the  exclusive  possession  of  the 
angiosperrnous  type,  but  they  are  the  conspicuous  feature  of  their  carrying  system, 
whilst  the  tracheid  is  the  leading  one  in  the  older  type  of  vegetation.  All  ana- 
tomical evidence  indicates  that  vasa  give  piw.t'-r  facility  to  rapid  transport 
of  water  than  do  other  elements,  and  we  may,  s-iKvl'r.r- ,  conclude  that  they  have 
been  adjuvants  in  enabling  the  Angiosperm  to  meet  effectively  the  demand"  made 
upon  it  by  the  drier  atmospheric  conditions. 

I  now  pass  on  to  consider  from  the  same  standpoint  the  classes  which  make  up 
tho  group  of  Angiosperms. 

Of  the  Classes  of  Angiosperms. 

There  has  been  for  long  a  general  recognition  of  two  classes  amongst  the 
Angiosperms — Dicotyledones  and  Monocotyledones — separated  one  from,  the  other 
by  definitive  characters  which  I  need  not,  specially  depict  here.  Recently,  how- 
ever, we  have  seen  an  attempt  inado  by  Van  Tieghem  to  establish  another  clas-s-- 
that  of  Ijiorhixal  Dicotyledones — for  which  is  claimed  a  rank  equal  to  that  of  the 
Dicotyledones  and  Monocotyledones.  \Vere  this  valid  it  would  be  a  matter  of 
supreme  importance,  for  whatever  be  the  relationship  between  Dicotyledones  and 
Monocotyledones  there  can  be  no  doubt  of  their  having  developed  as  distinct 
groups  within  the  whole  period  of  which  we  have  knowledge  of  them,  and  tho 
existence  of  a  third  class  intermediate  or  outside  of  them  might  lead  to  interesting 
conclusions.  It  is  worth  while,  therefore,  to  consider  tho  evidence  on  which  this 
cla«s  is  founded.  It  includes  two  of  our  recognised  families — the  Nymphtcaceio 
and  the  Graminere. 

What  is  tho  exact  position  and  the  nllinities  of  the  Nympha^acem  amongst 
An«.rio-pi'nn<  is  no  new  theme  of  discussion.  That  they  have  characters  resem- 
bling1 those  of  Monoootyledones1  has  been  often  insisted  on.  Van  Tieghem 
lays  stress  on  what  he  considers  the  monocotylous  differentiation  of  the  root-apex 
and  the  derivation  of  the  piliferous  Liver  from  the  same  meristem-initials  as  tho 
cortex,  whilst  in  the  embryo  he  finds  the  two  cotyledons  of  Dicotyledones.  But 
the  most  recent  observations  of  the  embrvogeny  oi  the  family  go  to  show  that  tho 
embryo  is  that  of  the  monocotylous  plants,  the  apparent  dicotylous  character 
being  the  result  of  the  splitting  of  one  cotyledon.  If  this  be  so  the  position  of 
iVyniphiwtcem  will  be  amongst  the  Monocotyledones,  a  position  the  root-characters 
in*  Van  Tioghom's  view  will  support.  Hut  whether  this  be  con  firmed  by  further 
research  or  no — and  a  complete  reinvostigat  ion  of  their  embryogeny  and  develop- 
ment is  much  wanted — what  wo  may  say  at  present  is  that  it  is  not  in  features 
such  as  this  one  of  the  root-apex  -which  is,  after  all,  not  so  simple  and  uniform 
as  Van  Tieghem  would  have  it—that  wo  are  likely  to  find  pliyletic  diagnostic 
characters  of  groups. 

The  reason  for  tho  inclusion  of  tho  CJraminea*  in  this  new  group  is  the 
assumed  presence  of  n  second  cot  yledon.  Tin*  construct  ion  o  f  t  he  embryo  of  grasses 
is  peculiar,  as  is  well  known,  and  has  for  a  long  time  been  a  main  support  of  the 

1  The  anatomical  characters  upon  which  this  resemblance  was  chiefly  based  are 
now  known  to  be  of  another  nat  ui  e. 
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hypothesis  that  the  Monocotyledones  are  derived  from  the  Dicotyledones;  for 
here  alone,  since  the  dicotylous  character  of  forma  like  the  Dioscorem  was  shown 
to  be  untenable,  was  there  a  structure  which  could  be  interpreted  as  evidence  of 
a  reduced  second  cotyledon.  The  idea  that  the  epiblast  is  such  a  structure  was 
enunciated  by  Poiteau  at  the  beginning  of  the  last  century,  and  along  with 
hypotheses  of  the  nature  of  the  other  parts  of  the  grass-embryo  has  been  a  subject 
of  vigorous  discussion  since  that  time.  The  controversy  is  not  yet  closed.  Whilst 
\ve  have  Van  Tieghem  now  adopting  the  view  of  the  cotylar  nature  of  the  epi- 
blast and  using  it  as  a  character  of  fundamental  taxonomio  importance,  we  have 
others  who  as  strongly  uphold  the  interpretation  of  it,  first  formulated  by 
Gaertner,  as  a  winged  appendage  of  the  scutellum,  which  is  considered  to  be  the 
cotylar  lamella.  And,  again,  there  are  those  who  take  the  view  that  it  is  a  mere 
outgrowth  of  the  hypocotylar  body  of  the  embryo  and  without  any  cotylar 
homology.  Our  interpretation  of  the  part  must  depend  primarily  upon  the  stand- 
point from  which  we  view  the  embryo  of  Anjrio«*|Mirm«.  This  I  shall  discuss 
presently.  All  I  need  say  here,  &  propos  of  the  class  of  Liorhizal  Dicotyledones,  is 
that  whatever  the  epiblast  be— and  for  my  part  I  am  disposed  to  regard  this" 
simple  cellular  structure  as  merely  an  outgrowth  with  a  water-function  from  the 
embryonal  corm — a  dispassionate  consideration  must  lead  us  to  hold  that  it  is  a 
bold  step  to  use  a  character  the  morphological  value  of  which  can  be  so  variously 
interpreted  as  one  of  primary  importance  for  separation  of  a  group  of  Angiosperms. 
Moreover,  we  must  remember  that  the  feature  of  the  epiblast  is  not  one  of  uni- 
versal occurrence  in  the  Graminere.  If  we  take  a  well-defined  tribe  like  the 
Horderc,  as  framed  by  Bentham  and  Hooker,  we  find  that  of  eight  of  its  twelve 
genera  which  have  been  examined  for  this  feature  five  have  the  epiblast  and  three 
want  it.  And  surely  the  fact  of  its  presence  in  Triticum  and  absence  in  Secale, 
its  presence  in  Elymus  and  absence  in  Hordeum,  is  strong  evidence  that  the 
epiblast  is  not  a  character  of  such  importance  as  it  would  have  were  it  a  reduced 
cotyledon  as  is  asserted. 

[t  appears  to*  me,  therefore,  that  this  third  class  of  Angiosperms  has  no  sound 
foundation,  no  more,  perhaps  less,  than  Dietyogens  and  Tilii/oifi1-*  which  appeared 
as  parallel  groups  with  Endogens  and  Exogens  in  Lindley's  old  classification. 
Our  present  knowledge  allows  the  ivo^-niti-m  of  only  two  classes  of  tho  angio- 
spcrmous  type — the  Dicotyledones  and  the  Monocotyledones. 

Of  Dicotyledones  and  Monocolyledones. 

The  relationship  of  these  two  groups  is  involved  in  the  origin  of  the  angio- 
spermous  type.  They  may  have  had  a  common  origin  or  they  may  have  arisen 
separately  ;  and  if  the  former  the  Dirotyledones  may  have  been  a  subsequent 
offshoot  from  the  Monocotyledones,  or  the  reverse  may  have  been  the  case.  Each 
of  these  possibilities  has  its  supporters.  Were  I  to  maintain  an  opinion  it  would 
be  that  the  two  classes  have  arisen  on  separate  lines  of  descent.  The  embryo- 
characters,  as  well  as  those  of  the  epieotyl,  can,  I  think,  be  shown  to  be  funda- 
mentally different  and  to  afford  no  basis  for  an  assumed  phyletic  connection.  The 
difference  between  Hepaticno  and  Musci,  to  take  a  parallel  case  in  a  lower  grade, 
are  not  more  conspicuous.  The  parallel  sequence  in  development,  in  the  two 
classes  are  no  more  than  one  would  expect,  and  may  be  regarded  as  homoplastic. 
To  the  question  which  group  is  the  older  I  would  answer  that  the  Dicotyledones 
are  by  far  the  most  adaptive  and  progressive  if — as  is  not  necessarily  the  case — 
this  can  be  taken  as  evidence  of  their  more  recent  origin.  This,  however,  is  not 
the  matter  I  intend  to  discuss  here.  I  wish  rather  to  inquire  if  there  are  any 
features  broadly  characterising  the  groups  to  which,  as  in  the  case  of  Angiosperms 
as  a  whole,  we  may  look  for  help  to  an  explanation  of  the  predominance 
at  this  time  of  the  type  of  Dicotyledones.  I  think  there  are,  but  they  are 
not  to  be  found  in  the  reproductive  system.  That  is  constructed  on  suffi- 
ciently similar  lines  in  each  class.  The  features  I  refer  to  are  to  be  found  in 
the  construction  of  the  vegetative  system  both  in  the  embryo  and  in  the  adult. 
That  of  the  former  gives  the  dicotylous  plant  an  advantage  in  its  start  on  life  ; 
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that  of  the  latter,  both  in  shoot-system  and  root-system,  is  better  adapted  in 
Dicotyledonea  in  relation  to  water-supply. 

I  specially  differentiate  the  embryo-condition  from  the  adult  because  in  our 
consideration  of  these  higher  plants  we  are  apt  to  overlook  the  two  distinct  stages 
into  which  their  life  is  divided,  and  which  call  for  altogether  different  adaptations. 
There  is,  firstly,  the  life  in  the  seed  and  in  germination ;  and  secondly,  there  is 
the  life  after  germination.  The  conditions  and  the  manner  of  life  are  not  alike 
in  thn  two  stages.  In  the  first  the  plant  is  heterotrophic,  in  the  second  it  IH 
nutotrophic.  The  functions  of  the-  portion  of  the,  plant  which  lives  the  life 
within  the  seed,  and  which  bears  the  incipient  epicotyl  and  primary  root  as  small, 
at  times  hardly  developed,  parts,  are  to  absorb  food,  either  before  germination,  as 
in  exalbuminous  seeds,  or  during  germination  in  albuminous  8»>eds,  to  rupture  the 
seed-coat,  and  to  place  the  plumular  bud  and  the  primary  root,  in  a  satisfactory 
position  for  their  growl li  and  subsequent  elongation.  The  functions  of  the  adult 
may  be  summarised  as  the  development  and  maintenance  of  a  large  assimilating 
and  absorbing  area  preparatory  to  reproduction. 

We  ought,  I  think,  to  look  upon  the  embryo  as  a  protocorm  !  of  embryonic 
tissue  adapted  to  a  seed-life.  Under  the  influence  of  its  heterotrophic  nutrition 
and  seed-environment  it  may  develop  organs  not  represented  in  the  adult  plant  As 
we  see  in,  for  instance,  the  embryonal  iutraovular  and  extraovuiar  haustoria  it 
often  possesses.  There  is  no  reason  to  assume  that  there  must  be  homologies 
between  the  protoconu  and  the  adult  outside  an  axial  part  with  its  polarity. 
There  may  bo  homologous  organs.  JJut  neither  in  ontogeny  nor  in  phylpgeny 
is  there  sufficient  evidence  to  show  that  the  parts  of  the  embryo  are  a  reduction  of 
those  of  the  adult  .2 

The  protocorm  has,  T  believe,  developed  along  different  lines  in  the  Dicotyledones 
and  Monocotyledonos.  This  has  been  to  the  advantage  of  the  former  in  the 
provision  that,  has  boon  made  for  rapid  as  opposed  to  sluggish  further  develop- 
ment. Confining  ourselves  to  the  general  case,  the  axial  portion  of  the  proto- 
corm of  the  Dicotyledon,  the.  hypocotyl,  bears  a  pair  of  lateral  outgrowths, 
the,  cotyledons,  and  terminates  "in  the  plumular  bud  and  in  the  primary 
root  respectively.  The.  cotyledons  are  its  suctorial  organs,  and  the  hypocotyl 
does  the  Wurk  of  rupturing  flu*  seed  and  placing  tho  pluinular  bud  and  root  by 
ft  rapid  elongation J  which  commonly  brings  the  plumular  bud  above  ground, 
protected,  it  may  be,  by  the  cotyledons.  These  latter  may  then  become  the 
first  assimilating  organs  unlike  or  lik<*  to  the  epieotylar  leaves.  In  the  Mono- 
cotyledones  the  axial  portion  of  the  protocorm  has  usually  no  suctorial  outgrowths. 
Its  apex  and  usually  its  base,  also  are  of  limited  growth.  The  plumular  bud  is  a 
lateral  development,  and  the  primary  root  often  an  internal  one.  The  suctorial 
function  is  performed  by  the  npox  of  the  protooorm,  termed  here  also  the 

1  Tho  term  has  already  been  used  for  the  embryo  of  Grchidca1.  where  the  axis  is 
tuberous  as  is  tho  structure  to  which  the  term  has  been  given  in  Lyropodincii1.     But 
tubcrousncss  is  not  an  essential  for  the  designation  corm. 

2  I  cannot  pursue*  the  subject  here,  nor  discuss  tho  view  of  the  cotyledons  as 
either  ancestral  leaf- forms  or  arrested  epicotylar  leaves.    The  analogies  with  existing 
Pteridophytes  that  arc  cited  arc  not  pertinent,  for  there  is  no  evidence  that  Angio- 
sperrns  have  that  ancestry,  or  indeed  that  their  phylogony  was  through  forms  with 
free  embryos.     Nor  is  the  fact  of  resemblance  between  cotyledons  and  epicotylar 
leaves  and   the  existence  of    transitions    between    them    convincing.     That  tho 
cotyledons,  primarily  suctorial  organs,  should  change  their  function  and  become 
leaf-like  under  the  new  conditions  after  germination  is  no  more  peculiar  than  that 
tho  hypocotyl  should  take  the  form  of  an  epicotylar  internode,  from  which  it  is 
intrinsically  different  as  the  frequent  development  upon  it   of  hypocotylar  buds 
throughout  its  extent  shows. 

3  In  relation  to  this  function  it  is  noteworthy  that  the  hypocotyl  relatively 
seldom  in  the  exalbuminous  seed  of  Dit-otylcdones  becomes  the  reservoir  of  food- 
material,  whereas  in  Monocotyledones  tho  axis  of  the  embryo  is  the  usual  scat  of 
deposition. 


828  REPOKT — 1901. 

cotyledon.1  The  rupture  of  the  seed  and  the  placing  of  the  plumule  along  -with 
the  primary  root— for  the  axis  of  the  corin  does  not  elongate  between  them — are 
the  work  of  the  base  of  the  suctorial  portion  of  the  corm. 

The  whole  arrangement  in  Monocotyledones  is  in  marked  contrast  with  that  of 
the  Dicotyledones.  Instead  of  the  free  axial  elongation  begun  in  the  protocorm 
and  continued  upwards  and  downwards  in  the  epicotyl  and  primary  root,  there  in 
limited  axial  growth  of  the  protocorm  with  lateral  outgrowth  of  the  plumular  bud 
and  arrest  of  the  primary  root.  These  differences  in  the  protocorm  are,  I  think, 
primary,  and  they  point  to  independent  origins  of  the  two  groups.  The  advan- 
tage lies,  as  I  have  said,  with  the  Diootyledones,  and  wo  find  that  the  features  of 
development  of  the  protocorm  are  continued  in  the  adult.  There  is  a  marked  con- 
trast between  the  free  intemodal  growth  of  the  shoots  of  Dicotyledones  with  their 
copious  root-system  and  the  contracted  stem-growth  and  the  arrested  root-system 
in  Monocotyledones.  It  is  interesting  to  note  further  how  the  monocotylous  type 
has  developed  so  largely  upon  restricted  lines  in  the  way  of  short  rhizomatous, 
often  tuberous,  growth,  whilst  the  dicotylous  gives  us  the  characteristic  growth- 
form  tree. 

When  we  compare  the  tree-type  of  the  Dicotyledones  with  that  of  the  Mono- 
cotyledones we  see  at  once  the  feature  I  refer  to  in  the  adult,  which  has  given  th« 
advantage  to  the  dicotylous  type  in  respect  of  its  water-supply.  In  Dicotyledones 
we  have  a  much-branched  stem  ending  with  numerous  shoots  with  long  internodes 
and  small  apices,  and  bearing  many  small  leaves  which  are  mainly  deciduous.  In 
the  monocotylous  tree,  of  which  we  may  take  the  palm  as  a  type,  there  is  a 
straight  stem  with  short  internodes,  a  largo  apex  bearing  few  largo  leaves  not 
often  renewed;  if  there  bo  linuiHiiiiL'  it  takes  more  or  less  the  form  of  a  fork. 
The  whole  of  this  external  c«  m liirr.nr  HMI  bears  relationship  to  the  internal  structure. 
In  the  Dicotyledon  the  open  bundles  of  th«  central  vascular  system  provide 
through  their  cambium  for  a  continued  increase  of  the  water-carrying  system  and 
medullary  rays,  which,  although  it  is  to  many  a  heresy,  I  hold  to  have  profound 
influence  upon  tke  movement  of  water  in  trees.  The  buttressing  of  the  branches 
is  also  secured,  and  thus  is  rendered  potssible  ;i  large*  assimilating  area  mode  up  of 
a  vast  number  of  small  individual  surfaces,  each  one  of  which  can  be  readily 
thrown  off.  In  the  Monocotyledones,  on  the  other  hand,  the  distribution  of  a 
large  number  of  closed  vascular  bundles  in  a  matrix  without  a  cambium  involves 
the  provision  of  a  broad  terminal  cone,  gives  no  support,  outside  interstitial 
growth,  to  lateral  branches,  which  are  consequently  when  developed  placed 
so  as  to  give  an  equipose,  and  the  assimilating  surface  has  to  be  concentrated  in  a 
few  large  leaver.'  The  possession  of  cambium  has  enabled  the  Dicotyledones  to 
meet  in  a  much  better  way  the  requirements  of  water-supply  and  strength  in 
correlation  with  feeding. 

The  general  uniformity  and  effectiveness  of  the  schema  of  cambial  growth  is  a 
remarkable  feature  in  the  dicotylous  type ;  but  there  is  still  a  wide  field  of  investi- 

1  I  use  the  term  purely  as  an  objective  designation,  and  in  the  original  meaning 
of  the  suctorial  organ  in  the  embrjo.  This  terminal  cotyledon  in  the  Monocotyle- 
dones is  not  a  leaf  nor  the  homologuc  of  the  lateral  cotylcdoncs  in  the  Dicotyledones. 
The  '  traceable  and  direct  developmental  history  in  the  formation  '  of  the  two  organs 
is  clear,  and  they  are  not  alike.  To  those  who  hold  the  contrary  view  a  terminal  leal! 
is  no  obstacle.  I  think,  however,  the  question  of  lateral  or  terminal  is  of  importance 
in  organography.  The  *  sympodial  Ic-af-frooi-leaf  evolution,'  described  in  the  first 
cpicotylar  stages  of  Juncus,  Pisiia,  and  other  plants,  demands  examination  with  the 
aid  of  modern  methods.  All  cases  of  vegetative  organs  in  which  the  distinctions 
between  organs  arc  said  to  break  down  arc  worthy  of  being  looked  at  in  the  light 
of  their  relation  to  their  nutritive  environment.  How  nutrition  affects  plant-form 
we  do  not  yet  understand.  Its  effects  arc  familiar,  both  in  vegetative  and  repro- 
ductive organs.  The  grosser  cases,  in  parasites,  show  in  the  extremes  an  abolition 
of  most  of  the  landmarks  of  morphology — '  the  whole  scheme  of  formation  of  organs 
is  jumbled.'  Ileterotrophic  « jumbles  '  do  not,  however,  deny  the  ordinary  morpho- 
logical categories.  Pseudo-terminal  reproductive  organs  are  to  be  expected  under  tho 
cessation  of  growth  with  which  their  development-  is  concurrent. 
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gation  in  the  relationships  of  size  and  distribution  of  vasa  both  to.  the  other 
structural  elements  of  the  stem  and  to  the  form  of  the  plant  in  relation  to  its 
environment.  So  far  as  I  know  the  monocotylous  tree-forms,  there  has  been  an 
attempt  in  two  different  directions  to  provide  an  increased  water-carrying-  system 
in  them.  There  is  the  familiar  one  of  the  secondary  cortical  cambium  in  Dracama 
and  other  genera.  In  them  the  cambium  merely  repeats  in  its  products  the  con- 
struction of  the  primary  stem,  and  does  not  provide  so  copious  an  increase  of  carrying 
area  as  does  the  system  in  dicotylous  plants.  And  then  in  such  plants  as  Barba- 
cenia,  many  .Bromeliacc.'p,  perhaps  Kingia,  we  have  an  arrangement  reminiscent  of 
the  superficial  root-system  which  is  found  in  many  polystelic  arborescent  Pterido- 
phytes  of  the  present  day.  There  is  a  copious  growth  of  adventitious  roots  from 
the  central  vascular  cylinder,  and  these  pass  down  within  the  cortex,  and  from 
its  cells  are  no  doubt  able  to  draw  water  for  the  upper  parts  of  the  stem.1  Ulti- 
mately many  of  these  roots  reach  the  soil.  At  best ,  howuver,  neither  of  these 
systems  has  been  satisfactory.  All  that  can  be  said  for  them  is  that  they  have 
enabled  the  monocotylous  trees  in  which  they  are  found  to  hold  their  own  in 
xerophilous  conditions. 

Of  Phyla  ivifhin  Dicolylcdonca  and  Monocotyledons. 

A  brief  reference  only  to  the  groups  within  the  Dicotyledones  and  Monocotyle* 
dones  must  conclude  these  remarks.  Whilst  there  is  a  wonderful  concurrence  in 
the  opinion  of  botanists  as  to  the  natural  groups — real  phyla,  whether  termed 
cohorts,  alliances,  or  series— into  which  many  of  the  families  of  both  Dicotyledones 
and  Monocotyledones  fall,  there  is  irreconcilable  divergence  of  view  as  *to  their 
genetic  sequence  or  sequences.  And  this  is  not  surprising  when  we  remember  that 
wo  know  nothing  of  the  starting  point  or  points  of  the  classes  themselves ;  and 
have,  moreover,  no  critical  mark  by  which  to  diagnose  a  primitive  from  a  reduced 
feat  tire  in  many  of  the  llower  constructions  to  which,  as  characteristic  of  Angiosperms, 
importance  is  attached.  The  desire  to  establish  a  monophyletic  sequence  of  these 
phyla  is  natural,  and  finds  expression  in  pedigrees  of  Dicotyledones  issuing  from, 
it  may  be,  1  Janalos  or  Piperales,  of  Monocotyledones  from,  say,  Apooarpitj  or  Aralos. 
But  all  such  attempts  appear  to  me,  in  the  present  state  of  our  knowledge,  to  be  in 
vain.  \Ve  pee  in  the  phyla,  as  we  know  them,  culminating  series  in  our  epoch  in 
lines  of  descent;  some,  for  instance  Myrtalos  or  Lamiales,  progressive;  others, 
liko  Primulales  or  Pandoles,  apparently  not  so.  \Yo  also  recognise  that  these 
series  group  themselves  in  many  cases  as  branches  of  broader  lines  of  descent :  for 
example,  in  the  Bicarpellatro  of  Gamopetalce,  in  the  llelobieiu  of  Monocotyledones. 
To  a  greater  or  less  degree  such  relationships  are  traceable  now,  and  as  we  obtain 
more  knowledge  of  the  angiospermous  plant-life  of  the  world  they  will  be  widened. 
Hut  this  is  a  different  thing  from  the  carrying  back  the  pedigree  of  every  phylum 
of  dicotylous  and  monocotylous  plants  to  one  or  other  ot  the  existing  ones,  which 
may  possess  what  are  taken  to  be  elementary  characters.  Wo  have,  so  far  as  I 
know,  no  evicloncw  to  sanction  the  belief,  or  even  the  expectation,  that  thero  is 
extant  any  family  of  Dicotyledones  or  Monocotyledones  which  represents  even 
approximately,  a  primitive  type  in  either  class.  '.The  stem  in  each  has  gone.  AVe 
have  the  twigs  upon  a  few  broken  branches. 

Amongst  the  phyla  we  cannot  discern  any  one  type  that  can  be  described  as  tho 
dominant  one.  The  multifarious  adaptability  of  the  angiospermous  type  has 
given  us  diverse  forms,  suited,  as  far  as  we  discern,  no  less  well  to  the  varied 
environments  of  our  epoch.  Yet  we  are  able  to  differentiate  certain  of  them 
which  take  precedence  alike  in  point  of  number  of  species  and  in  area  of  distribu- 
tion. If  we  seek  for  some  general  character  that  marks  these  advanced  groups 
wo  find  it  in  tho  tendency  to  greater  investiture  of  the  ovule,  both  in  Dicotyledones 
and  Monocotyledones,  This  is  brought  about  in  different  ways ;  for  instance,  by 
tho  sinking  of  the  gynrcceum  in  the  torus  as  in  Composite,  by  inclusion  within  a 

1  I  leavo  it  to  Palreophytologists  to  say  whether  this  construction  may  sometimes 
account  for  the  profusion  of  roots  alongside  of  stem-structure  in  fossil-sections. 
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persistent  calyx  as  in  Labiatse,  or  within  bracts  as  in  Gramme®,  This  feature,  it 
will  be  observed,  emphasises  that  which  I  have  put  in  the  forefront,  as  leading  to 
the  establishment  of  the  angiospermous  type.  That  it  must  give  greater  security 
to  the  embryo  in  relation  to  its  water-supply  is  obvious,  although  it  lias  evidently 
also  direct  connection  with  seed-dispersal.  Another  general  character  observed  in 
these  higher  groups  is  the  greater  security  for  economical  pollination  afforded  by 
the  adaptations  in  relation  to  insect-visits.  At  the  same  time  the  case  of  the 
Crraminefle  shows  us  that  other  adaptations  in  this  respect  are  not  incompatible 
with  prominence. 

I  will  not  dwell  upon  the  influence  of  water  upon  the  vegetative  organs  in 
Dicotyledones  and  Monocotyledones.  Of  all  the  factors  of  environment  its  effects 
are  best  known  because  most  easily  seen.  The  examination  of  plants  from  the 
standpoint  of  their  relation  to  water — bearing  in  mind  that  this  is  physiological, 
and  not  merely  physical — has  already  thrown  a  flood  of  light  upon  their  forms  and 
upon  their  distribution,  and  oilers  a  fertile  field  of  investigation  for  the  future, 

Water  has  been,  then,  a  dominating  influence  at  all  periods  in  the  evolution  of 
our  vegetation.  The  picture  of  its  claim  in  this  respect  which  I  have  presented  to 
you  is  drawn  in  the  broadest  outline,  and  with  the  intention  more  of  recalling 
points  of  view  from  which  familiar  facts  in  the  life  of  plants  may  be  looked  at. 
It  is  just  occasions  like  this  which  give  the  opportunity  of  telling  to  a  competent 
audience  of  the  impressions  received  by  one's  most  recent  glimpse  in  the 
kaleidoscope  of  plant-life.  It  is  in  this  spirit  I  offer  my  imperfect  sketch. 


The  following  Paper*  and  Reports  were  read  : — 

j,  Tli?  Inlrrudtimial  Association  of  flofanisfs.     fly  Dr.  J.  P.  LOTSY, 

2.  Cytotor/y  of  the  Cyanophycew.     fly  HAROLD  WAGER. 

The  researches  of  Scott,  Zacharias,  and  others  have  definitely  revealed  the  fact 
that  the  contents  of  the  cells  of  the  Cyanophvcere  are  clifferentiatod  into  two  dis- 
tinct portions,  an  outer  peripheral  layer  in  which  the  colouring  matters  are  placed 
and  a  central  colourless  portion  which  is  usually  spoken  of  as  the  '  central  body.' 
The  central  body  is  regarded  by  many  observers,  and  notably  by  BUtschli,  as  a 
true  nucleus.  So  far  as  my  own  observations  go,  it  appears  to  me  to  resemble  the 
nuclei  of  higher  organisms  in  that  it  is  composed  of  a  chromatic  network,  but 
differs  from  them  in  the?  absence  of  a  nuclear  membrane  and  nucleolus.  Staining 
and  other  reactions  show  that  chromatin  is  present,  but  in  most  cases  only  in 
small  quantities.  The  presence  of  phosphorus  in  the  central  body  can  also  be 
demonstrated,  as  Macallum  has  shown,  by  means  of  the  inolybdate,  phenyl- 
hydrazin  reaction. 

In  the  process  of  division  the  cell  begins  to  divide  and  new  cell  walls  formed 
independently  of  the  division  of  the  nucleus. 

In  the  process  of  nuclear  division  the  chromatin  threads  become  drawn  out 
longitudinally  and  parallel  to  one  another,  and  are  then  divided  transversely. 
Some  of  the  division  stages,  especially  in  elongate  cells,  resemble  stages  in  true 
karyokinetic  division. 

Various  staining  methods  can  be  employed  to  render  the  structure  of  the 
central  body  visible,  but  it  is  more  clearly  demonstrated  in  some  species  than 
others. 

The  colouring  matter  is  not  distributed  evenly  through  the  peripheral  layer. 
It  occurs  in  the  form  of  granules  or  fibrils.  The  structure  of  the  peripheral  layer 
recalls  that  of  the  chromatophores  found  in  other  organisms.  Tt  consists  of  a 
colourless  and  a  coloured  portion,  and  the  coloured  portion  appears,  as  before  men- 
tioned, fibrillar  or  granular. 

The  investigation  of  the  cell  structure  of  the  OyanophyCero  is  pot  interfere^ 
with  to  any  considerable  extent  by  plasmolysis  phenomena. 
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The  action  of  artificial  digestive  fluid  is  not  very  reliable  as  affording  a  clue  to 
the  nature  of  the  central"-  \i .  V1  :. -1:  it  often  helps  to  render  its  structure  more 
clearly  visible  when  the  cells  are  subsequently  stained, 

3.  flontr  Botanical  Photographs  from  the  Malay  Peninsula. 
/?//  R  H.  YAPP. 


4.  The  Diameter  Increment  of  Trees.     By  A.  \V.  BORTHWICK,  B.Sc. 

There  are  two  methods  by  which  the  rate  of  growth  in  thickness  of  diameter 
increment  of  trees  can  be  ascertained.  One  of  these  methods  is  to  measure, 
annually  or  at  certain  intervals  the  diameter  or  circumference  by  means  of  tree 
callipers  or  a  tape*.  The  only  other  method  of  investigating  the  diameter  incre- 
ment, on  standing  trees  is  by  means  of  a  very  useful  instrument  known  as  Pressler's 
increment-borer.  By  means  of  this  instrument  cylinders  of  wood,  about  a  quarter 
of  an  inch  in  diameter  and  from  two  to  six  inches  long — according  to  species — can 
be  extracted,  and  upon  those  t  lie  breadth  of  the  year-rings  measured.  In  order  to 
allow  for  any  irregularity  of  growth  it  is  safer  to  take  the  mean  of  four  cylinders, 
one  from  each  end  of  two  diameters  at  right  angles  to  each  other.  The  great 
difference  between  the  two  methods  is  that  the  latter  requires  only  a  few  minutes, 
while  the  former  require*  years  to  give  reliable  results.  It  is  therefore  of  some 
interest,  and  importance  to  know  how  the  results  got  by  both  methods  agree.  But 
unfortunately,  in  very  few  cases  have  careful  measurements  extending  over  a  long 
period  of  time,  been  carried  out.  In  fact,  in  the  whole;  history  of  British  arbori- 
culture there  is  no  other  place  where  more,  extensive  and  careful  records  have  been 
kept.  than  in  the,  1'oyal  Botanic  Harden,  Edinburgh.  So  for  back  as  the  year 
1H75  the  late  Sir  linbert  Ohristison  began  a  series  of  systematic  girth  measure- 
ments on  marked  trees  in  the  garden,  and  since  his  death  in  the  year  1882  these 
observations  have  been  carried  on  by  Dr.  David  Christison,  who  has  recently 
published  some  of  his  interesting  results  in  the  '  Notes  from  the  lloyal  Botanic 
Harden.' 

Through  the  kindness  of  Professor  Bayley  Balfour  1  have  had  the  rare  oppor- 
tunity of  testing  whether  the  increment-borer  would  yield  the  same,  or  approxi- 
mately the.  same,  results  as  the  tape.  On  comparing  the  results  obtained  by  both 
methods  it  was  extremely  interesting  to  lind  how  closely  they  coincided.  Tim 
actual  figures  ore  not  the  same,  because  the  borings  were  not  taken  at  the  same 
level  as  the  tape  measurements.  They  were  purposely  taken  slightly  higher  or 
lower,  as  seemed  expedient,  in  order  not  to  interfere  with  the  marked  circum- 
ference, measured  by  Dr.  CMiristiaon.  Although  the  actual  figures  for  each  year 
do  not  coincide,  the  mean  or  average*  for  a  period  of  1i\e  or  ten  years  does 
correspond  very  closely. 

5.  On  the  Absorption  oj  Amnwiria  from  Polluted  Sea -irafe r  hi/  the  Ulva 
latissirna.  /;//  Professor  LETTS,  />.#•.,  7V/./>.,  and  JOHN  HAW- 
TIIOKXE,  ft. A. 


In  a  previous  research1  it  was  shown  that  the  occurrence  of  this  sea-weed  in 


which  the  sea-weed  occurs  in  abundance,  and  of  others  from  which  it  is  virtually 
absent ;  and  (3)  experiments  on  the  assimilation  of  nitrogenous  compounds  by  the 
growing  w//.v^from  sea- water  artificially  polluted. 

Commencing  these  latter  experiments    somewhat  cautiously,  it   was    first 

1  B.A.  JftywrUOOO,  and  Proc.  Jloy.  rtv.  Edi».,  1901,  p.  268. 
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proved  that  all  the  ammonia  was  removed  from  a  sample  of  sea-water  considered 
to  be  somewhat  highly  polluted  (0-046  part  ammonia  per  100,000)  by  a  few 
days'  contact  with  the  sea-weed.  Next  it  was  found  that  the  absorption  occurred 
in  less  than  twenty-four  hours,  while  later  experiments  have  bkown  that  tho 
remarkable  power  of  assimilating  ammonia  which  the  sea-weed  possesses  had  been 
altogether  underestimated,  as  well  as  the  rapidity  with  which  the  absorption 
occurs.  The  method  of  experiment  was  that  previously  employed.  A  sample  of 
the  polluted  sea-water  was  first  analysed  and  placed  in  a  glass  dish.  Next  a  frond 
of  the  ulva  was  immersed  in  it,  and  iinally  portions  of  tho  sea-water  withdrawn 
and  again  analysed  after  suitable  intervals.  Two  different  series  of  experiments 
were  made,  the  first  with  a  solution  of  ammonium  chloride  in  pure  sea-water,  and 
the  second  with  a  mixture  of  sea-water  and  the  elliuent  resulting  from  the 
treatment  of  sewage  by  the  so-called  *  Bacteria  Beds.'  All  the  experiments  in  the 
first  series  were  made  with  the  same  piece  of  sea-weed,  which  had  an  area  of 
about  200  square  inches ;  and  a  similar  remark  applies  to  the  second  series,  in 
which,  however,  several  pieces  of  sea-weed  were  used  having  a  total  area  of  about 
600  square  inches,  Individual  experiments  in  both  series  were  made  to  test  the 
absorptive  power  of  the  ulva  in  relation  to  concentration  (of  the  ammonia),  as  well 
as  the  effects  of  light  and  darkness.  The  following  table  gives  the  chief  results 
obtained : — 

Absorption  of  Ammonia  by  Ulva  latissima/?*0w — 


Solution  of  Ammonium  Chloride  and  Pea-water 

^Fixture  of  Baete 

(Area  ot  Fronds  200  Square  Iiu 

lies) 

(Area  ot  Ki 

(  Volume  of  Mixture,  "2\  Lilies) 

(Volume 

Parts 

Percentage  of  Ammonia 

i 
s         Parts 

^ 

of  Am- 

Absorbed after 

0) 

C3  -K 

ol  Am- 

^ 3 

monia 

It 

monia 

per 
100,000 

•„ 

per 
100.000 

K  ft  of  liquid 

£j 

5      3 

y 

fc; 

^  *j  of  liquid 

& 

W    oriRin- 

o 

coo 

c 

In 

^  ^->  oiif4in- 

a 

ally 

**"  ' 

ft     W  ,  SI 

W 

6 

all> 

HH 

present 

"             "* 

Y* 

present 

lA 
6A 

0-085 
0-1  HO 

59 
OS 

HI      01 
8K      90 

97 

j- 

Daylight. 

T- 

o-os  i 

0-112 

ct 

ft  9 

4A 
7A 

0-085 
0-960 

37 
29 

77     87 
41     56 

91 
G7 

75f 

Darkness. 

4E 

o-osu 

0-095 

IK 
58 

— 

— 

— 

—     — 

— 

— 

»K 

0-5.52 

4:J 

Percentncfe  of  Ammonia 
Absoi  bed  alter 


In 


i 

SO     M\ 
45      f>K      —      -- 

7«i  '  87  •  IK 
6:1     73  I  98 


9G  I 


The  general  conclusions  to  be  drawn  from  the  experiments  are  as  follows : — 

(1)  The  absorption  of  ammonia  by  the  sea-weed  is  very  rapid,  and  with  tho 
mixtures  used  practically  all  the  ammonia  was  absorbed  in  five  hours  (with  one 
exception,  when  75  per  cent,  was  lost). 

(2)  The  amount  absorbed  is  greatest  during  the  first  hour  of  contact,  and  then 
rapidly  falls  off. 

(3)  Although  the  concentration  of  tho  ammonia  exercises  some  effect  on  the 
proportion  absorbed,  it  is  by  no  means  so  considerable  as  might  have  been  expected. 

(4)  The  sea-weed  absorbs  ammonia,  both  in  daylight  and  in  darkness,  but  tho 
proportion  in  the  latter  case  is  rather  less  than  in  the  former. 

(5)  The  effects  of  an  increased  area  of  the  sea-weed  on  the  proportion  of 
ammonia  absorbed  are  not  so  great  as  might  have  been  expected. 

These  results  may  be  of  practical  importance  in  those  districts  where  a  serious 
nuisance  results  from  the  decay  of  large  quantities  of  the  ulva  which  have  been 
washed  ashore,  or  which  have  accumulated  in  shallow  water.  For  it  seems  probable 
that  by  allowing  the  effluent  from  the  bacterial  treatment  of  sewage  (which 
treatment  gets  rid  of  much  of  the  ammonia  originally  present)  to  remain  in 
contact  with  the  growing  ulva  in  specially  constructed  ponds  containing  sea-water, 
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before  discharging  it  into  the  sea  itself,  the  ammonia  or  nitrate  will  be  absorbed,  and 
that  the  mixture  of  effluent  and  sea-water  will  then  no  longer  provide  nourishment 
for  the  ulva  in  the  sea  itself,  and  that  consequently  the  sea-weed  will  be  so  much 
reduced  in  quantity  in  the  district  as  to  cease  to  give  rise  to  a  nuisance. 

The  stimulating  effects  of  the  ammonia  or  effluent  were  evident  from  the  rapid 
evolution  of  oxygen  from  the  surface  of  the  sea-weed,  which  always  occurred  about 
fifteen  minutes  after  the  addition  of  the  polluting  substance,  and  forms  a  pretty 
experiment. 

In  two  cases  the  dissolved  gases  were  extracted  from  the  sea- water  in  which 
the  ulva  was  immersed  (by  boiling-  out  with  dilute  sulphuric  acid  in  vacua)  imme- 
diately after  adding  the  polluting  material,  and  again  some  hours  later,  and 
analyses  made.  The  following  results  were  obtained : — 

Experiment  5A.  (Daylight). 

Immediately  after  adding 

Ammonium  Chloride 

(0-180  part  per  100,000)  Four  Houi'b  Late*, 

(c.c.  per  Litre  at  N.T.1J.) 

T=14-l  T-15S) 

CO.,...  21-09 15-90 

0.:...  11-41 14-84 

N*...    9-7!) 9-88 

Loss  of  CO3  =,  5-79  c.c.  Gain  of  <X  =  3'43  c.c. 

(About  2  c.c.  of  evolved  oxygen  ga&  were  also  collected.) 

E^tcriment  8u  (Lartmes*). 

Immediately  after  adding 

Effluent  Four  Hours  Later. 

(20  per  cunt.) 

T-H-fi  T  =  H-8 

CO,...<>:5-59 66-44 

o <v:u 3-85 

Nl..  .  IHW 11-74 

Gain  of  CO, .=  2-85  c.c.  Lo.-,  of  O.,  =  2-40  c.c. 

hi  OA  the  ulra  had  Leon  in  contact,  with  the  sea- water  for  a  considerable  time, 
whereas  in  tf  E  fresh  sea- water  was  used. 

The  above  analyses  are  interesting  in  several  ways.  First,  iu  Experiment  SA, 
the  amount  of  oxygen  found  is  greatly  in  excess  of  the  value  given  by  JDittniar 
in  the  '  Challenger '  Reports  for  the  volume  of  oxygen  which  one  litre  of  sea- 
water  can  take  up  when  saturated  with  constantly  renewed  air  at  the  existing 
temperature,  Dittmar's  figure-  for  L">°  C.  being  r>-8S  c.c.  The  action  of  the  i/loa 
i&  therefore,  in  a  Kjn>e,  to  Mtpersalin'ttic  tho  bca-wutiT  with  oxygen  under  the 
existing  conditions. 

Secondly,  the  amount  of  carbonic  anhydride  found  (in  the  same  experiment)  is 
much  less  than  that  present  in  normal  tea- water,  Diltmars  .average  for  the  total 
volume  in  sea-water  being  about  48  c.c.  per  litre,  of  which  in  .ill  probability  some 
40  c.c.  aro  in  the  form  of  soluble  bicarbonate  of  calcium  or  magnesium.  Tt  is 
evident  therefore  that  the  ulva  gains  its  carbon  from  the  carbonic  anhydride  of 
these  salts. 

Thirdly,  the  results  of  the  experiment  in  darkness  demonstrate  in  an  interest- 
ing manner  the  true  respiration  of  the  iilvrr,  carbonic  anhydride  being  evolved  in 
practically  tho  same  amount  as  the  oxygen  disappearing. 


6.  Notes  on  Stellaria  holostea  and  Allied  Species.    By  JOHN  PATERSON. 

Biology. — The  shoots  appear  in  early  spring  before  the  development  of  the 
grasses.  The  leaves  are  arranged  parallel  to  the  stem  axis  in  bud  condition.  They 
open  out  and  grasp  the  leaves  of  the  grasses  and  other  herbage  as  these  develop, 
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being  thus  delicately  balanced.  The  leaves  are  elastic  and  tend  to  return  to  their 
original  position  when  displaced. 

The  young  shoots  are  rigid,  but  the  older  parts  become  elastic  and  flexible,  so 
that  the  stem  is  kept  erect  by  the  leaves  clinging  to  other  plants,  and  falls  down 
when  detached.  When  the  plant  withers  in  autumn  the  stems  fall  to  the  ground 
and  continue  their  growth  by  buds  which  arise  alternately  in  the  axils  of  some  of 
the  leaves ;  the  branches  are  thus  able  to  extend  over  ti  large  area  in  a  manner 
which  would  be  impossible  if  they  remained  erect. 

Anatomy.— -The  epidermis  has  circularised  walls,  The  cortex  is  turgid,  con- 
sisting of  large  cells  with  strengthening  tissue  at  the  corners,  which  act  like  pillars, 
keeping  the  central  cylinder  stretched  out. 

The  endodermis  is  very  distinct.  The  pericycle  and  tissue  formed  from  it  are 
several  cells  thick. 

There  nre  six  vascular  bundles  separated  by  primary  medullary  rays. 
There  are  pith  cells,  but  the  stem  is  hollow  in  the  centre.  In  an  older  stem  the 
cortex  withers  and  becomes  detached  from  the  central  cylinder,  though  tin* 
ruptured  endodermis  cells  still  persist,  and  the  central  cylinder  then  contracts  and 
the  vascular  bundles  become  consolidated,  whilst  the  primary  medullary  raya 
become  more  or  less  obliterated.  A  continuous  cork  sheath,  several  layers  thick, 
is  then  formed  from  the  pericycle.  Adventitious  roots  arise  at  the  node.s  of  the 
older  stems. 

The  arrangements  in  Stellciria  yraminea,  IS.  uliyimma,  S.  media,  S.  nenwruw, 
8.  glauca,  and  other  Caryophyllace»  are  shortly  compared. 


7.  The  Morphology  oflhv  '  flower*  '  of  Cuphalolaxub. 

lYtJ  W.  0.  WoitSDKLL.' 

Malt1  *  FloH  er#? 

Comparison  of. .structure*  with  that  of  the  allied guncra  Cr/iiA//",  7V/.i'// 
PhyUucladus.     History  of  views  on  subject :  Eichlrr  and  CrlaJwivkf/ 

It* male  *  Flvwern? 

Account  of  comparative  structure  of  normal '  flower.'  History  of  views  on  Mib- 
ject:  JSicMer,  Strasbiurffcr*  Van  Tw/hem,  Q'lakonkj/.  Author  considers  the  view 
on  the  morphology  held  by  Lust-mentioned,  writer  a.s  the  only  teiuiMu  one. 

Original  observations  on  proliferated  inflorescences  and  '  flowers. J  Proliferation 
of  both  primary  and  secondary  ('  floral')  axes  occurs  Latter  consist*  in  elongation 
of  an  axillary  axis  on  which  the  two  ovules  are  .situated  laterally,  and  which  may 
produce  rudimentary  foliar  organs  both  above  and  below  insertion  of  ovules. 
Ovules  may  also  appear  at*  rudimentary  foliar  organs  borne  on  tho  axillary  axis. 
This  fact  appears  to  author  to  refute  tho  axial  theory  of  ovulo  of  IJichler  and 
Strosburger,  and  to  support  the  foliolar  theory  of  same  put  forward  by  Celakovsky. 
Value  of  inetsimorphoffpnp&w  as  an  aid  to  determining  morphology  of  uny  recondite 
structure  is  illustrated  in  caoo  of  Cei>hal<Aa.cus. 


8.  The  Morpholoyy  q/  the  Ovule.     An  Historical  Mkctch. 
Jly  W.  C.  WOKSDELL. 

Three  principal  views  as  to  morphology  of  ovule  have  been  held  : — 

1.  Axial  Theory. 

On  this  theory  the  ovule  is  an  organ  of  axial  structure,  the  nucellus  represent- 
ing a  bud,  and  the  integuments  the  first-formed  foliar  organs  thereof.  Chief  pro- 
pounders  of  this  view,  von  Mohl  (1851),  Sckacht  (1859),  fndlicher  and  Ungtr 
(1843),  4Ux.  Xraun  (1860). 
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:?.  Foliolar  Theory. 

On  this  theory  the  ovule  is  homologous  with  a  leaflet  of  a  carpel,  viz.,  the 
integuments  with  the  terminal  and  two  lateral  segments  of  the  leaflet,  and  the 
nucellus  with  an  emergence  borne  on  tho  upper  or  ventral  surface  of  the  former  ; 
the  nucellus  is  thus  directly  homologous  with  an  eusporangium,  such  as  that  of 
Angioplerix.  Primitive  position  of  nucellus  or  sporangium  is  terminal  to  leaflet, 
as  is  caso  iii  normal  ovule,  whore  the  hoinologue  ol  leaflet  of  carpel  takes  the 
form  of  one  or  two  urceolato  envelopes.  Caso  of  Ferns  where-  sporangium  is  • 
usually  borne  on  lower  surface  of  leaflet  is  an  instance  of  progressive  metamor- 
phosis from  the  primitive  condition  ;  hero  the  green  leaflet,  or  its  receptacular 
representative,  is  the  homologue  of  the  outer  integument  of  the  ovule,  and  the  in- 
(lusium  of  tho  inner  integument  of  the  latter.  Thy  loplosporangium  of  most 
ferns  is  the  result  merely  of  tho  ultimate  subdivision  of  tho  eusporangium,  and  is 
homologous  with  a  trirhomr.  The  abnormalities  resulting  from  tho  metainorpho- 
genesis  of  the  parts  of  the  ovule  are  tho  decisive  and  only  reliable  sources  for 
determining  the  true  morphology  of  the  ovule.  Chief  propounders  of  this  theory 
are  Ilrwyniart  (the  founder,  18^4);  Cramer  (1801),  Celakvvsky  m(\*7\  11)00), 
Eichler  (1875),  Warminy  (1878).  Of  these,  Celakovsky  is  responsible  for  the 
formulation  of  the  theory  as  above  summarised. 

«'3.  iSui  generis  Thevry, 

This  theory  holds  that  the  sporangium,  with  its  homologue  the  nuocllus,  i*  an 
organ  sui  yenerit,  and  cannot  be  included  under  any  of  the  morphological  categories 
of  stem,  root,  leaf,  or  trichome.  The  integuments  are  new  structures  arising  on  the 
sporangium  or  nucclliis.  The  abnormalities  arc  of  no  permanent  value  for  deter- 
mining tho  morphological  relationships  of  the  parts  concerned.  The  chief  up- 
holders of  this  view  are  tiach$  (187-J^,  Uucbel  (1887),  ScJtmitz  (I87i')>  &tra#&urffer 
(1870),  />Wrr  (L8JM). 


!).   7%«  Jlixlolugy  of  the  hi*:vc  Tubes  i/Piniw.     liy  A.  W.  II  ILL. 

Tho  sieve  lube.s  of  (  iynmogpornis  have  been  previously  investigated  by  Oo 
l»«ry,  .1  anczowski,  Uussow,  KeimtMii'rlofl',  and  Strasburjror  especially  with  refer- 
once  to  the  ^structure  of  the  sieve  plate  and  tlio  mode  of  communication,  between 
adjoining  sieve  tubtv. 

rrhe  pre.M'iit  researches  have  proved  that  the  results  obtained  by  l\us^w  are,  in 
the  main,  correct  ;  for  it  has  been  found,  ah  he  describes,  that  the  mature  fcieve 
pluto  is  traversed  by  groups  of  callus  rate,  which  are  interrupted  at  the  middle 
lamella  by  median  nodules,  and  that  each  callus  rod  contains  from  three  to  seven 
strise—  or  spots  if  examined  in  surface  view  —  which  are  strings  of  slime, 

With  questions  of  development  Ku&sow  was  not  very  successful,  and  it  ih  with 
them  that  the  chief  interest  of  the  research  lies. 

The  youngest  sieve  plates  or  pit-closing  membranes,  which  could  be  examined, 
showed  '  connecting  threads  '  like  those  in  ordinary  tissue;  but  in  the  &o-called 
'  boundary  cells  *  —  i.e.,  the  youngest  thick-walled  sieve  tubes—  a  change  takes  place, 
namely,  tho  appearance  of  the  callus.  Callus  first  appears  on  one  surface  of  the 
sieve  plate,  at  the  places  where  tho  groups  of  *  connecting  threads  *  occur,  and  it 
gradually  spreads  as  a  rod  along  a  group  of  the  threads  to  the  middle  lamella;  a 
similar  change  then  takes  place  on  the  oilier  side  of  the  lamella.  The  lamella 
itself,  however,  is  not  con  verted  into  callus,  but  a  refractive  median  nodule  appears 
separating  the  two  portions  of  the  callus  rod. 

Accompanying  this  change  the  protoplasmic  threads  become  converted  into 
slime  strings.  A  similar  etate  of  things  obtains  in  part  with  the  sieved  between 
the  sieve  tubes  and  the  albuminous  cell$. 

The  changes  just  described  are  without  doubt  due  to  the  action  of  fer- 
ments, which  travelling  along  the  threads  convert  them  into  slime  strings  and 
at  the  same  time  alter  the  cellulose  portion  of  the  pit-closing  membrane  in  their 
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neighbourhood  into  callus,  forming1  thp  callus  rods.    The  subsequent  increase  of 
the  callus  to  form  the  callus  cushions  is  due  to  the  activity  of  the  protoplasm. 


10.  Report  OH  Fertilisation  in  Phwophyccw.—  #QQ  Reports,  p.  -14  S. 


11.  Report  on  the  Morphology ',  Ecology,  and  Tawnoniy 
qfthu  Podostcmaccic. — See  Reports,  p.  447. 


FRIDAY,  SEPTEMBER  13. 
The  following  Papers  were  read: — 

1.  On  Correlation  in  the  Growth  of  Roots  and  Shoots. 
By  Professor  L.  KNY. 

The  objections  made,  to  the  authorV  former  paper  nil  the  Mime  subject  *  by 
Heering2  are  here  criticised.  If  iu  his  fir&t  paper  he  only  ga've  the  final  result  of 
his  experiments  and  not  the  detailed  steps  by  which  the*  iir&t  result  wa»  brought 
about,  he  did  &o  because  the  removal  ot  the* root  or  of  the  bhoot  from  tin-  seed- 
lings must  at  first  cause  a  shock  to  the  organism  and  disturb  its  development, 
quite  independent  of  any  correlation.  This  anticipation  was  t-hovn  to  be  true  by 
the  careful  studies  of  Townsend.1 

Of  the  experiments  which  he  made  after  the  publication  of  his  fiist  paper  lit1 
quotes  0110  with  re>puct  to  cuttings  of  Ampelnptix  rjuhiqurfolia.  From  this 
experiment  it  follows  that,  just  as  in  the  cuttings  of  NalLc  acwmnata  and 
8.  purpurca,  thi>  continual  removal  of  the  young  shoots  wa*  soon  followed  by  a 
less  vigorous  development  of  roots,  and  vice  rcrsct.  There  i.-,  however,  thi->  ihhYr- 
encc  to  be  noted,  that,  whereas  in  8ali.v  the  retarding  influence  i->  to  be  detected 
lirst  in  the  roots,  in  Ampehjws  there  are  the  shoots,  which  in  thi*  case  proved 
themsolveh  to  be  more  sen.Mtive  lhau  the  roots. 

The  paper  will  be  published  in  full  in  the  'Annals  of  Hoi  any. 


2.  The  Bromrsand  th'ir  Brown  Rust.   JJy  Prof.  MARSHALL  WAUD,  F.Ii.ti. 

The  author  has  been  for  som«j  time  occupied  with  the  grasses  of  the  genus 
Eromus  and  the  behaviour  of  tho  uredo  of  the  brown  rust  (Pucuinifr  diywrsa) 
upon  them.  The  work  has  entailed  careful  examination  of  thy  seeds  and  seedlings 
of  a  large  number  of  European  and  foreign  Bromes  and  critical  analyses  of  the 
anatomical  and  morphological  characters  used  in  the  systematic  botany  of  the 
group 

The  plan  of  the  invsfiirati''  i  i  h'l.iilu-  the  Mature  */f  inftM-ti'/n  ami  conditions 
of  attack,  and  all  discoverabl"  ivlir.on-  l.«'»wr.-?i  IJOM  -unl  I'.ir^ili1 

The  germination  of  the  gia^  ^i<l  lui ,  U>i|  *«i  ml*  .r^tinu:  points.  Thev  can  he 
treated  antisepticallv  in  vnnou^  wa\N  ami  grown  a.s  pure  cultures  in  nutritive 
solutions  in  glass  tubes  of  various  Nlv-tpeH,  designed  either  to  allow  of  the  cpntinuon.s 
aeration  of  the  plantlet  by  a  current  of  filtered  air  drawn  through  by  aspirators,  or 
not. 

Such  pure  cultures  of  the  grass  were  then  infected  with  uredo-spores.andinten 
to  twelve  days  gave  rise  to  pure  cultures  ofttie  uredo,  which  germinated  and  infected 
other  similarly  pure  cultures  of  the  grass  inoculated  with  them.  Control  cultures 

1  Ann.  jfttf.,  viii,  1894,  p.  265.  *  Jahrb.f.  vs.  Sot.,  ssix,  1896,  p  132. 

*  Ann.  £ot.,*i.  2  897,  p.  509  ff. 
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in  tubes,  but  not  infected,  gave  rise  to  no  uredo,  even  if  raibed  from  the  seeds  of 
diseased  plants.  The  pustules  of  uredo  only  originate  at  that  spot  on  the  leaves 
where  the  uredo-spores  were  sown. 

These  results  lend  no  support,  therefore,  to  any  hypothesis  of  internal  or 
seminal  infection. 

Long  series  of  sowings  were  made  to  test  the  conditions  of  germination  of 
the  uredo-spores,  for,  strange  as  it  may  seem,  little  attention  has  been  paid  to  this 
matter.  The  minima  and  maxima  temperatures  of  germination  are  about  10°  0.  and 
270§5C.  respectively,  the  optimum  being  about  18°  0.  Many  failures  in  infections 
aie  due  to  the  non-germination  of  the  spores  ill  hot  weather. 

The  effects  of  light,  of  other  organisms  (<?.#.,  Algae),  of  various  extracts,  and  of 
the  age  of  spores,  &c.,  were  also  examined. 

The  uredo-spores  may  be  frozen  for  ten  minutes,  but  will  not  recover  after  two 
hours'  freezing. 

Infection  experiments  on  pot  plants  were  made — several  hundreds  in  ail- 
on  twenty-one  species  or  varieties  of  Broniut. 

The  general  results  are,  put  very  shortly,  as  follows :  Although  the  uredo 
examined  is  in  all  morphological  respects  absolutely  identical  on  all  the  species  of 
Bromus  on  which  it  occurs,  nevertheless  if  spores  gathered  from  B.  sterilis  are 
sown  on  1L  mollis  the  infection  fails,  whereas  spores  of  the  same  batch  sown  on 
B.  stcrili*  infect  normally  and  rapidly.  And  similarly  in  other  case».  Spores  from 
B.  mollis  readily  infect  B.  mollis,  and  (less  certainly)  its  allies  B.  secalinus  and 
/?.  ixlutinus,  B.  arvensix  and  others  of  the  Serrafalcus  group ;  but  they  fail  on  B. 
men  iMt/x,  />'.  tectorum,  L\  sterilis,  J3.  madritcnw,  &c. — the  Stenobromun  group — and 
so  with  other  cases. 

[TABLES  I.  sincl  II.] 

In  the  annexed  tables  (I.  and  If.)  arc  tabulated  the  results  obtained  in  seven 
of  the  experimental  series.  The  tables  explain  thom>elv*'S,  but  it  may  be  well  to 
note  that  the  species  of  Jjromit*  employed  as  host-plants  have  here  been  arranged 
in  similar  order  throughout  in  order  to  facilitate  comparison.  Thus  B.  erectus  to 
Jf,  ci/iftftt*  are  representatives  of  th«  lir.-t  group  (M-xtucoides)  ;  B.  tectnrum  to 
Jt.  maxim i/#,  inclusive,  of  tho  second  group  (Stenobromus^\  B.  secalinus  to  It. 
marrostftchtix,  inclut-ive,  of  the  third  group  (fferrafafctts)  ;  and  7>.  nnioloidcs,  with 
which  I>.  Miraderiis  synonymous,  of  tho  fifth  n'roup  (Ccmtochha).  Tho  author 
has  not  yet  had  time  to  examine  />.  ardwHH?n*i#  (fourth  group),  and  in  a  few 
crises  the  serie*  of  experiments  are  too  few  for  any  statements  nf  value,  as  to  details. 
Hut  it  seems  clear  that  the  general  statement  is  sufficiently  proved  as  regards 
groups  2  and  i>  at  Iwvst. 

The  scries  selected  for  tabulation  in  the  f-'ri^v in?  tablets  are  only  a  few  taken 
from  1ho  numerous  Nets  of  Mmilar  experiments.  This  is  hardly  the  place  for 
reproduction  of  many  other  details,  but  in  order  to  give  some  idea  of  the  enormous 
amount  of  labour  involved  in  Mich  an  investigation,  another  table  (III.)  is  appended 
giving  a  summary  of  all  tho  series  of  this  season's  put-plants  under  normal  condi- 
tions only,  exclusive  of  experiments  with  tubes  and  with  extraordinary  conditions 
such  as  diminished  mineral  supplies,  and  so  forth. 

Here,  again,  it  will  be  seen  that  the  general  accuracy  of  tho  conclusions  put 
forth  is  fully  evident,  though  a  detailed  examination  of  "the  series — conditions  of 
infection,  incubation,  &c. — is  necessary  for  the  explanation  of  one  or  two  apparent 
discrepancies — e.g.,  to  explain  why  tho  percentage  of  failures  was  so  high  with  7?. 
velutinu*  infected  with  spores  from  />*.  secalinus.  These  matters  must  be  left  for 
future  treatment,  and  in  sonic  cases  for  further  experiments  next  season. 

[TABLE  III.] 

Thus,  in  tho  annexed  Table  III,  we  see  that  eighty -five  plants  of  B.  moltisvr&ce 
inoculated  with  uredo-spores  derived  from  P.  r.iaK:f,  of  which  sixty  (over'70  ppi1 
cent.)  gave  positive  results,  £.*,,  actually  developed  pustules  at,  the  spots  inoculated  ; 
but  it  should  be  noted  that  in  many  cases  here  recorded  as  failures— -because  1  put 
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as  negative  all  cases  where  no  pustules  appear --distinct  ilecks  were  formed  on  the 
leaves ;  eighty-four  plants  of  the  same  species  (  //.  moltiti)  were  inoculated  with  spores 
derived  from  If.  stenlis  but  none  succeeded,  and  eight  were  tried  with  spores  from 
YA  secalmiis,  of  which  three  (37-5  per  cent.)  succeeded  and  five  failed. 

Again,  looking  at  7?.  sterilis,  we  find  that  eighty-six  out  of  ninety  attempts  to 
infect  this  species  with  spores  from  Ji.  nwlfa  failed,  whereas  sixty-eight  out  of 
eighty-four  (81  per  cent.)  attempts  to  inoculate  the  same  species  succeeded  when 
the  spores  used  were  derived  also  from  Jt.  xlmYur.  All  the  eighteen  plants  inocu- 
lated with  spores  from  />.  secalinu*  proved  immune. 

Having  regard  to  the  morphological  groups  of  these  1  Ironies,  it  is  found  that 
any  given  species  or  variety  is  most  easily  infected  by  spores  which  hjrv  o  been 
grown  on  the  same  species  or  variety,  less  certainly  by  spores  from  allied  species, 
and  not  at  all  successfully  by  spores  from  a  species  in  another  group.  Some  in- 
teresting details  regarding  the  relations  between  host  and  parasite  in  in  lection  are 
also  to  hand. 

Three  stages  of  development  on  the  part  of  the  uredo  must  be  distinguished : 
(I)  The  germination  of  the  spore  and  development  of  the  germ-tube  ;  (-)  the  en- 
trance of  the  latter  as  an  infection-tube  through  the  btoma  of  the  grass;  and  (o) 
the  growth  of  the  latter  into  a  branched  mycelium  in  the  intercellular  spaces  of 
the  host,  into  the  culls  of  which  it  bends  haustovia,  and  imally — about  the  tenth 
day  after  *  iwin,.  :iir..I:i  puts  iorth  spores  as  it.  breaks  out  through  the  stomata  in 
the  form  ot'  the  well-known  rust-pustules.  This  last  period  may  be  termed  the 
incubation  period. 

The  author  finds  that  various  exigencies,  u&puciully  of  the  weather,  ailed,  the 
fungus  during  each  of  these  three  periods. 

Infection  may  fail  becaubu  tho  temperature  is  loo  high  or  ton  low  during  the 
i.erminatlou  period,  or  the  germ-tubes  may  dry  up,  or  bo  killed  in  other  waj^. 

On  reaching  a  stoma  the  successful  entrance  of  the  germ-tube,  as  an  infecting 
tube, depends  on  various  factors,  of  \\hich  the  specific  nature,  of  the  1  ironic  attacked 
is  an  important  one.  Taking  spores  d<'ri\ed  from  />.  jW/tV,,  for  example,  their 
germ-tube.^  appear  to  so  corrode  and  destroy  the  tissues  of  B.  */m'/i«*  tlmt  the  spot 
where  the  sowing  is  made  turns  black  and  die,-.,  and  no  biicce-ssful  infection  occurred  ; 
mi  />.  vnaximu*!  />'.  i tier  mi*,  and  others,  on  the  other  hand,  no  swce^i'iil  attack  is, 
as  a  rule,  established  at  all. 

Even  when  the  infecting  tube  )HH  established  an  entrniico,  several  events  may 
intervene  to  prevent  successful  infection;  i.e., the  fuuimtioii  of  11  normal  inter- 
cellular mycelium  which  dominates  tho  t issues  and  ultimately  breaks  forth  from, 
the  stomata  again  as  pustules  with  fresh  crops  of  uredo-spore^ 

If  the  host  is  starved  of  carbohydrates  by  partial  etiolation,  or  of  minerals  by 
lack  of  supplies  in  the  soil,  or  by  interference  \viththe  transpiration,  &c.f  the 
mycelium — even  in  a  species  normally  quite  suitable  t')  the,  parasite-  only  drags 
on  a  miserable  existence  and  has  not  strength  to  form  .spores.  In  such  case* 
nothing  further  results  than  the  development  of  pale,  feeble  flecks  on  the  leaf. 
The  same  thing  occurs  in  some  partially  immune  species,  e\e,n  though  nourishing, 
evidently  owing  to  the  refusal  of  tho  cells  to  allow  the  mycelium  to  dominate, 
their  life. 

These  antagonistic  reactions  of  tho  ho&t-plant  are  not  due  to  any  structural 
peculiarities  discoverable  by  the  microscope :  nor  is  it  a  simple  matter  of  tho 
excretion  of  any  poisonous  soluble  constituent  of  the  sap,  judging  from  the  experi- 
ments in  which  uredo-spores  derived,  for  example,  from  Jt.  Molli*  germinatud 
satisfactorily  in  both  boiled  and  unboiled  aqueous  extracts  of  the  leaves  ot  />.  tteritit, 
which  had  been  previously  filtered  through  stone  filters  under  pressure.  In  addi- 
tion to  the  case  of  successful  and  normal  infection,  therefore,  throe  distinct  ewes 
of  failure  to  infect  can  be  distinguished :  (1)  in  which  the  preliminary  establish- 
ment of  an  infecting  mycelium  is  assured,  but  this  remains  dormant,  i.e.,  fails  to 
dominate  the  living  cells  of  tho  leaf,  and  only  a  pale  yellowish  fleck  results ;  (2)  in 
Nyhich  the  attack  of  tho  germ-tube  is  so  vigorous  that  it  kill*  the  guard-cells  and 
tissues  and  produces  a  black  corrosion  spot,  in  which  the  para*ittj  can  make  no 
progress,  ;'(U)  complete  immunity  ;  the  para&ite  fdiU  to  get  any  hold  on  the  leaf 
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at  all,  and  tho  latter  is  as  green  and  healthy-looking  ut  the  end  of  the  normal 
incubation  period  as  before  inoculation. 

These  observations  lend  no  support  to  either  tho  AlxiMplfMK  theory  of  Eriksson, 
or  to  any  theory  which  attempts  to  explain  outbreaks  of  rust  to  intra-seminal 
infection  handed  down  from  parent  to  offspring,  and  the  author  believes  that  the 
difficulties  hitherto  met  with  in  understanding  the  sudden  epidemics  of  these 
rust-diseases  will  disappear  as  we  gain  exact  information  of  the  conditions  of 
germination,  infection,  and  incubation  of  the  disease-producing  parasite  ;  as  also 
of  its  habits  of  lurking  in  the  older  leaves  of  the  grabs  in  spots  where  the  produc- 
tion of  a  very  few  spores  —  quite  invisible  on  a  casual  overhauling  of  the  grass  — 
prepares  the  way  for  more  extensive  infection  as  the  weather  changes. 

On  tho  other  hand,  they  throw  considerable  light  on  the  question  of  adaptive 
parasitism,  and  show  that  the  previous  nutrition  of  the  uredo-spores  affects  their 
parasitic  power,  with  regard  to  another  host-species,  in  much  tho  same  way  that 
the  previous  nutrition  affects  any  other  disease  germ  —  (.f/.,  certain  bacteria  —  or 
even  saprophytes  —  e.y.9  certain  yeasts  »ud  fungi.  If  only  one  in  a  million  of  the 
spores  once  manages  to  gain  a  hold  on  a  species  or  variety  hitherto  immune,  its  spore 
progeny  can  now  successfully  attack  that  species  or  variety  ;  and  in  proportion  as  it 
becomes  more  and  more  specially  adapted  to  life  in  the  tissues  of  this  new  host 
will  it  n'nd  difficulties  in  going  back  to  its  old  hoot  or  forwards  to  another,  and 
bo  on. 

o.   Tlw  Pact  llislury  of  'the  )~ew  ut.  (Imat  llritaiti,  and  Ireland.1 
J>y  Professor  H.  COXWKXTZ,  Dan^ly. 

Many  years  ago  the  author  studied  the  distribution  of  this  specif.**,  and  he  has 
inquired  as  tolhi1  causes  of  its  disappearance  in  nearly  all  tin1  countries  of  the  , 
middle  and  north  of  Kin-op**;  also  in  the  Hriti>h  Islii.  It  i*  his  opinion  that 
there  are  three  points  which  prove1  aprmious  wider  distribution,  viz.,  sub-fossil 
remains,  prehistoric  and  historic  ant  iquitie>,  and  place-names.  \\\  microscopical 
examination  he  has  found  n  great  number  of  «ub-  fossil  yew  tree?  frniii  submerged 
forests  and  other  localities  in  England  and  behind.  Then  he  has  examined  the 
prehistoric  wooden  boxes,  buckets,  ivc.,  in  the  Hritish  Museum,  London,  in  the 
{Science  and  Art  Museum,  Dublin,  &c.,  and  he  1m*  iduntiiied  more  than  thirty 
with  TVz.rwx.  Attention  i*  drawn  to  the  unmeant*  uninhabited  places,  which  in 
former  tinu>  were  very  often  called  after  indigenous  trees,  lie  ha>  made  out.  a 
number  of  M>nie  hundreds  of  Knglish,  Scottish,  and  (specially  of  lri>h  pl?a-e- 
numch  from  the  yew  which  are  not  unworthy  of  being  considered  b>  botanists. 
({aided  by  the  names  of  such  localities  in  Germain,  he  has  dug  into  the  ground, 
and  has  found  sub-iWil  remain*-  ol'  the  \ew.  Therefore  lie  has  suggested 
researches  of  this  kind  ulso  in  the.  JJriti>h  Ish'b,  and  he  would  be  glad  to  get  binall 


pieces  of  bog  \\ood  for  examination. 

Tho  genus   is  not  of  a  considerable   geological   npo,  a?   nearly  all   Tertiary 
remains  described  under  the  name  of  Tuum  are  not  ve\v. 


•1.  On  the  Distribution,  of  Certain,  Forest-  Twtt  in  tfcotfnwt,  ftt  shown  by  the 
Iniestigution,  of  Post-Glacial  Dfjtostts.     Jiy  W.  N.  NIVEN. 

rrii«  information  has  been  chiefly  obtained  from  occasional  references  in  many 
topographical  books  of  Scotland  to  the  discovery  of  various  trees  in  particular 
districts. 

The  following  are  some  of  the  volumes  (about  seventy  in  number)  from  which 
information  has  been  derived  : — 

'  New  Statistical  Account/    15  volumes.    1845, 
1  Old  Statistical  Account.'    21  volumes.    1701-09. 

*•  The  paper  will  be  published  by  the  Royal  Irish  Academy. 

3i2 
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1 A  Practical  Treatise  on  Peat  Moss/    Anderson.    1794. 

1  Edinburgh  Philosophical  Journal.'    Volumes  iii.f  vii. 

'  Transactions  of  the  Royal  Society  of  Edinburgh.'    Volume  ix. 

*  Transactions  of  the  Inverness  Scientific  Society/    Volume  iii. 
'  Vertebrate  Fauna  of  Moray/ 

*  Cairngorm  Club  Journal/ 

1  Pennant's  Tour  in  Scotland/    1709. 

1  Woods,  Forests,  and  Estates  of  Perthshire/    Thos.  Hunter. 

*  Transactions  of  the  Buchan  Field  Club/    Volume  iv. 

'  Transactions  of  the  Dumfries  and  Galloway  Natural  History  and  Antiquarian 
Society/ 

'  Annals  of  Scottish  Natural  History/    Nos.  L>3-25. 

'  Tour  through  Orkney  and  Shetland/    George  Low.    1774. 

'  My  Schools  and  Schoolmasters/    Hugh  Miller. 

<  Edinburgh  and  its  \-  V  li    .-1      V    Hugh  Miller. 

*  Origin  ol  the  Britis  •  I.  •    "    <   ••••    -.    Uoid. 
'  Great  Ice  Ajre/    Profc  James  Ueikie. 

*  Prehistoric  Europe/    Prof.  James  Geikie. 
And  others. 

The  following  trees  have  been  discovered : — Hawthorn,  older,  common  ash, 
birch,  alder,  hazel,  oak,  willow,  yew,  and  tir,  all  of  which,  with  the  exception  of 
the  ash,  are  considered  natives  of  Scotland.  The  cones  of  the  silver  iir  have  been 
dug  out  of  the  peat  in  Orkney,  but  this  tree  is  not  now  /  V...  •  >.,  to  Scotland. 
Several  shrubs,  including  the  juniper  and  raspberry,  ay  well  as  miiny  flowering 
plants,  have  also  been  discovered. 

On  a  map  prepared  by  the  author  the  localities  uro  marked  where  this  various 
trees  have  b«en  found.  The  records  are  probably  not  complete,  but  are  Miflicieiil 
to  show  the  distribution. 

It  will  1x3  seen  that  there  are  few  parts  of  Scotland,  however  tivok'-ss  at  the 
present  day,  that  were  not  in  remote,  and  even  in  comparatively  recent  times 
covered  with  woodlands.  This  is  also  bhowu  by  the  place- name*.  As  regards 
the  special  trees : — 

The  oak  is  very  widely  distributed.  Its  mo.st  northern  occurrence  is  Caithness- 
bhire,  and  it  is  recorded  in  every  other  county.  It  has  even  been  found  in  the 
peat  bogs  in  the  now  treeless  islands  of  Lowis  and  Tiree. 

It.  is  interesting  to  note  that  many  of  tbo  oaks  have  been  found  at  high  altitudes, 
f.//.,  800  feet  above  sea-level  (parish  of  Cro},  Inverne^-shiro),  and  of  considerable 
MZC,  e.f/.,  70  feet  in  length  (Drumcricfj. 

The  Scots  fir,  probably  the  7Y>///«*  *///«v/wx,  is  another  widely  distributed  tree. 
It  is  common  in  the.  Northern  Counties,  in  1he  Orkneys  and  "Lewis,  in  all  t ho 
Midland  Counties,  with  the  exception  of  Jt'orfar  and  1/ife,  but  in  the  Southern 
Counties  it  is  only  recorded  in  Renfrew,  Edinburgh,  lioxburgh,  Dumfries,  and 
"Wigtown. 

The  hazel  has  been  found  in  the  subim-r^rd  forests,  and  in  many  other  parts  of 
the  mainland,  as  well  as  in  the  Orkney  and  Shetland  islands  and  in  many  of  the 
Western  Isles.  No  record  has  been  found  of  its  occurrence  in  Sutherland,  but 
throughout  the  Midlands  it  ib  fairly  plentiful,  and  in.  the  Lowlands  it  has  been 
noted  in  all  the  counties,  with  the  exception  of  I  faddiugton,  Linlithgow,  Selkirk, 
Dumfries,  and  Wigtown. 

The  birch  is  recorded  in  the  Orkney  and  Shetland  Islands,  and  in  tho  majority 
of  the  counticb  from  Caithness  to  Wigtown. 

Regarding  the  other  trees  few  records  have  been  discovered.  The  alder  in 
recorded  from  Lewis,  Banff,  Aberdeen,  Kincardine,  Perth,  File,  Argyll,  Lanark, 
arid  Edinburgh.  Willows  (species  unknown;  are  noted  in  both  Caithness  and 
Sutherland.  They  have  also  been  obtained  from  the  peat  bogs  in  Renfrew,  Lanark, 
and  Roxburgh.  The  ash  is  generally  regarded  as  a  probable  native  in  the  south 
of  Scotland. 
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Hugh  Miller,  in  'Edinburgh  and  its  Nriirlihi  MI  v»:o'vl/  makes  reference  to  finding 
'  what  appears  to  be  ash '  in  the  brickclays  of  Porto bello.  It  is  also  recorded  from 
the  mosses  in  Ballantrae,  Ayrshire,1  and  Bowden  Parish,  lloxburghshire.2  Then, 
again,  many  of  the  implements  found  in  Southern  Orannogs  are  reported  to  be 
made  of  ash  wood,  but  it  must  also  be  regarded  as  indigenous  in  Northern  Scotland 
if  we  accept  its  occurrence  in  the  Bay  of  Keiss,  Caithness- shire,  mentioned  by  the 
writer  on  Caithness  in  the,  *  New  Statistical  Account*  (vol.  xv.  p.  ]20). 

The  only  records  of  the  occurrence  of  the  hawthorn,  yew,  and  elder  have  been 
obtained  from  Edinburghshire. 

In  conclusion,  the  evidence,  which  is  obtained  by  the  examination  of  the  various 
post-Glacial  duposita,  indicates  in  u  very  clear  manner  that  the  trees  reroioVd  should 
IMS  considered  truly  indigenous  to  Scotland. 


5.  Professor  J.  REYNOLDS  GREEN,  3f  A^  F.R.F., 
Flrsh'1'ati'ng  Pin nfs. 


6.   Contributions  to  our  Knoirlptlye  of  tip  Kamelopkyf?,  ?w  tkn 

and  Lycopodia?"*.     Hy  WILLIAM  H.  LVNC,  J/.7A,  D.Se. 


1.  The  prothalli  of  Qpliiuglowum  pendulum  and  llelmiiit  hunt  arty*  scy  la  nicer. 
The  wholly  saprophytic  prothallus  of  O.  pendulum  was  found  in  humus  collected 

by  epiphytic  iVrns  in  Ceylon.  It,  is  at  first  button-shaped,  but  by  branching  th« 
older  prothalli  coine  to  consist  of  a  number  of  short  cylindrical  branches  radiating 
into  the  humus.  The  apices  aro  smooth  and  convex.  ;  the  surface  of  the  older 
parts  is  covered  with  short  unicellular  hair?.  Uhizoids  are  absi-nt.  The  young 
prothallus  and  the  branches  aro  radially  symmetrical.  Tn  the  older  parts  all  tho 
cells  except  the  superficial  layers  contain  an  emlophytic  fungus  ;  nearer  the  apex 
t  he  central  strand  of  tissue  becomes  free  from  fungu*.  The  protlmllus  is  nioiwciniib. 
The  antheridia  tiro  sunken,  with  ft  slightly  convex  outer  wall  one  layer  of  cells 
thick;  in  surface  view  this  shows  a  triangular  opereular  cell.  The  jieck  of  th«» 
!.  "  .  .  which  projects  very  slightly,  consists  of  about  sixteen  cells  in  four 

rows.  The  central  series  in  all  archegonia  yet  observed  consists  of  ovum  and  :i 
single  canal  cell.  A  basal  cell  5*  present. 

The  prothalli  of  //"•.'*  •'•/'•  .'"'/n  wore  found  a  few  inches  below  the  surface 
of  the  soil  in  a  frequently  flooded  jungle  in  Ceylon.  Tin-  sporophyte  is  also 
abundant,  in  drier  situations,  but  younjf  plants  found  there  -\\ere  of  \e^etati\« 
origin.  The  prothalli,  which  have  not  been  observed  to  branch,  aro  radially 
symmetrical.  The  smallest  were  stout  cylindrical  structures  the  lower  part  or 
which  was  darker  in  tint  and  bore  rhizoids  ;  the  upper  bow  the  sexual  oi<rans, 
which  arise  ocropetnlly  behind  the  conical  apical  region.  In  tin1  vegetative  region 
tho  internal  cells  contain  a  mycorhizal  fungus  ;  in  older  prothalli  this  may  extend 
into  the  lower  part  of  the  sexual  region.  In  prothalli  which  bear  arehegonia  the. 
vegetative  region  is  relatively  more,  developed,  and  in  both  these  and  the  malt* 
prothalli  it  becomes  more  or  less  lobed.  An  imperfect  distinct  ion  of  male  and 
female  prothalli  appears  to  be  tho  rule,  but  both  arehegonia  and  nntheridia  mav 
occur  on  the  same  prothallus.  The  antheridi  i  are  large  and  sunken  :  the  slightly 
con  vox  outer  wall  is  two-layered  except  at  the  places  when*  dehiscence  may  occur, 
which  consist  of  single  large  cells.  The  invh-ii-'V-i  have  a  neck,  consisting  of  four 
rows  of  colls,  which  projects  considerably.  The  details  of  their  structure  have 
not  as  yet  been  made.  out. 

2.  On  tho  mode  of  occurrence  of  the  prothallus  of  Lycopottinm  wlago  at  Clovn. 
The  sporophyte  of  this  plant  is  very  common  on  moors,  screes,  and  crags  in  the 

Clova  valley,  and  in  these  situations  seems  to  be  reproduced  almost  entirely  by 

1  Jtfffr  Statistical  4ccwnt,  vol.  v.  p.  417.  •  Hri(?.t  vol.  iii.  p.  3G. 
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means  of  bulbils.  On  the  sometimes  submerged  margin  of  Loch  Brandy,  however, 
numerous  sexually  produced  plants  and  prottialli  can  be  found  growing  in  the  soil 
between  the  stones.  The  difference  in  the  conditions  under  which  the  sporophyte 
can  exist  and  those  necessary  for  the  successful  germination  of  the  spores  is 
analogous  to  what  has  been  found  to  be  the  case  for  Helminthostachys. 

3.  On  some  large  prothalli  of  Lycopodhnn  crrnuum. 

The  prothalli  of  this  plant,  described  by  Treub,  were  of  small  size,  one  of  the 
largest  measuring  2  mm.  in  height  by  1  mm.  across.  On  the  banks  of  roads  close 
to  Kuala  Lumpur  much  larger  prothalli  were  found.  They  were  cake-like 
structures,  of  a  deep  velvety  green  colour,  about  2  mm.  in  vertical  thickness,  but 
measuring  sometimes  6  mm.  across  :  they  were  attached  to  the  soil  by  numerous 
rhizoids  springing  from  the  flat  base.  Such  specimens  have  lost  nil  trace  of  the 
definite  form  which  sometimes  characterises  the  smaller  prothalli,  and  are  of 
interest  for  comparison  with  the  large  protliallus  next  described. 

4.  On  the  protliallus  of  Puilutum. 

The  prothallus  of  this  plant  was  searched  for  without  success  in  Ceylon.  The 
sporophyte  occurred  on  tree-fern  trunks  on  Maxwell's  Hill  in  Perak,  and  a  single 
prothallus  was  found  there  embedded  among  the  roots  of  the  tree-fern  close  to  a 
Psilotvm  plant.  No  other  plants  grew  on  this  tree-fern,  and,  although  a  few 
species  of  Lycopodium  occur  sparingly  in  the  locality,  there  seems  a  strong 
probability  in  favour  of  this  specimen  being  the  prothallus  of  Pxilotum.  The 
specimen  measured  one  quarter  of  an  inch  in  height  by  fa  inch  across  at  the 
widest  part.  It  consists  of  a  cylindrical  lower  region  covered  with  rhizoids  ; 
near  the  lower  end  of  this  is  a  well-marked  conical  projection  (primary  tubercle). 
The  upper  part  widens  out  suddenly,  and  its  thick  overhanging  margin  bears 
numerous  antheridia.  The  summit  of  the  prothallus  is  depressed  and  smooth.  In 
general  form  the  prothallus  resembles  some  small  specimens  of  Lijcopodium 
cernuum,  but  thelipper  region,  from  which  assimilating  lobes  are  absent,  ilnds  its 
closest  analogue  in  prothalli  of  L.  clavatinn. 


7.  Note  on  an  Oplrioglossum  roJIaclfid  by  Mr.  Rirllry. 
P>y  Professor  F.  O.  UOWEU,  F.R.8. 

Professor  Bower  exhibited  a  specimen  of  Oplrioglosswn  simpler,  n.sp.,  collected 
by  Mr.  llidley  in  Sumatra  and  handed  to  the  author  by  Professor  P.  Uroom.  Ft 
appears  to  be  entirely  without  the  sterile  leal-lobe,  though  the  fertile  spike  is 
characteristically  that  of  an  OpJiiofflosswrn.  If  it  is  actually  demonstrated  that 
the  sterile  lobe  is  really  absent,  this  peculiar  plant  may  give  rise  to  considerable 
morphological  discussion. 

8.  Abnormal  Secondary  Thickening  in  JCondrickia  Walkori,  ITook.  /". 
By  Miss  A.  M .  CLARK. 

1.  Kendrickia    Walker  i.  Hook,   f.,  one  of  the  Melastomacero,   is  a  tropical 
epiphytic  climbing  shrub. 

2.  The  anatomy  of  the  young  stem  is  typical  of  the  family  Melastomacero. 

3.  At  a  fairly  early  stage  numerous  amall  patches  and  several  large  wedge- 
shaped  areas  of  thin-walled  unlignified  wood-parenchyma  are  cut  off  from  the 
inner  side  of  the  completely  circular  cambium  ring. 

4.  Tylosis  is  of  frequent  occurrence,  and  the  tylosed  cells  may  develop  into 
sclerotic  cells  inside  the  vessels  and  tracheids. 

5.  Later  the  unlignified  wood-parenchyma  cells  at  the  central  margin  of  the 
wedge  area  take  upon  themselves  new  growth  accompanied  by  cell  division. 

The  product  of  this  new  growth  proceeds  to  split  the  axial  woody  ring  into  a 
varying  number  of  portions,  partly  by  forcing  a  way  between  rows  of  adjoining 
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tracheids  and  partly  by  lyloses  into  tracheids  and  vessels,  utilising  the  space 
contained  in  the,  lumen,  with  subsequent  destruction  of  the  identity  of  these  wood 
elements. 

6.  Later  the  quiescent  cambium  lying1  between  the  original  internal  phloiun  and 
the  axial  woody  ring-  takes  upon  itself  new  growth,  and  proceed <*  to  lay  down 
xylem  on  the  one  side  and  phloem  on  the  other. 


SATURDAY,  SEPTEMBER  11, 
The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  10. 

A  joint  Discussion  with  Sect  ion  L  on  '  Tho  Teaching  of  Ijotany'  was  opened 
by  the  reading  of  the  following  .Papers : — 

i.   The  TfftcJthirt  of  Jiotrmy  in  FcJiooIs.     By  HAROLD  \WJEI?. 

Discussion  is  invited  on  the  following  topics: — Place  of  botany  in  the  school 
curriculum  ns  compared  with  chemistry  nnd  physics.  Its  importance  as  an 
od ucational  subject ;  as  a  training  in  scientific  method.  Amount  of  time  avail- 
able for  it. 

Choice  of  botanical  topics  suitable  for  schools,  J  light  selection  important.  It 
is  not  possible  or  desirable  to  explore  tho  whol*«  iield  of  botany.  'Intelligent 
knowledge  of  a  few  truths'  required  rather  than  an  imperfect  acquaintance  with 
u  vast  number  of  fact*.  Among  the  various  topics  which  will  be  found  useful  in 
th»*  school  course,  experimental  plant  physiology,  especially  in  connection  with 
nutrition,  respiration,  and  transpiration,  is  probably  ono  of  the  most  valuable.  It 
uflords  »n  excellent,  training  in  observation,  experimental  manipulation,  drawing 
conclusions  from  facts  observed,  weighing  evidence1  for  and  against  them,  and  in 
neatness  and  accuracy. 

Kquipment.  Simple,  laboratory  and  fittings.  Class-room  accommodation . 
Apparatus. 

Methods  of  teaching.  The  pupil  should  be  led  through  his  own  experiments 
and  observations  to  come  to  conclusions  for  himself.  The  work  done  in  tho 
laboratory  should  precede  any  discussion  of  it-  in  tin*  class-room.  Experimental 
work  should  not  be  merely  illustrative  of  the  lecture  or  text -book.  As  Spencer 
ssiys,  pupils  'should  bo  told  as  little  as  possible  and  induced  to  discover  as  much 
sis  possible.'  Uecords  of  experiments.  Importance  of  drawing.  Time  required 
by  the  teacher  for  tho  preparation  of  experimental  lesions.  Field  work.  Collect- 
ing and  collections,  Models. 

ii.   The  Tracking  of  Ho  f  any  In  Universities. 
Notes  by  Professor  F.  <).   liowtin. 

7*/W/WMJW?vVx.-- -As  matters  stand  nt  present,  no  previous  study  of  botany  by 
tho  student  on  entry  to  the  university  can  be  presupposed  ;  a  knowledge  of  plants 
by  iield  collection  is,  however,  most  desirable,  ns  well  as  by  such  teaching  as 
suggested  by  Mr.  Wager  in  schools  ;  but  microscopic  work  in  schools  is  not  to  bo 
encouraged  :  the  time  would  be  bet  ter  employed  in  acquiring  even  the  rudiments 
of  French  and  German.  Thus  under  present  conditions  any  junior  class  in 
botany  in  a  university  will  necessarily  be  mixed,  as  regards  previous  knowledge  and 
scientific  method,  as  much  as  in  intellectual  power  of  tho  individuals.  In 
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lecturing  aim  not  at  the  highest  nor  the  lowest  intellects,  but  so  as  to  keep  those 
about  20  per  cent,  down,  with  their  minds  at  full  stretch. 

Protest  against  so-called  *  elementary  biology '  as  an  introduction  to  the  study 
of  botany.  It  was  merely- a  weak  concession  to  circumstances. 

Elementary  course,  should  be  attended  by  all,  even  by  those  who  already 
profess  some  knowledge  of  the  subject  acquired  at  school,  for  this  course  should 
be  a  general  and  methodical  foundation  for  the  study  on  the  advanced  stage, 
morphological,  anatomical,  ;V-','  v.:".  and  systematic.  The  length  of  the 
course  should  be  not  less  than  fifty  lectures  and'a  hundred  hours  of  laboratory 
work  closely  connected  with  the  subject-matter  of  the  lectures.  Observation  with 
the  simple  lens  and  drawing  the  results  should  bulk  more  largely  than  it  does  at 
present  in  laboratory  teaching.  Microscopic  observation  has  been  overdone. 

Advanced  courses  should  treat  of  special  branches  of  the  science,  and  not  try  to 
be  generally  encyclopaedic.  Each  course  should  lead  the  student  of  that  special 
branch  up  to  the  limit  of  present  knowledge,  with  ample  reference  to,  and  present- 
ment of,  current  memoirs ;  thus  the  pupil  will  be  introduced  to  the  special  litera- 
ture of  the  science,  and  learn  how  to  extend  it.  Laboratory  and  herbarium  and 
museum  work,  ranging  over  as  wide  an  area  of  illustration  as  possible,  should 
accompany  each  special  course. 

Advanced  students  should  be  left  largely  to  themselves,  and  thus  learn  to  think 
and  act  independently :  the  object  of  the  student  attending  advanced  courses 
should  be  not  so  much  to  acquire  information,  as  to  learn  scientiiic  method,  and 
how  to  investigate.  Microtomes  should  be  accessories,  not  the  divinities,  of  tin* 
laboratory. 

Research* — All  are  not,  and  cannot  be,  investigators.  Professors  should  be 
discreet  in  encouraging  research.  At  present  the  results  of  investigation  are  given 
too  prominent  a  place  in  selection  for  preferment.  Hence  the  rush  to  ( investi- 
gate '  whether  fit  for  it  or  not.  The  result  is  many  barren  publications,  and  some 
disappointed  lives. 

Research  should  not  be  begun  too  early,  nor  be  pursued  to  the  exclusion  of 
continued  general  improvement  in  the  science.  Professors  should  have  no  com- 
punction in  stopping  the  unfit. 

The  presentment  of  the  results  of  research  in  good  literary  form  is  a  first  duty 
of  the  investigator  ;  there  is  too  much  voiding  of  mere  laboratory  notes,  and  too 
much  prolix  writing;  an  abstract  should  always  be  given.  Advocate  the  study 
of  classical  papers  as  models. 

In  the  above  notes  no  mention  lias  been  made  of  the  general  administrative 
duties  of  a  professor  apart  from  the  teaching  of  botany. 


The  following  Papers  were  read  : — 

1.  Notes  on  Prese.rvinff  and  7V-//"  /•//?'/  Plants  for  Museum  Purposes. 

By  H.  F.  TAGC. 

With  the  object  of  rendering  the  preparat  ions  educationally  more  useful,  it  has 
been  the  practice  in  preparing  specimens  for  the  Museum  of  the  Royal  Botanic 
Garden,  Edinburgh,  to  name  the  different  organs  by  means  of  labels  and  pointers 
attached  to  the  specimen. 

A  preparation  of  the  kind  was  exhibited  in  1$9G,  but  the  many  inquiries  made 
since  regarding  the  preparation  of  the  specimens  prompted  a  general  description 
of  the  methods  employed  along  with  a  statement  of  the  results  of  some  experiments 
which  led  to  the  adoption  of  these  methods. 

I.  Methods  of  Preserving. — Noticing  first  the  characters  of  plant  specimen  we 
may  wish  preserved,  the  separation  of  these  into  characters  of  colour  ana  characters 
of  form  coincides  with  the  separation  of  the  methods  of  preserving  into  two  groups 
— preserving  by  drying  and  preserving  by  means  of  liquid  media.  Drying  the 
plant  has  proved  the  only  method  satisfactory  for  the  preservation  of  the  colours 
of  plants,  but  fails  commonly  when  applied  to  the  preservation  of  the  natural  form, 
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Liquid  preservatives  are  invaluable  for  the  preservation  of  the  form^  but  their  use 
involves  a  sacrifice  of  the  natural  colours. 

Characters  of  colour,  however,  have  not  as  a  rule  the  same  morphological  im- 
portance as  have  characters  of  form,  so  that  preserving  hy  drying  is  rarely 
resorted  to. 

Turning  to  liquid  preservatives,  all  do  not  preserve  the  form  of  plants  equally 
well,  and  it  is  important  to  distinguish  those  preserving  only  the  form  and  shape 
of  the  separate  parts  from  those  preserving,  not  only  the  form  of  the  separate 
organs,  but  the  relationships  of  the  parts  to  one  another  also.  Expressed  con- 
cretely, the  separate  leaves  on  a  twig,  their  shape,  substance,  and  form,  may  bo 
well  preserved  in  a  given  medium;  but  unless  there  is  also  preserved  the  correct 
angle  at  which  the  leaves  stand  out  from  the  stem,  and  their  relationships  to  one 
another  in  leaf  symmetry,  then  the  preservation  of  the  form  of  the  specimen  is  of 
a  limited  kind.  Again,  tho  value  from  this  point  of  view  of  any  preservative 
differs  somewhat  according  to  the  character  of  the  specimens  to  be  preserved. 
These  may  be  grouped  as  follows  :— 

1.  Herbaceous  plants  and  organs  which  in  the  natural  state  owe  their  shape 
and  firmness  to  the  ti,ir_'«-r---nro  of  tho  cells  more  than  to  special  -'       . -'. '.••.'"_• 
tissues.     Such  specimens  rlag  and  become  soft  when  that  turgescence  is  lost.     For 
these  st/rong  alcohol  has  given  by  far  the  best   results.     It  penetrates  quickly 
and  fixes  by  dehydration  the  shape  and  position  of  the  parts  before  changes  due  to 
loss  of  turgescence  occur.     Formaline  may  preserve  well  the  form  of  the  separate 
parts,  but  tho  specimen  remains  soft  and  the  organs  flaccid  and  drooping. 

2.  Woody  structures,    twigs,  roots,  &c.     For   these  alcohol   or   an   aqueops 
medium  answers  equally  well.     The  choice  of  one  or  another  is  determined  by  a 
consideration  of  tho  ultimate  method  of  exhibition. 

3.  Succulent  plants,  succulent  fruits,  and  all  bulky  specimens  co« it  ajninir  rela- 
tively large  quantities  of  water.     Alcohol   if  employed   for  these   often   causes 
contraction.     Formaline  or  some  other  aqueous  medium  is  to  be  preferred,  as  such 
penetrate  less  readily  and  exert  a  less  energetic  attraction  for  the  contained  water. 

II.  Pleaching. — Specimens  which  darken  in  the  alcohol  or  formaline  in  which 
they  are  preserved  are  bleached  by  one  or  other  of  the  following  methods: — 
(a)  By  immersion  in  hot  or  boiling  water ;  (//)  by  means  of  acid  alcohol;  (c)  by 
the  use  of  bleaching  solution  (hypochlorite  of  lime).     To  prevent  as  far  as  possible 
the  darkening  in  alcohol  the  specimens  are  immersed  in  the  preservative  as  soon  as 
gathered,  and  when  possible  exposed  at  once  to  direct  sunlight. 

III.  Mounting. — The  specimens  are  attached  to  thin  clear  glass  by  means  of 
photoxylin  or  gelatine,  the  glass  being  cut  to  fit  the  rectangular  vessel  in  which 
the  specimens  are  to  be  exhibited.     The  back  of  the  vessel  is  painted  a  suitable 
colour,  or  coloured  glass  is  placed  behind  the  clear  glnss.     Never  is  the  specimen 
mounted   direct    upon    blue  or  opal  glass,   ns  this  renders  impossible  a  change 
of  background  should  the  continued  bleaching   or   darkening   of   the   specimen 
demand  it. 

The  naming  of  the  parts  of  the  specimen  is  accomplished  as  follows : — 

1.  The  parts  named  are  pointed  out  upon  the  specimen  itself  by  means  of 
pointers  made  of  thin  glass  tubes  containing  colouring  matter  to  render  them 
conspicuous ;  or 

2.  A  photograph  or  drawing  of  the  specimen  is  made,  and  the  names  of  the 
parts  indicated  upon  this. 

2.  The  Anatomy  of  Ceratopteris  thalictroides  (Brongniart). 
By  SvniLLK  O.  FORD,  Nrivitham  College^  Cambridge. 

Ceratopteris  thalictroides  is  the  single  member  of  the  Parkeriaceoe.  It  ia  an 
annual  aquatic  fern  which  occurs  hi  the  tropics,  either  rooted  in  the  mud  or 
floating  freely. 

The  ptem  is  much  reduced ;  sterile  as  well  as  fertile  leaves  are  found,  botl\ 
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kinds  bearing  numerous  vegetative  buds.  The  sporangia  are  scattered  on  the  under 
side  of  the  fertile  leaves,  and  have  no  true  indusium.  The  roots  in  the  mature 
plant  arise  from  the  bases  of  the  petioles. 

The  vascular  bundles  in  the  petiole  are  arranged  in  two  concentric  rings,  the 
outer  ring  being  the  larger ;  each  individual  bundle  has  a  bi-collateral  structure. 

The  stem  is  polystelic,  an  outer  ring  of  large  steles  and  an  inner  group  of 
smaller  ones  being  found.  The  structure  of  each  bundle  is  bi-collateral.  In 
young  stems  the  steles  are  all  the  same  size,  the  bundles  of  the  first  leaves  and 
roots  of  the  young  plant  being  in  close  connection  with  those  in  the  stem.  The 
apex  of  the  stem  is  in  the  form  of  a  cone  with  a  three-sided  apical  cell. 

The  roots  have  a  single  stele  and  several  air-passages.  The  latter  arise  as 
splits  between  cells  at  a  short  distance  below  the  three-sided  apical  cell. 

The  vegetative  buds  arise  from  a  single  cell.  The  apical  cone  is  at  first  very 
broad,  with  a  three-sided  apical  cell.  In  older  buds  the  apex  gradually  narrows. 

Ceratojiteris  has  more  strongly  marked  affinities  with  the  Polypodiaceas  than 
with  any  other  of  the  Leptosporangiate  ferns.  It  has  slighter  affinities  with  tho 
Marsiliaceee,  and  may  possibly  be  intermediate  in  position  between  these  two 
orders. 


3.  An  Apparatus  for  Studying  the  Rat*  of  Flow  of  Solutions  In  riant 
Stems.  By  RICHARD  J.  ANDERSON,  M.A.,  M.D.,  Professor  of  Natural 
History,  Quern's  College,  (r  atony. 

The  agents  producing  the  circulation  of  fluids  in  plants  have  been  regarded  a<* 
mainly  physical.  Osmosis,  capillarity,  the  removal  of  the  fluid  by  transpiration, 
chemical  changes  iu  the  tissues  and  fluids,  and,  if  some  biological  factors  he 
added  that  work  out  the  details  of  distribution,  the  agents  are  well-nigh  cata- 
logued. Vital  force,  if  one  may  xise  the  term,  and  the  change  from  liquid  to 
gas,  and  the  reversing  of  this  process,  have  failed  to  explain  the  rise  of  fluid 
in  stems  to  a  height  of  200  to  300  feet  above  the  earth.  It  is  therefore  of 
interest  to  study  the  conditions  under  which  solutions  traverse  atoms.  Two 
methods  of  studying  the  laws  of  transmission  naturally  suggest  themselves.  A 
water-head  may  be  secured  by  placing  a  box  at  a  level  sufficiently  high  to  secure 
the  desired  pressure  and  a  portion  of  the  stem  to  be  examined  connected  by  a 
suitable  tube  to  the  reservoir;  or,  imitating  the  force  of  transpiration,  a  suction 
force  «et  up  by  means  of  an  ji.-p'rjil'i  LT  reservoir  may  be  employed.  F  have  used 
the  following  method :  A  ro-1  I'liir  :••  •;  long  is  fixed  at  its  centre  to  a  rotating 
axis.  The  axis  is  caused  to  revolve  by  a  motor  (electric  preferably).  Two  stems, 
as  nearly  alike  as  possible,  five-eighths  of  an  inch  in  diameter  at  the  thickest  end 
and  eight  inches  long,  are  taken  and  connected  each  to  two  small  bottles  or  tubes 
by  caoutchouc.  Each  bottle  has  a  tube,  or  second  neck,  leading  to  the  outer  air 
to  maintain  the  pressure  uniform  in  the  bottles.  The  tube  at  the  stem  pole  of  one 
of  the  specimens  to  be  examined  and  that  at  the  root  pole  of  the  other  are  to  bo 
three-quarters  filled  with  weak  solution  of  yellow  prussiate  of  potassium  in  each 
case,  or  a  solution  of  eosin,  A  solution  of  perchloride  of  iron  can  be  used  to  test 
the  stems  in  the  former  case.  The  two  stem  specimens  are  now  to  be  fixed  to 
each  side  of  the  rod  with  the  bottles  containing  the  fluids  nearest  the  centre  and 
at  the  same  distance.  An  axial  reservoir  may  be  substituted  for  tho  two  inner 
bottles.  This  has  been  completed,  but  I  have  not  yet  used  it.  Stems  of  yKsrulus, 
Syringa,  and  Philadelphus  have  been  employed.  •Solutions  pnss  freely  through 
sterns  of  Syringa,  if  the  bark  be  retained,  when  the  rod  moves  at  the  rate  of  ninety 
revolutions  per  minute.  In  some  experiments  the  flow  from  the  radical  to  the 
apical  pole  seemed  freer.  The  fluid  passed  much  less  freely  after  removal  of  tho 
bark.  These  statements  are  only  provisional.  Tho  following  interesting  ques- 
tions arise:  (a)  The  rate  of  flow  in  different  stems;  (/>)  the  comparison  of  the 
flow  from  the  radical  pole  of  one  stem  with  the  flow  from  the  apical  pole  of 
another ;  (c)  the  comparison  of  the  conducting  power  of  the  barked  stem  with 
the  stem  in  which  the  bark  is  intact;  (d)  the  conducting  powurs  of  tho  different 
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tissues  ;  (e)  the  influence  of  lateral  pressure  ;   (/)  the  difference  for  different 
fluids. 

4.  On  llw  Anatomy  of  Todea,  with  an  Account  of  the.  Geological  History 
of  the  Osmundacw.  P>y  A.  C.  SEWARD,  F.  R.S.,  and  Miss  SYBILLE 
6.  FORD. 

Tlit»  anatomical  structure  of  tlie  genus  Oxmuwfa  has  been  dealt  with  by  several 
writers,  and  more  particularly  by  /anetti  m  an  able  paper  published  in  the 
'  Botanische  Zeitung'  for  1805,  but  the  other  genus  of.  the  Osmundaceae  has  not 
received  equal  attention  at  the  hands  of  anatomists.  Our  work,  which  was  under- 
taken with  a  view  to  discover  in  what  respects  Todea  differs  from  Oseniurida, 
includes  the  examination  of  Todea  barbara  and  T.  wperba,  as  well  as  the  investi- 
gation of  series  of  microtome  sections  nf  young  plants.  The  family  Osmundaceio 
is  usually  regarded  as  to  some  extent  intermediate  between  the*Kusporangiate 
and  Leptosporangiate  ferns,  and  in  many  respects  the  two  genera  Otmunda  and 
Todea  are  of  interest  in  regard  to  the  phylogeny  of  the  various  divisions  of  the 
Filicinn». 

The  stem  of  Todea  barbara  is  traversed  by  a  single  stele  composed  of  xylem 
groups  surrounding  a  central  pith  and  separated  from  one  another  by  medullary 
rays  :  these  groups  vary  considerably  in  shape  and  number  at  different  levels.  There 
may  be  as  lew  as  two  or  as  many  as  eight  xylem  strands  in  one  transverse  sectior 
of  t  lie  stem,  while  in  Qtmunda  rer/altx  the  number  is  considerably  greater.  The 
xylem  strands  are  surrounded  by  parenchyma,  and  the  sieve-tube  zone,  occupies 
the  same  position  as  in  Oxmuut/a.  This  zone,  which  is  continuous  in  0.  regalis,  is 
occasionally  discontinuous  in  Todea  opposite  some  of  the  xylem  strands.  The 
comparatively  large  sieve-tubes  occur  in  triangular  patches  at  the  outer  end  ol 
each  medullary  ray.  A  characteristic  band  of  t  undent  ially  elongated  elements 
succeeds  the  sieve-tube  zone,  and  this  is  followed  externally  by  a  parenchyma-tow 
band,  the  outermost  layer  of  which  constitutes  the  endodermis.  The  paper  deal* 
with  the  phyllotaxis  of  Todea  tjarbara.ike  origin  of  the  leaf-traces,  and  thoarrrMua1 
alteration  in  structure  which  the  collateral  leaf-trace  undergoes  as  it  parses  out  froir 
the  stele  of  the  stem  as  a  horse-shoe  shaped  strand  with  one  protoxylem  grouj 
and  gradually  assumes  the  form  of  the  broadly  U-shaped  concentric  stele  of  tin 
petiole  with  its  numerous  protoxylem  groups.  The  anatomy  of  'seedling.'  planti 
of  Todea  is  found  to  agree  with  that  of  Osminida  regal  in  plantlets  as  described  b} 
Leclorc  du  Sablou.  As  bearing  on  1  he  questions  of  relative  ant  iquity  and  phylogen} 
of  the-  members  of  the  Filices,  we  have  endeavoured  to  give  an  account  of  the 
geological  history  of  th<» 


H.  The  (rfoMoptrrift  Flora  of  Australia. 
]}y  TC.  A.  N.  AHRKH,  //./I.,  Trinity  College, 

Tlio  Glosnopterix  llora  is  one  of  the  most-  remarkable  and  widely  distributed  of 
fossil  lloras,  Typical  members,  such  as  the  fern-like  plants  (rlossopteris  and 
Gaitgamoptf.ri&,  with  the  Kquisetalean  genus  Phytfotheca,  occur  in  rocks  of 
Termo-Carboniferous  age  in  India,  Australia,  South  Africa,  and  South  America, 
pointing  to  tho  former  existence  of  a  southern  continent  whose  flora  was  for  the 
most  part  distinct  from  that  of  the  same  age  in  Europe  and  Worth  America. 

In  the  Newcastle  beds  of  New  South  Wales  all  the  tvpical  members  of  the 
flora  occur  without  any  admixture  of  northern  types  (e.g.,  Lepidodendron  nnd 
Siffi  Maria),  as  ha**  been  recorded  from  similar  beds  in  South  Africa  and  South 
America.  Tho  flora  of  the  Newcastle  rocks  is  interesting  botanically  both  on 
account  of  the  wide  distribution  of  the  chief  members,  which  show  points  of 
identity  and  unity  in  typo  with  those  of  the  Lower  Gondwana  of  India  and  thp 
Termian  of  Russia,  and  also  from  the  morphological  characters  presented  by  many 
of  tho  plants  themselves.  Tho  collection,  which  forms  the  subject  of  these 
remarks,  is  in  tho  Geological  Museum,  Cambridge,  and  is  noteworthy  as  being  one 
of  the  earliest  (1839-44)  formed  of  fossil  plants  from  tho  continent  of  Australia, 
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TUESDAY,   SEPTEMBER  17. 
The  following  Papers  were  read  : — 

1.  Heterogtnesis  in  Conifers.     By  Dr.  T.  P.  LOTSY. 

I  am  going  to  give  a  demonstration  of  a  very  interesting  fact  which  is  called 
heterogenesis  by  Karachinsky  in  a  lengthy  paper  which,  originally  published  in 
Russian,  is  now  published  in  German  in  the  last  number  of  '  Flora/ 

Heterogenesis,  mutation,  and  spontaneous  variation  are  all  words  for  the  same 
meaning,  but  tho  interesting  fact  about  them  is  that  they  seem  to  form  at  least 
one  way  in  which  new  species  can  arise.  I  am  first  going  to  show  you  one 
of  the  original  specimens  of  Capsella  Heegeri,  kindly  given  to  me  by  Professor 
Count  Solms-Laubach.  You  will  all  have  read  his  paper  on  this  subject  in  t  he 
*  Botanische  Zeitung,'  and  so  I  have  only  to  remind  you  that  this  species  was 
discovered  in  Lindau  by  Professor  Heeger,  in  the  midst  of  a  large  community  of 
Capsella  bursa  paztoris,  and  there  ran  be  very  little  doubt  that  this  species  lias 
suddenly  arisen  from  Capsella  bi/rsa  pastor^.  I  need  not  remind  you  of  tho  fact 
that  Capsella  Heeyeri  is  true  to  seed :  it  reproduces  Capwlla  Hwgeri,  and  does 
not  revert  to  Capsella  burna  pastoris. 

Much  more  elaborate  work,  though  on  the  question  of  tho  origin  of  species  by 
means  of  spontaneous  variation,  has,  as  you  all  know,  been  done  by  Hugo  do  Vrie.s, 
who  is  just  publishing  his  important  *  Mutationstheorie.' 

I  need  not  remind  you  of  his  results,  especially  with  (I'Mothera  LamarckiaHft, 
which  species  he  cultivated  for  more  than  fifteen  years,  and  of  which  ho  obtained 
a  number  of  new  species,  all  suddenly  arisen.  In  his  book  IK*  calls  attention  to 
the  fact  that  a  species  apparently  can  exist  for  very  long  periods  without  ever 
forming  new  species  by  means  of  sudden  variations,  and  that  then  a  period  may 
come  during  which  that  species  rfoes  form  new  sp'-cie*.  If  this  is  true,  it  goes 
without  saying  that  species  which  are  in  the  period  in  which  thej  form  spontaneous 
variations  'should  be  observed  very  carefully,  and  it  i^  therefore  that  1  want  to 
call  your  attention  to  two  genera  of  Conifer*  which  are  in  a  period  of  spontaneous 
variation,  a  period  in  which  they  do  form  mutants,  to  me  the  terminology  of 
de  Vries,  which  mutants  may  be  true  to  seed.  I  do  not  say  that  they  are,  in  the 
plants  have  not  yet  produced  any. 

The  first  species  is  Cupressus  Lawsomana.  Among  a  large  number  of  seedlings 
at  least  one  plant  arose  which  was  very  different  indeed,  as  \ou  see  here — the 
Cupressm  Lawsoma?ia  7r/.wjfr"--and  among  another  l^t  one  which  was  more 
different  yet,  the  Cupreous  Lftwsoniana  h/copodioidex.  The  first  OIK*  arose  in  the 
horticultural  establishment  of  v.  d.  Wes<el  in  Ksse,  and  tbe  other  in  that  of 
v.  d.  Elst  in  Dedernsraart,  both  in  Holland.  1  do  not  hesitate  to  say  that  these 
plants,  if  their  common  origin  were  not  known,  would  be  described  as  true 
species. 

The  other  plant  I  want  to  show  you  is  Tlnija  accident  alts  Spactld,  which  arose 
in  the  same  sudden  way  in  the  horticultural  establishment  of  Spaeth  in  Rixdorf, 
near  Berlin. 

While  I  do  not  want  to  state  that  tho  plants  here  shown  are  new  species,  I 
yet  dare  say  that  a  careful  observation  of  these  two  genera  at  as  many  different 
portions  of 'the  world  as  possible  may  well  be  advised,  and  this  is  the  sole  object 
of  my  communication. 

I  should  think  that  especially  Qupressw  Lawsoniana  is  worthy  of  a  good  deal 
of  regard  in  this  respect,  more  so  than  Thuja  occidental™  in  fact,  inasmuch  us  I 
feel  confident  that  the  new  forms  of  these  two  species  have  nothing  to  do  with 
'  .Tugendformen,'  while  perhaps  some  retinospora  question  might  step  in  in  the  casn 
of  Thuja  Occident  alis  Spaethi, 
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2.  On  ti  Primitive  Typo  of  Structure  in  Catamites. 
By  D.  H.  SCOTT,  M.A.,  Ph.D.,  F.E.S. 

Pahnontological  research  has  afforded  evidence  that  the  Horsetails  and  Ly co- 
pods — groups  now  so  distinct — had  a  common  origin.  The  class  Sphenophyllales, 
restricted,  so  far  as  we  know,  to  the  Palaeozoic  epoch,  combines  in  an  unmistakable 
manner  the  characters  of  Equisetales  and  I.;.  «•••;•  I'liV-,  while  at  the  same  time 
presenting  peculiar  features  of  its  own.  Broadly  speaking,  it  is  in  the  external 
morphology  and  iu  the  reproductive  structures  that  the  Equisetales  are 
approached,  while  the  anatomy  has  an  evidently  Lycopodiaceous  character. 

The  synthetic  nature  of  the  Spheiinpliyllalc-,  indicated  clearly  enough  in  the 
type-genus  fy//f//o;>//i/////i,i  itself,  comes  out  still  more  obviously  in  the  new  genus 
Cheiro*trob?us.  llere  the  general  morphology  of  the  strohiius,  the  form  and 
•structure  of  the  sporaugiophores  and  of  the  sporangia  themselves  are  all  of 
a  Calamarian  type,  while  the  anatomy  of  the  axis  is  as  clearly  Lycopodiaceous  in 
character. 

So  far  nothing  has  been  found  to  bridge  the  gulf  which,  separates  the  anatomy 
of  the  Oalamarieie  (Palaeozoic  Equisetales)  from  that  of  the  Sphenophyllales  or 
the  Lycopods.  The  most  ancient  known  genus  of  Calamarieae — Arc/ucocalamite* 
-approaches  the  Sphenophyllales  in  the  superposition  of  the  foliar  whorls  and 
in  tlio  dichotomous  subdivision  of  the  leaves,  points  on  which  Professor  Potonio, 
especially,  has  laid  stress.  Anatomically,  however,  according  to  the  researches  of 
Dr.  Renault  and  Count  Solms-Laubach,  it  was  an  ordinary  Calamite,  diiieriug  iu 
no  es&ential  respect  from  thoto  of  the  Coal-measures .  The  s&tumQfArc/u/'ocafamites, 
like  that  of  its  later  allies,  had  a  large  pith,  surrounded  by  a  ring  of  collateral 
vascular  bundle?,  the  wood  of  which,  primary  as  well  us  secondary,  was  wholly 
centrifugal  in  development,  the  first -formed  trackeid<*s  lying  on  the  border  of  tho 
pith,  at  the  points  marked  by  the  carinal  canals.  In  fyrftr/wpfii/Uumi  on  the 
other  hand,  the  whole  of  the  primary  wood  was  cf/ilrijtcM/i/  developed,  and  there 
was  no  pith.  In  Cheirostrvbii*  the  same  holds  good,  except  that  an  iiiHprnificant. 
portion  of  the  primary  wood  may  possibly  have  been  added  in  a  centrifugal 
direction.  In  Lyeopods  there  may  or  mny  not  be  a  pith,  but  the  whole 
(Lycttjiodiuut,  Psifafum,  Lpjridwlendruti)  or  tho  greater  part  (Tmesiptcris)  of  tho 
primary  wood  is  centripetal. 

The  Calamite  which  forms  the  subject  of  the  present  communication  occurs  in 
the  well-known  Burntisland  bods  of  tho  Calcifewus  Sandstone  Series,  at  the  base 
of  tlw  Carboniferous  Formation,  The  material  is  calcified,  and  the  structure 
excellently  preserved,  though  the  specimens  so  far  discovered  are  small  and 
fragmentary.  Their  interest  depends  on  tho  fact  that  each  vascular  bundle 
possesses  a  distinct  arc  of  centripetal  wood  on  the  side  towards  the  pith.  The 
carinal  canals  aie  present,  as  in  an  ordinary  Calamite,  and  contain,  as  usual,  the 
remains  of  the  disorganised  protoxylem.  They  do  not,  however,  as  in  other 
Kq  u  i  set  ales,  form  the  inner  limit  of  the  wood,  but  xylem  of  a  considerable 
thickness,  and  consisting  of  typical  tracheides,  extends  into  the  pith  on  the  inner 
side  of  tho  canal,  which  is  thus  completely  enclosed  by  the  wood.  Hence,  starting 
from  the  spiral  tracheidos  of  the  protoxylem,  there  was  here  a  considerable 
de\elopment  of  xylem  in  a  centripetal  as  well  as  in  a  centrifugal  direction.  That 
the  organ  was  a  stem,  and  not  a  root,  is  proved,  not  only  by  the  presence  of  the 
carinal  canals,  but  by  the  occurrence  of  nodes,  at  which  the  outgoing  leaf-traces 
are  clearly  seen. 

This  appears  to  be  the  iirot  case  of  centripet  nl  wood  observed  in  a  Calamarian 
stem,  and  thus  serves  to  furnish  anew  link  between  the  Palaeozoic  Equisetales  and 
the  Sphenophyllales,  and  through  them,  with  tho  Lycopods-. 

The  specimens  have  not  as  yet  supplied  any  evidence  as  to  the  superposition  or 
alternation  of  the  verticils,  so  we  are  not  at  present  in  a  position  to  determine  tbo 
genus  to  which  they  belonged.  Provisionally,  until  further  investigation  has 
cleared  up  this  question,  the  new  stem  may  bear  the  name  of  Calamites  petty* 
curenait,  from  the  locality  where  it  occurs. 


850  REPOBT — 1901. 

3.  Remarks  upon  the  Nature  of  the  Stete  of '  Hquisetttm. 
By  D.  T.  GWYNNK-VAUGHAN. 

The  vascular  bundles  of  Equisetum  are  usually  compared  with  those  of  a 
monostolic  phanerogam  both  in  structural  detail  and  with  regard  to  their  course 
out  into  the  leaf.  The  following  observations  made  upon  the  stems  of  E.  Tehna- 
tefa,  &c.,  show  that  this  comparison  cannot  be  satisfactorily  maintained. 

It  was  found  that  of  the  three  strands  of  xylem  present  in  each  bundle  of  the 
iuternode,  the  carinal  strand  alone  passes  out  at  the  node  as  it  leaf- trace.  The  two 
lateral  strands  join  on  to  the  xylem  of  the  nodal  ring,  and  in  certain  species  (J2 '. 
hiemale,  and  better  still  in  E.  yiganteum)  they  may  be  traced  as  externally  pro- 
jecting ridges  over  the  nodal  xylem  into  the  internode  above,  lu  passing  through 
the  node  they  diverge  from  one  another  so  that  in  the  internode  they  are  found  on 
the  adjacent  sides  of  two  different  bundles.  At  the  node  above  they  approach 
each  other,  and  in  the  next  internode  they  both  occur  in  the  same  bundle  OHCO 
again.  The  leaf-trace  protoxylem,  having  entered  the  bundle,  runs  downwards  for 
one  internode  between  the  two  lateral  strands;  at  the  node  below  it  divides  into 
two  branches  which  curve  to  the  right  and  the  left  in  order  to  fuse  with  the 
neighbouring-  leaf-traces  that  enter  at  this  node. 

So  the  xylem  of  the  so-called  vascular  bundle  of  Equisetnm  consists  of  three 
strands,  two  of  which  are  lateral  and  caulirie,  while  the  median,  or  carinal,  .strand 
is  common  to  both  stem  and  leaf.  The  fact  that  only  a  small  portion  pass.es  out  as 
a  leaf-trace,  and  not  the  bundle  as  a  whole,  constitutes  an  essential  point  of  differ- 
ence between  it  and  the  bundle  of  a  phanerogam. 

The  tracheides  in  each  strand  arc  very  few,  and  consequently  it  ib  difficult  to 
determine  the  direction  of  their  development.  However,  as  regard*}  the  loaf-trace 
and  the  earinal  strand,  it  appears  clear  that  they  are  not  exarch  but  endarch,  or 
perhaps  slightly  niesarch  on  the  adaxial  side.  The  lateral  strands,  as  a  whole,  are 
differentiated  later  than  the  carinal  strand  (us  might  be  expected  from  the  clote 
relation  of  the  latter  to  the  leaver),  but  they  do  not  seem  to  be  JL  continuation  ol 
its  centrifugal  development.  On  the  contrary,  in  15.  yiyanteum,  wln-iv  an  many  as 
ten  to  fifteen  elements  are  present  in  each  lateral  strand,  the  Miialh'ht  of  them  aru 
invariably  at  the  outer  extremity,  and  they  gradually  increase  in  size  inwards. 
Longitudinal  sections  show  that  the  largest  t  rat-brides  ure  coarsely  reticulate 
with  largo  pits  and  very  broad  bands  of  thickening  between  them  ;  in  the 
smaller  elements  tlie  reticulation  becomes  finer  and  more  regular,  and  in  tho 
smallest  it  closely  resembles  true  spiral  thickening.  To  state  definitely  whether 
the  lateral  strands  are  exarch  or  not  was  not  possible,  because  no  incompletely 
differentiated  portions  of  the  stem  were  available ;  so  the  question  must  remain  at 
present  undecided,  although  the  mature  structure  certainly  gives  a  strong  impres- 
sion of  centripetal  development.  1'otonie  ]  has  established  a  comparison  between  tho 
secondary  vascular  tissues  of  the  Cfdamariu'  mid  the  Nphcuophyllacrfc  by  mentally 
doing  away  with  the  central  mass  of  primary  xylem  that  exists  in  the  latter.  By 
inverting  this  procedure,  and  considering  it  possible  that  the  anccM m\s  of  the 
Equisetums  may  have  possessed  a  xylem  that  extended  to  tho  centre  of  tho  stem, 
one  is  led  to  derive  their  .structure,  as  it  exists  ut  present,  from  the  modification  ol' 
a  stele  with  a  solid  central  mass  of  c.  n!-i:.--!j:l  \\Vrn  such  us  that  of  fiphenop/tyllum, 
or  of  certain  Lepidodendreic.  To  illustrate  the  nature  of  tho  modifications  that 
such  a  stele  would  have  to  undergo,  a  series  of  parallel  developments  may  bo 
pointed  out  within  the  latter  group  (Lepidvdendrun  It/iodtimnenw,  Sctayhundrs, 
JIarcourtii,  Siyillana  spinosa,  and  Menardi),  in  which  parenchyma  appears  in  tho 
xylem,  and  gradually  increases  in  quantity  until  only  an  attenuated  peripheral  ring 
of  xylem  remains,  which  then  becomes  more  or  less  broken  up  into  weparato 
strands. 

It  is  suggested  that  the  lateral  xylem  bt rands  in  the  vascular  bundles  of  the 
existing  Equisetums  may  perhaps  be  taken  to  represent  the  last  remnants  of  a 
primitive  central  mass,  and  that  this  would  be  entirely  in  agreement  with  their 
apparently  centripetal  development,  and  in  particular  with  their  cauline  course. 

iflj'p.  205. 
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1.  Dk  Silur-  and  Cultn-Flora  des  llarzcs.     Von  Professor  H. 


5.  On  two  Malayan  '  Myruiecojjhilous 9  ferns,     tiy  li.  H.  YAPP. 

Polypodium  (Lecanoptfiris)  carnosmn  (Bluuie)  and  Polypodiuni  siuuosum 
(Wall)  are  two  epiphytic  Ferns  which  occur  almost  exclusively  in  the  Malay 
Peninsula  and  Archipelago. 

Their  creeping  rhizomes  are  thick  and  fleshy,  the  ventral  surface  closely 
adhering  to  the  substratum,  the  dorsal  bearing  the  leaves,  which  are  articulated, 
upon  large  conical  loaf-cushions.  Branching  is  lateral,  and  is  so  frequent  in  the 
easo  of  Polypodium  carnosum  that,  think  compact  masses  of  interlacing  stems  are 
formed,  which  completely  eucircle  the  branches  of  the  tree  on  which  it  grows. 

The  lleshy  stems  of  both  Ferns  are  traversed  by  an  extensive  system  of  hollow 
spaces,  which,  like  the  galleries  of  Myrmccodia  and  Hydrophytum,  are  invariably 
inhabited  by  colonies  of  ants.  These  'ant-galleries'  are  arranged  on  a  perfectly 
definite  plan  the  details  of  which  differ  to  home  extent  in  the  two  Ferns.  -4  In  both 
cases,  however,  there  is  a  bingle  main  ventral  gallery,  which  runs  in  a  longitudinal 
direction  through  the  stem,  giving  off  a  lateral  gallery  to  each  branch  and  a  dorsal 
one  to  each  leaf-cushion.  The  gallerica  are  formed  by  the  breaking  down  of  a 
large-celled,  thin-walled  tissue,  which  in  the  youngest  parts  of  the  stem  appears 
to  function  as  a  water-reservoir. 

Though  undoubtedly  clobely  allied  specie.-,  those  Ferns  have  been  placed  by 
many  authorities  in  different  yvnera.  Thi.s  has  been  largely  on  account  of  the 
curious  position  of  the  sori  in  Poly  podium  carnoHini.  In  this  Fern,  and  in  oue  or 
two  of  its  immediate  allies  the  t-ori  are  borne  on  marginal  lobes,  which  are 
completely  rellexed  upon  tin-  upper  Miriacc  oi  the  frond.  This  arrangement  is 
possibly  coJinei-ted  with  spore  distribution. 


(>.  The  ytyttttfaii  of  Mutntt  0/thii:     liy  A.  ({.  TAN 


7.   On  (Ji'rtnitt  J'unttttin  Mm  tftrni'luiY  of  the.  titedx  t»f  yKtliiotchta, 

find  Steplitinosperuium,  JtroityH.     />//  ProtVbc-or  b\  \V.  OLIYEI:. 

The  author  gave  .-otne  account  of  the  anatomy  ol'  the  io.-,-il  fjivmno.-])erui  bec.d, 
named  by  l>ron»niarl  Mpj»/itnwt*iwnnun  rrkcttiuit/e!',  and  of  another  seed,  nearly 
:»llied  to  the  fori'goiiig,  Avhich  he  provisionally  ivc«gniM:d  •As+Ettiutptitftsiibylobfmcii 
l»nni»n.  Attention  -\vas  drawn  to  the  mantle  of  trachea  I  tissue  which  invests  the 
nucellu.N  ML  both  ca-ct«.  The  pf^sible  phy^dloprical  signiticance  of  this  tissue  was 
con  idercd,  anil  some  suggestions  were  oilered  as  to  the  conditions  which  led  to 
the  e\olution  of  (he  rtc^d  in  \\\\>  group.  The  author  exprev-ed  the  opinion  that 
t  here  was  considerable  probability  that  the  M»ed  habit  was  at  it^  origin  a  secrophilous 
adaptation. 

8.  Iftttuwtt  *S'/oy7'  ry  in  Lca\v$, 
J>y  Dr.  F.  F.  BLArioiAXfeuc?  Mies  r 


9.  On  the  JRdatiMi  between  CO^  Production  and  Vitality. 
By  Dr.  F.  F.  BLACKMAN  and  Miss  MATTHAEI. 
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9.   On  the  Strenyth  and  Resistance  to  Pressure  of  Certain  Studs  and  Fruits 
By  G.  F.  SCOTT  ELLIOT,  J/.J.,  fi.Sc.,  F.C.X.,  F.R.U.S. 

Everyone  is  familiar  with  the  extraordinary  hardness  and  toughness  of  main 
common  seeds  and  fruits,  but  the  writer  has  iuiled  to  discover  any  definite  anc 
detailed  account  of  the  amount  of  weight  which  such  seeds  can  endure  without 
breaking.  The  experiments,  of  which  an  abstract  is  given,  were  generally 
conducted  with  a  spring  balance  weighing  up  to  fiO  lb.,  and  carefully  testae 
beforehand.  Those  seeds  and  fruits  which  withstood  a  pressure  of  SO  lb.  were 
tested  with  a  Wicksteed's  single-lever  vertical  testing  machine,  which,  throug] 
the  great  kindness  of  Professor  J.  G.  Longbottom,  M.E.,  M.I.M  E.,  was  placed  ai 
the  author's  disposal.  In  all  cases  the  weight  mentioned  is  that  at  which  tin 
first  sign  of  decided  injury  could  be  perceived.  Many  other  seeds  and  fruits  wer* 
tried,  but  a  very  large  number  were  found  unsuitable,  through  the  difficulty  oJ 
distinguishing  tne  exact  moment  at  which  bursting  occurred. 


Number  j 
examined 

I 


700 
1-8M 


2-1 


Fumaiia  oflicinalis  L.,  nutlet  . 

|  ;  Cardamoms  (Native) '  seeds   .        .  2,'J 

j  Mustard  seeds          .        .         .         .  50 

j  Turnip  seeds 50 

!  Cabbage  seeds 50 

Viola  canina,  //.,  seeds     .         .        .  10 

i  Orange  seeds    .         .         .         .         .  12  i       Ilii-OS 

1  Cottonseed  seeds      ....  50  !       UK)  I 

Pomegranate,  Punica  grunatuni,  /,/., 

,      seeds     ......  50  i       1 1  •,'}!> 

'  Spindletree,    Euonymus    europams, 

X.,  seeds        .      " .         .         .         .  15               4'SS 

,  Hippophae  rhamnoides,  />.,  seeds     .  ---               7-485 

f  Lentils  seeds 7             22-128 

i  Crab's  Eyes,  Abrus  piccatorius,  /<., 

j      seeds 7            :;os57 

I  Vicia  Cracca,  £.,  seeds     .        .        .  5             132 

j  Sweet  Peas  seeds      .        .        .         .  \\\  \      o2  HO 
j  Calabar    Bean,   Physostigma    veni-  ' 

I       nosum,  seed           ....  1  j       40-50 

:  Castor  oil,  Rioinu^  communis,  L.     .  17  j       J7'Sl 

Hempseed,  Cannabis  sativa,  L.        .  50               1-^05 

Hornbeam,    Carpinub  Jjetulus,   L.,  \ 

nuts 5             27-1) 

Pinus  stobus  seeds  .         .        .        .  50               ',\-(Yl 
P.  montana  seeds    .        .        .        .  ,      50              1-C5 

P.  austriaca  seeds    ....  50  j         \  575 

P.  Pinaster  seeds      ....  50  j       JH5(> 

P.  Cembra  seeds       ....  :i            22  S,'> 

Picea  excelsa  seeds .        .        .        .  50              ;j«72 

Yew,  Tasus  baccata,  seeds       .  :>  j      10 

Carex  pendula,  Utricle     .         .        .  ,       25  j        2-18 

Wheat  (Red  B'yfe),  Caryopsis  .        .  50  !      20-42 

Wheat  (White  Fyfe),  Caryopsis       .  5i;            17'1S) 


Weight  in  pounds 
Avcrugu       Maximum  '  Minimum 
1'256  1'75 


15 
(1  i  .» 
225 
.'I'LTi 
2-5 

n; 

27 
105 

«-:, 

105 
25 

4( 
15 
50 


i       5-25 

1     20 

;    4-5 


1 

8 

•i'75 

1 

1 

15 
21. 
11 

10 


JS 
12 

n; 


20  5 
1-5 


12 
10 


Iri  -the  cases  of  the  following  seeds  or  fruits  the  breaking  weight  was  ovei 
50  lb.  It  was  therefore  not  possible  to  test  &o  large  a  number  as  the  authoi 
would  have  desired. 
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}  i  Weight  in  pounds 

Number  I  . 

examined      Average       Maximum  j   Minimum 


mil  nut  (nut)         .         .         .         .  (          1          5708  '         —  — 

nut  (seeds)      .         .         ,         .  4       ,       94  25         118  ;       SO 


ipucaia  nuts,  Lecythis  ollaria,  L.  .  \\  |       82-^3 

-unus  Padus,  Z.,  Cocci  .          .         .  ft  '       80-4 

lumstones  Cocci      .         .         .         .  |         :\              SCKWS 

:*eachstones  Australian  '  Cocci       .  l\            177'<>07 


JOO  ,  58 

112  ,  18 

Ot)  '  <>  I 

200  !•">;> 


:>rnus  mas,  A,  Cocci       .         .         .  5  82'G  111  00 

anihot  Glaziovii  seeds   .         .         .  !         o       i     117'Si}      i  12:>  ;     114 

azelnuts,    Corylus    avellana, 


nuts 


^alnuts  Cocci .... 
ickory  nuts  (Carya  sp.),  Cocci 
:>b's  Tears,  Coix  lachryma,  I'cri  j 

carp       .  4       j       06-25 


-14 


SO 

.SO 

1  r.c> 


The  suri'ace  of  the  fruit  or  seed  in  actual  contact  with  the  glass  at  the  moment 
sn  breaking-  occurs  is  generally  very  small.  In  order  to  iind  the  pressure  per 
ire  inch  this  surface  was  measured,  and  its  area  calculated  in  the  following 
m'er.  An  object-glass  was  painted  with  a  thin  layer  of  black  paint,  and 
?sed  down  upon  the  seed.  That  part  which  was  in  contact  was  of  course 
sred  by  the  paint ;  a  piece  of  white  cardboard  was  then  pressed  down  over  the 
I  under  glass,  and  the  area  of  the  stain  on  the  cardboard  was  calculated  by  the 
3  of  a  glass  slide  ruled  in  lOOtlis  of  an.  inch.  It  was  found  that  the  pressure 
lounds  to  the  square  inch  was  as  follows  : — 

In  the  Cabbage  seed      .         .  about  IGG'2  Ib.  to  square  inch. 
,,       Hemp  seed.         .         .       ,,      433'fi  Ib.  ,, 

,,       Euonymus  europreus          „      244     Ib.  ,, 

i  of  course  a  square  inch  of  surface  is  never  called  into  action  -under  natural 
ditions. 

The  resisting  power  depends  chiefly  upon  the  shape  of  the  seed  and  the 
racter  of  the  sclerenchymatous  tissue.  Generally  speaking,  the  curve  of  the 
nsverse  section  of  a  seed  shows  an  unmistakable  resemblance  to  that  of  an 
inary  stonebridge.  On  the  other  hand,  both  the  longitudinal  vertical  section, 
en  the  seed  is  lying  a  flat  surface  in  a  natural  position)  and  the  longitudinal 
izontal  section  are  generally  lanceolate  to  ovate  in  shape.  These  latter  curves 
probably  of  great,  importance,  but  for  a  different  purpose.  It  was  found,  e.y.. 
icult  if  not  impossible  to  exert  sufficient  pressure  on  the  seeds  of  orange  and 
TUB  precatorius,  even  when  two  surfaces  of  wood  were  employed  to  hold  them, 
i  shape  and  the  slippery  or  smooth  coats  of  the  seeds  resulting  in  the  seed 
inging  out  and  jumping  off.  It  is  possible  to  make  orange  seeds,  /».//,,  jump 
een  feet  along  a  flat  surface  by  a  slight  blow  on  the  end.  This  peculiar  shape 
1  probably  enable  the  seeds  to  escape  from  the  teeth  of  an  animal,  or  perhaps 
ilitate  their  passage  through  the  alimentary  tract.  Some  of  the  curves  of  the 
ds  employed  are  ilustrated  in  the  paper. 

Many  special  peculiarities  of  fruits  and  seeds  are  important  aids  to  their 
isting  power.  In  particular,  the  ridges  on  tha  cremocarps  of  Myrrh ig  and 
rraway,  the  peculiar  three-cornered  nut  of  Beechmast,  the  spongy  pericarp  of 
jpaeolum,  very  greatly  diminish  any  danger  of  injury  by  pressure  from  above, 
they  yield  to  the  pressure  and  do  not  break.  When  seeds  are  lying  on  bare 
•th  they  are  often  simply  pressed  into  the  earth  if  any  pressure  is  exerted  upon 
jm.  Thus,  e.g.,  four  seeds  of  Hemp  were  placed  upon  a  layer  of  earth  only  a 
urter  of  an  inch  deep,  which  was  spread  upon  a  glass  plate.  A  weight  of 
Ib.  placed  gently  on  these  seeds  simply  buried  them  in  the  earth  without 
uring  them  in  any  way. 

1901,  3  K 
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WEDNESDAY,  SEPTEMBER  18. 
The  following  Papers  were  read : — 

1 .  CuticnJar  Structure  of  Euphorbia  Abdelkuri. 
By  Professor  I.  BAYLEY  BALFOUR,  F.JR.ti. 

Euphorbia  Abdelkuri  is  nn  interesting  succulent  plnnt  wliicli  has  been  brought 
home  from  a  small  island  in  the  vicinity  of  Sokotra  by  the  Ogilvie-Forbe^ 
Expedition.  The  outer  surface  of  the  plant  in  the  fresh  condition  appears  to  he 
covered  with  a  crust  which  readily  cracks  olF.  and  on  examination  this  is  found  to 
consist  of  a  number  of  prisms.  At  first  sight  these  may  he  taken  for  some  form  of 
mineral  incrustation,  hut  they  are  not  of  this  nature,  hut  are  formed  by  the  cuticle 
of  the  epidermal  cells.  This  does  not  form  an  uninterrupted  layer  over  the 
epidermis,  but  the  cuticle  of  each  cell  is  separable  from  that  of  the  adjacent  ones, 
and  the  prisms  are  merely  blocks  of  cuticle,  each  one  belonging-  to  a  single  cell. 
This  is  a  construction  different  from  that  which  is  ordinarily  met  with  in  plants 
with  thick  cuticular  layer. 


2.  Some  Observations  upon  the  Vascular  Anatomy  of  the  Gyatlieacw. 

P>y  D.  T.  GWYNNE-VAUGHAN. 

In  a  number  of  Dicksonias  with  creeping  or  prostrate  stems  it  is  shown  that 
the  Vascular  system  is  solenostelic,  the  leaf-traces  departing1  as  a  single  strand 
curved  into  the  form  of  a  horseshoe,  with  its  concavity  facing  towards  the  median 
line  of  the  rhizome — Dicksonia  adiantoidcs,  cicutaria,  (lavallioidex,  apiifolia,  and 
jmnctiloba. 

In  I),  apiifolia  it  is  found  that  along  the  free  margin  of  the  leaf-gap  there  is  a 
considerable  increase  in  the  amount  of  xylem  in  the  solenostele,  causing  it  to 
project  somewhat  towards  the  centre  of  the  stem. 

A  similar  marginal  enlargement  also  occurs  in  D.  adiant aides  ;  and  here  it  is 
continued  past  the  leaf-gap,  forming  a  ridge  on  the  internal  surface  of  the  soleno- 
stele,  running  from  one  leaf-gap  margin  to  another.  In  the  internode  this  pro- 
jecting portion  of  the  xylem  becomes  separated  off  from  the  rest  and  surrounded 
'by  a  phloem  of  its  own ;  however,  it  remains  always  included  within  the  same 
endodermis. 

In  Dicksonia  rubiginosa  the  typical  vascular  ring  is  interrupted  by  gaps  other 
than  those  due  to  the  leaf-traces,  and  it  may  therefore  be  termed  polystelic.  In 
addition  there  are  two  or  three  small  accessory  steles  lying  within  tho  vascular 
ring.  Throughout  the  internode  the  course  of  these  internal  steles  is  quite  free 
from  the  vascular  ring,  but  at  each  node  one  of  them  approaches  the  free  margin 
of  the  leaf-gap,  and  completely  fuses  with  it,  separating  off  again  after  the  leaf- 
gap  has  become  filled  up. 

Pteris  data  var.  Karsteninna  has  a  typically  solenostelic  vascular  ring,  and 
also  possesses  internal  accessory  steles,  which  behave  in  a  manner  quite  similar  to 
those  of  Dicksonia  rubiginosa  ;  but  they  are  relatively  larger,  and  frequently  they 
all  fuse  up  together  so  as  to  form  a  second,  inner,  completely  closed  vascular 
ring. 

It  is  suggested  that  the  several  internal  steles  and  vascular  rings  that  occur  in 
the  Saccolomas  and  in  Matonia  pectinata  are  also  of  the  same  origin  and  nature 
as  those  described  above. 

The  relation  of  the  internal  accessory  steles  in  certain  Oyatheas  to  those  of 
the  above-mentioned  ferns  is  also  discussed. 
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3.  On  the  Anatomy  of  Danroa  and  other  Marattiacece. 
ttij  G  florin  K  BRKBXER. 

Yimous  species  of  the  Marat  tiace.-p  we,re  studied  for  the  comparative  anatomy 
of  tlie  adult  structure,  ami  l)(tu<t'«  *>hnj>/i<'\f<tfi(it  Kudge,  for  the  development  of 
tho  vascular  system. 

1 .  Development  of  tho  vascular  system  of  Dan&a  ^mplicifolia,  Rudge. 

The  primary  vascular  axis  is  a  simple  concentric  stele.  The  xylem  consists  of 
a  central  mass  of  small  scalariform  tracheids,  without  any  conjunctive  parenchyma. 
The  phloem  consists  of  a  layer  of  small  sieve-tubes  separated  from  the  xylem  by  a 
layer  of  parenchyma.  The  pericycle  may  he  absent  or  only  imperfectly  repre- 
spntefl.  There  is  a  definite  endodermis,  \mt  the  constituent  cells  are  not  clearly 
always  the  innermost  ones  of  the  extrastelar  parenchyma. 

When  the  cotyledon-trace  is  about  to  bo  given  oil  tho  xylem  of  this  vascular 
axis,  or  i  protostele,'  is  separated  into  more  or  less  unequal  portions  by  a  layer  of 
parenchyma.  Tho  parenchyma  increases  in  amount,  and  ultimately  the  cotyledon- 
t  race  is 'separated  from  the"  central  stele.  The  cotyledon- trace  is  collateral.  The 
next,  lew  leaf-traces  are  given  off  in  the  same  manner,  and  are  likewise  collateral. 
Tho  stele  resumes  its  simple  '  protostol  ic '  appearance.  Pauline  roots  occur,  but  not 
regularly. 

As  further  leaf-traces  depart  from,  and  root-traces  join,  the  vascular  axis,  the 
primitive  structure  is  gradually  modified,  and  it  may  become  more  or  less 
crescentic,  forming  an  incomplete,  or  even  complete,  gamostelie  ring.  The  spaces 
left  by  the  departure  of  the  leaf-traces  now  constitute  leaf-gaps.  The  vascular 
tissue,  of  this  stage  may  be  described  as  a  *  siphon os tele  with  leaf-gaps/ 

The  time  of  appearance  of  the  firot  mucilage  canal  varies.  The  earliest  occur* 
rence  noted  was  after  the  third  leaf-trace,  had  been  differentiated. 

In  one  seedling  a  curious  ligament  of  phloem  was  observed,  which  pursued  an 
oblique  course,  upwards  and  connected  the  two  horns  of  a  crescentic  vascular  mass. 
This  strand  of  phloem  interrupted  the  course  of  the  central  mucilage  canal. 

At  iirst  the,  leaf-traces  arc  simple  and  collateral;  later  they  are  simple  and 
concentric;  still  later  each  trace  divides  into  a  pair  of  strands  as  it  recedes  from 
the  axis.  At  a  higher  level  the  leaf-trace  consists  of  a  pai'*  of  strands  each  of 
which  takes  its  departure  separately. 

A  remarkable  de\iation  in  the  early  stages  of  development  was  shown  by  one 
seedling.  A  mass  of  parenchyma  early  made  its  appearance  in  the  centre  of  the 
xylem,  simulating  a  pith.  Careful  examination  showed  that  this  was  due  to 
abortion  of  the  cotyledon  and  its  trace,  and  exceptionally  early  preparation  for  the 
departure  of  the  three  succeeding  leaf-traces. 

i?.  Stele  of  the  Marat  tiaccn*. 

The,  structure  of  the  *  stele/  as  seen  in  transverse  section,  is  *i:!.:p!!1:i!il\  unif  TJ^ 
in  essential  histologicnl  details  throughout  the  group.  It  may  be  said  to  be  of  tho 
fern  type,  but  there  is  no  endodermis  (i.e.,  in  the  case  of  well-grown  plants),  and 
tho  pericycle  is  not  characteristically  present. 

Tho  protoxylem  is  usually  endarch — at  any  rate  in  the  frond — but  it  may  be 
monarch. 

The  protophlou'm  is  internal.  This  was  first  demonstrated  in  the  steles  of  the 
stem  by  Miss  Shove.1  It  has  since  been  found  to  he  internal  in  the  steles  of  the 
frond  of  two  species  of  Damea  and  of  Maratiia  atata.  There  can  be  little  doubt 
that  tho  internal  position  of  the  protophloem  is  general  for  the  steles  of  both  stem 
and  frond  in  this  group  of  ferns. 

o.  Apical  growth. 

All  the  fresh  evidence  obtained  while  studying  the  seedlings  of  ])anaa 
simplicifolin  is  in  favour  of  an  initial  group,  consisting  of  a  few  cells,  both  \\\  stem 
and  root, 

1  Annals  Boi.,  vol.  xiv,  1900,  p.  497, 
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4.  TJootfl. 

Nothing-  new  has  been  observed  in  the  roots  of  the  Marat  tiacoro.  In  the 
roots  of  Dancea  MmpUrifolia  there  is  what  might  be  called  a  fibrous  pith,  which 
is  early  differentiated,  even  before  the  main  mass  of  the  xylem  has  begun  to  be 
lignified. 

4.  A  Chapter  of  Plant-evolution  :  Jurassic  Floras. 
By  A.  C.  SKWAKD,  F.R.S. 

From  the  cliffs  on  the  Dorsetshire  coast  to  the  moorlands  and  headlands  of 
East  Yorkshire  England  is  traversed  diagonally  by  a  band  of  Juru&nc  strata,  and 
outlying  patches  of  Jurassic  rocks  occur  in  West  Somerset,  Gloucestershire, 
Worcestershire,  Cumberland,  and  elsewhere.  Sediments  of  the  same  age  occur 
also  in  Sutherlandshire,  in  the  islands  of  Skye  and  Mull,  and  In  other  parts  of  Scot- 
land. After  the  filling  up  of  the  inland  lakes  of  the  Trias^ic  period,  the  Hnd 
gradually  subsided  and  was  invaded  by  a  shallow  sea  in  which  a  thin  band  of 
Khaetic  sediments  was  deposited  in  the  British  area.  The  vegetation  of  this 
period  is  represented  by  the  rich  floras  of  Scania,  Franconia,  and  other  districts, 
but  in  Britain  by  a  few  meagre  and  imperfect  records.  The  rocks  formed  on  the 
floor  of  the  deeper  Liassic  sea  have  afforded  several  Cycadean  fronds  and  fragments 
of  coniferous  trees  drifted  from  neighbouring  land.  From  the  estuarine  beds 
intercalated  in  the  series  of  marine  strata  of  the  Oolitic  period,  an  abundant  Horn, 
has  been  obtained  from  Yorkshire  and  elsewhere.  The  roofing  slates  of  Stones- 
field,  described  by  Plot  in  his  (  Natural  History  of  Oxfordshire  '  in  1077,  have 
yielded  numerous  fragments  of  plants,  which  may  be  the  relics  of  the  vegetation 
of  an  island  in  the  Jurassic  sea.  From  the  Oxford  clay,  Corallian  beds,  and  the 
Kimeridge  clay  a  comparatively  small  number  of  plants  have  been  obtained,  while 
from  the  overlying  Portlandian  and  Purbeck  series  the  well-known  Cyradean 
stems  and  the  abundance  of  silicih'ed  coniferous  wood  demonstrate  the  prominent 
role  played  by  gymnospermous  plants  in  the  vegetation  of  the  land,  which  had 
gradually  encroached  on  the  Jurassic  ocean.  Finally,  a  rich  flora,  preserved  in 
the  freshwater  Wealden  sediments,  affords  a  striking  proof  of  the  slow  change 
in  the  character  of  the  vegetation  since  the  Inferior  Oolite  period. 

The  chief  features  in  the  floras  ranging  from  the  Uhwtic  to  the  Wealden  are 
briefly  described  ;  an  attempt  is  made  to  determine  the  dominant  types  during  this 
long  succession  of  stages  in  the  earth's  history,  and  to  estimate  the  progress  of 
plant-evolution  from  the  close  of  the  Triassic  period  to  the  appearance  of 
Angiosperms  in  rocks  of  Lower  Cretaceous  age. 

5.  On  the  Structure,  and  Origin  of  Jet.     By  A.  C.  SEWAHU,  /'.7?..S', 

The  hard  jet  of  Whitby  appears  to  have  been  used  in  Britain  in  pro-Roman 
days;  it  is  alluded  to  by  Caedmon  and  mentioned  in  1350  in  the^Uecords  of 
St.  Hilda's  Abbey.  It  was  formerly  extensively  mined  in  the  cliffs  of  the  York- 
fdiire  coast,  near  Whitby  and  elsewhere ;  in  Eskdale,  ])anby  Dale,  and  in  several 
of  the  dales  that  intersect  the  East  Yorkshire  moorlands.  The  hard  jet  occurs  in 
the  Ammonites  serpentimis  zone  of  the  Upper  Lias,  frequently  in  the  form  of 
flattened  masses  or  layers,  which  in  rare  cases  have  been  found  to  reach  a  length 
of  6  feet.  Parkinson  in  his  'Organic  iiemains  of  u  Former  World'  (1811)  speaks 
of  jet,  in  some  cases,  as  pure  bitnminised  vegetable  matter,  and  the  majority  of 
•writers  regard  it  as  having  been  found  as  a  product  of  alteration  of  plant  tissues. 
On  the  other  hand  it  has  been  described  as  '  the  result  of  the  segregation  of  the 
bitumen '  in  the  intervals  of  the  jet  shales,  wliichjlias  sometimes  formed  pseudo- 
rnorphs  after  blocks  of  wood.1  The  author  has  recently  examined  several  sections 
of  Yorkshire  jet  in  the  British  Museum,  which  he  believes  demonstrate  tho  origin 
of  this  substance  from  the  alteration  of  coniferous  wood  and,  in  part  at,  least,  of 
wood  of  the  Araucarian  type. 

1  Tate  and  Blake,  The  Yorkshire  Lias,  187G. 
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The  occurrence  of  specimens  of  silicified  wood  having  a  covering  layer  of  jet 
is  spoken  of  by  Young  in  his  'History  of  Whitby '  (1817).  Sections  cut  from 
specimens  which  consist  in  part  of  petrified  wood  and  in  part  of  jet  enable  us  to 
trace  a  gradual  passage  from  well-preserved  Araucarian  wood  to  pure  jet,  which 
affords  little  or  no  evidence  of  its  ligneous  origin.  The  conclusion  arrived  at  is 
that  the  Whitby  jet  owes  its  origin  to  the  alteration  of  coniferous  wood.  ^  The 
fuct.  that  jet  frequently  occurs  in  the  form  of  flattened  blocks  of  wood  in  all 
probability  admits  of  the  natural  explanation  that  the  jot  has  been  derived  from 
the  wood,  the  form  of  which  it  has  assumed,  and  not  that  the  jet  was  formed 
elsewhere  and  permeated  the  tissues  of  the  wood  as  a  fluid  bitumen. 


G.  On  Gorenunenf,  Mauling  in  th<*  Itlu  of  ^fan. 
]ly  ti.  P.  HUCSIIKH,  JP./t.U.S. 

In  August  last  the  author,  by  permission  from  Mr.  I'riuknalcr,  Crown  Lands 
Uocoiver  in  the  Isle  of  Man,  inspected,  with  the  hoad  forester,  1  he  three  plantings 
of  about  1,000  acres  commenced  by  Sir  Henry  Lock  in  the  year  1882,  and  added 
to  OH  n  larger  scale,  by  his  successor,  the  Into  Mr.  Ueorge  Calley,  when  Senior 
Commissioner  in  the  Department  of  Crown  Lands. 

The  author  was  iufoimed  in  an  interview  with  Mr.  Watt,  of  Carlisle,  the 
contractor  who  supplied  tho  trees  and  planters,  that  the  number  of  trees  per 
acre  was  5,000,  consisting  of  oak,  Douglas  birch,  beech,  silver,  {scotch,  and  Russian 
pine,  and  lurch.  He  employed  eighty  <>f  his  nurserymen  from  Carlisle,  erecting 
houses  and  supplying  their  food  on  the  spot,  the  cost  being  *J/.  per  acre,  indc- 
pond«  lit  of  a  fivo-foot  stono  wall,  which  must  have  added  one  third  to  the  cost. 

The  land 'hud  no  surface,  \  alue,  being  overgrown  by  \\hms,  heath,  and  fern  upon 
bhnlo  and  impervious  rock. 

Pruning  and  weeding  from  tho  young  trees  up  to  imw  have  been  imperative, 
hut  OUT  one  half  of  the  planted  area  may  Ix1  dispensed  \\ith,  the  trees  having 
mastered  the  situation.  On  tho  more  exposed  parts  tho  trees  had  suffered  from 
the  winds  and  \verc  dwarfed,  but  )>\  mutual  shelter  these  trees,  ranging  to  an 
rle\  at  ion  of  mountain  l,OUOfeet  high,  have  a  healthy  appearance,  showing  that  they 
1 1 a\e  established  root «*  and  promise  to  become  trees.  On  a  le\el  with  the  lower 
olcxution  planted,  the  Arnucuriu  hnbricata  and  many  subtropical  treos  are 
thriving  in  the  open  at  (iuba  Castle,  having  tree  shelter.  The  writer  made  tho 
observation  that,  though  shelter,  the  prospective  possession  by  tho.  Government  of 
forested  lands  iur  national  emergencies,  and  the  employment  of  labour  for  the 
islanders  were  leading  influences  with  the  Depart  input  of  Crown  Lands,  tho 
inhabitants  and  visitors  to  tho  island  were  much  indobtod  for  the  climatic  and 
pictorial  rffocts,  which  add  to  tho  amenities  of  the  place  as  a  summer  and 
winter  health  resort.  The  thinning  of  these  plantations  should  shortly  com- 
mence, and  should  become  a  profit  to  the  Government,  and  a  great  convenience  to 
the  adjoining  iiiinon  and  industries  of  the  island.  In  the  House  of  Commons  the 
work  of  tho  IVpiirliuciit  of  Crown  Lands  was  censured  by  a  few  cheese-paring 
economists,  but  in  the  Isle  of  Man,  so  far  as  could  Le  judged,  their  work  was 
a  lesson  of  sound  judgment  and  exact  administration  with  tenacity  of  purpose 
resulting  in  tho  assurance  of  success  in  the  near  future  and  an  enduring  monu- 
ment to  the  patriotic,  forethought  of  tho  eminent  Commissioners  by  whom  they 
were  originally  planned. 

7.  On  ^pore-formation  in  Yeasts.    By  T.  BARKER. 


8.  On  a  Diplodia  parasitic  on  Cacao  ami  on  the  Snyar  Cane. 
7**y  A,  " ~ 


9.  Oil  Abnormal  Catkins  of  the  llawL    By  Frufciuor  1\  E.  WKISS,  li.Sc. 
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SECTION  L.—  EDUCATIONAL  SCIENCE. 

PRESIDENT  OF  THE  SECTION — The  Itight  lion.  Sir  JOHN  E. 
GOBST,  K.C.,  M.P.,  F.K.S. 


TUUllXDAY,  MWTEMJlElt  12. 
The  President  delivered  the  following  Address  :  — 

THE  invitation  of  the  British  Association  to  preside  over  the  Section  of 
Education,  established  this  year  for  the  iirst  time,  has  been  gi\en  to  me  a>  a 
representative  of  that  Government  Department  which  control**  the  larger,  but 
perhaps  not  the  most  efficient,  part  of  the  Education  of  the  United  Kingdom.  The 
most  suitable  subject  for  my  opening  Address  would  therefore  seem  to  be  the 
proper  function  of  National  Authority,  whether  central  or  local,  in  the  education 
of  the  people;  what  is  the  limit  of  its  obligations;  what  is  the  part  of  Kducutioii 
in  which  it  can  lead  the  way ;  what  is  the  region  in  which  more  powerful  influ- 
ences are  at  work;«and  in  which  it  must  take  care  not  to  hinder  tlicir  operation  ; 
and  what  are  the  dangers  to  real  education  inseparable  from  a  general  national 
system.  I  shall  avoid  questions  of  the  divisioii  of  functions  botween  Central  and 
Local  Authorities,  beset  with  fco  many  bitter  controversies,  which  are  political  rather 
than  educational. 

In  the  first  place,  so  far  as  the  mass  of  the  youth  of  a  country  is  concerned,  the 
Public  Instructor  can  only  play  a  secondary  part  inthemo>»t  important  part  of  the 
education  of  the  young — the  development  of  character.  The  character  of  a  people 
is  by  far  its  most  important  attribute.  It  has  a  great  deal  more  moment  in  the 
affairs  of  the  world,  and  is  a  much  more  vital  factor  in  the  promotion  of  national 
power  and  influence,  and  in  the  spread  of  Empire,  than  either  physical  or  mental 
endowments.  The  character  of  each  generation  depends  in  the  main  upon  the 
character  of  the  generation  which  precedes  it ;  of  other  causes  in  operation  1  hi) 
effect  is  •  "iij-.v.stiuly  small.  A  generation  may  be  a  little  better  or  a  little  worse 
than  its  ;  r  :.i:  •!»•:>,  l-ut  it  cannot  materially  differ  from  them.  Improvement  mid 
degeneracy  are  alike  slow.  The  chief  causes  which  produce  formation  of  character 
are  met  with  in  the  homes  of  the  people.  They  are  of  great  variety  and  mostly 
too  subtle  to  be  controlled,  lleligious  belief,  ideas,  ineradicable  often  in  maturer 
life,  imbibed  from  the  early  instruction  of  parents,  the  principles  of  morality  current 
amongst  brothers  and  bisters  and  playmates,  popular  superstitions,  national  and 
local  prejudices,  have  a  far  deeper  and  more  permanent  effect  upon  character 
than  the  instruction  given  in  schools  or  colleges.  The  teacher,  it  is  true,  exercises 
his  influence  among  the  rest.  Men  and  women  of  all  sorts,  from  university  pro- 
fessors to  village  dames,  have  stamped  some  part,  of  their  own  character  upon  a 
large  proportion  of  their  disciples.  But  this  is  a  power  that  must  grow  feebler  as 
the  number  of  scholars  is  increased.  In  the  enormous  schools  and  classes  in  which 
the  public  instruction  of  the  greater  part  of  the  children  of  the  people  is  gi  ven 
the  influence  on  character  of  the  individual  teacher  is  reduced  to  a  minimum.  The 
old  Tillage  dame  might  teach  her  half-dozen  children  to  be  kind  and  brave 
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and  to  speak  the  truth,  even  if  she  failed  to  teach  them  to  read  and  write.  The 
head  master  of  a  school  of  2,000,  or  the  teacher  of  a  class  of  eighty,  may  be  an 
incomparably  hetter  intellectual  instructor,  but  it  is  impossible  for  him  to  exercise 
much  individual  influence  over  the  great  mass  of  his  scholars. 

There  are,  however,  certain  children  for  the  formation  of  whose  characters  the 
nation  is  directly  responsible — deserted  children,  destitute  orphans,  and  children 
whose  parents  are  criminals  or  paupers.  It  is  the  duty  and  interest  of  the  nation 
to  provide  for  the  moral  education  of  such  children  and  to  supply  artificially  tho 
influences  of  individual  care  and  love.  Tho  neglect  of  this  obligation  is  as  injurious 
to  the  public  as  to  the  children.  Homes  and  schools  are  cheaper  than  prisons  and 
workhouses.  Such  a  practice  as  that  of  permitting  dissolute  pauper  parents  to 
remove  their  children  from  public  control  to  spend  the  summer  in  vice  and  beggary 
at  races  and  fairs,  to  be  returned  in  tho  autumn,  corrupt  in  body  and  mind,  to 
spread  disease  and  vice  amongst  other  children  of  the  State,  would  not  be  tolerated 
in  a  community  !••'  "'_•  •  '*%  s^'ve  to  its  own  interest. 

A  profound,  '•  _•  :  r.  :.-«••  and  untraceable,  influence  upon  the  moral  educa- 
tion of  a  people  is  exercised  by  all  national  administration  and  legislation.  Every- 
thing which  tends  to  make  the  existing  generation  wiser,  happier,  or  better  lias  an 
indirect  influence  on  the  children.  Better  dwellings,  unadulterated  food,  recreation 
grounds,  temperance,  sanitation,  will  all  affect  the  character  of  the  rising  genera- 
tion, liegulations  for  public  instruction  also  influence  character.  A  military 
spirit  may  be  evoked  by  the  kind  of  physical  instruction  given.  Brutality  maybe 
developed  by  the  sort  of  punishments  enjoined  or  permitted.  But  all  such  causes 
have  a  comparatively  slight  effect  upon  national  character,  which  is  in  the  main 
the  product  for  good  or  evil  of  more  powerful  causes  which  operate,  not  in  the 
school,  but  in  the  home. 

For  the  physical  and  mental  development  of  children  it  is  now  admitted  to  be 
the  interest  and  duty  of  a  nation  in  its  collective  capacity  to  see  that  proper 
schools  are  provided  in  which  a  certain  minimum  of  primary  instruction  should  be 
free  and  compulsory  for  all,  and,  further,  secondary  instruction  should  be  available 
for  those  iittcd  to  profit  by  it.  IJut  there  are  differences  of  opinion  as  to  the  age 
at  which  primary  instruction  should  begin  and  end ;  as  to  the  subjects  it  should 
embrace  ;  as  to  the  qualifications  which  should  entitle  to  further  secondary 
instruction  ;  and  as  to  how  far  this  should  be  free  or  how  far  paid  for  by  the 
scholar  or  his  parents. 

The  age  at  which  school  attendance  should  begin  and  end  is  in  most  countries 
determined  by  economic,  rather  than  educational,  considerations.  Somebody 
must  take  charge  of  infants  in  order  that  mothers  may  be  at  leisure  to  work ; 
the  demand  for  child  labour  empties  schools  for  older  children.  In  the  United 
Kingdom  minding  babies  of  three  years  old  and  upwards  has  become  a  national 
function.  But  the  infant  '  school,'  as  it  is  called,  should  be  conducted  as  a 
nursery,  not  as  a  place  of  learning.  The  chief  employment  of  the  children  should 
be  play.  No  strain  should  be  put  on  either  muscle  or  brain.  They  should  be 
treatied  with  patient,  kindness,  not  beaten  with  canes.  It  is  in  the  school  for 
older  children,  to  which  admission  should  not  be  until  seven  years  of  age, 
that  the  work  of  serious  instruction  should  begin,  and  that  at  first  for  not  more 
than  two  or  three  hours  a  day.  There  is  no  worse  mistake  than  to  attempt  by 
too  early  pressure  to  cure  the  evil  of  too  early  emancipation  from  school.  Beyond 
the  mechanical  accomplishments  of  reading",  writing,  and  ciphering,  essential  to 
any  intellectual  progress  in  after  life,  and  dry  facts  of  history  and  grammar,  by 
which  alone  they  are  too  often  supplemented,  it  is  for  the  interest  of  the  com- 
munity that  other  subjects  should  oe  taught.  Some  effort  should  be  made  to 
develop  such  faculties  of  mind  and  body  as  are  latent  in  the  scholars.  The 
same  system  is  not  applicable  to  all ;  the  school  teaching  should  fit  hi  with  the 
life  and  surroundings  of  the  child.  Variety,  not  uniformity,  should  be  the  rule. 
Unfortunately  the  various  methods  by  which  children's  minds  and  bodies  can  be 
encouraged  to  grow  and  expand  are  still  imperfectly  understood  by  many  of 
those  who  direct  or  impart  public  instruction.  Examinations  are  still  too 
often  regarded  as  the  best  instrument  for  promoting  mental  progress;  and  a  large 
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proportion  of  tlio  children  in  schools,  both  elementary  and  secondary,  are  not  really 
educated  at  all — they  are  only  prepared  for  examinations.  The  delicately  ex- 
panding intellect  is  crammed  with  ill-understood  and  ill-digested  facts,  because  it 
is  the  best  way  of  preparing  the  scholar  to  undergo  an  Examination-test.  Learning 
to  be  used  for  gaining1  marks  is  stored  in  the  mind  by  a  mechanical  effort  of 
memory,  and  is  forgotten  as  soon  as  the  Class-list  is  published.  Intellectual 
faculties  of  much  greater  importance  than  knowledge,  however  extensive — as 
useful  to  the  child  whose  schooling  will  cease  at  fourteen  as  to  the  child  for  whom 
elementary  instruction  is  but  the  iirst  step  in  the  ladder  of  learning — are  almost 
wholly  neglected. 

The  power  of  research — the  art  of  acquiring  information  for  oneself— on  whicli 
the  most  advanced  science  depends,  may  by  a  proper  system  be  cultivated  in  the 
youngest  scholar  of  the  most  elementary  school.  Curiosity  and  the  desire  to  find 
out  the  reason  of  things  is  a  natural,  and  to  the  ignorant  an  inconvenient,  pro- 
pensity of  almost  c\  ery  cbild ;  and  there  lies  before  the  instructor  the  whole  realm 
of  Nature  knowledge  in  which  this  propensity  can  be  cultivated.  If  children  in 
village  schools  spent  less  of  their  early  youth  in  learning  mechanically  to  read, 
write,  and  cipher,  and  morn  in  searching  hedgerows  and  ditch-bottoms  for  Bowers, 
insects,  or  other  natural  objects,  their  intelligence  would  be  developed  by  active 
research,  and  they  would  better  learn  to  read,  write,  and  cipher  in  the  uml.  Tho 
faculty  of  iiuding  out  things  for  oneself  is  one  of  the  most  valuable  with  which  a 
child  can  be  endowed.  There  is  hardly  a  calling  or  business  in  life  in  whicli  it  is 
not  better  to  know  how  to  search  out  information  than  to  possess  it  already 
stored.  Kverything,  moreover,  which  is  discovered  sticks  in  the.  memory  and 
becomes  a  more  secure  possession  for  life  than  facts  lazily  imbibed  from  books  and 
lectures.  The  faculty  of  turning  to  practical  uses  knowledge  possessed  might  be  more 
cultivated  in  Primary  Schools.  It  can  to  ;i  limited  extent,  but  to  a  limited  extent 
only,  be  tested  by  examination.  l<X>ays,  compositions,  problems  in  mathematics 
and  science,  call  forth  the  potver  of  using  acquired  knowledge.  Merc  acquisition 
of  knowledge  does  not  necessarily  confer  the  power  to  make  use  of  it.  In  actual 
life  a  very  scanty,  store  of  lii:-i\\!iMl^->.  coupled  with  the  capacity  to  apply  it 
adroitly,  is  of  more  value  than  boundless  information  which  the  possessor  cannot 
turn  to  practical  use.  Some  measures  should  be  taken  to  cultivate  taste  in 
Primary  Schools.  Children  are  keen  admirers.  They  can  be  early  taught  to 
look  for  and  appreciate  what  is  beautiful  in  drawing  and  painting,  in  poetry  and 
music-,  in  nature,  and  in  lii'e  and  character.  The  effect  of  such  learning  on  manners 
has  been  observed  from  remote  antiquity. 

Physical  exercises  are  a  proper  subject  for  Primary  Schools,  especially  in  the 
artificial  life  led  by  children  in  great  cities  :  both  those  which  develop  chests  and 
limbs,  atrophied  by  impure  air  and  the  want  of  healthy  games,  and  tho&o  which 
discipline  the  hand  and  the  eye— the  latter  to  perceive  and  appreciate  more  of 
what  is  seen,  the  former  to  obey  more  readily  and  exactly  the  impulses  of  the 
will.  Advantage  should  be  taken  of  the  fact  that  the  children  come  daily  under 
the  observation  of  a  quasi-public  officer  -the  school  teacher  -~to  secure  them 
protection,  to  which  they  are  already  entitled  by  law,  against  hunger,  nakedness, 
dirt,  over-work,  and  other  kinds  of  cruelty  and  neglect.  Children's  ailments  and 
diseases  should  by  periodic  inspection  be  detected  :  the  milder  ones,  such  as  sores 
and  chilblains,  treated  on  the  spot,  the  more  serious  removed  to  the  care  of 
parents  or  hospitals.  Diseases  of  the  eye  and  all  maladies  that  would  impair 
the  capacity  of  a  child  to  earn  its  living  should  in  the  interest  of  the  community 
receive  prompt  attention  and  the  most  skilful  treatment  available.  Special 
schools  for  children  who  are  crippled,  blind,  deaf,  feeble-minded,  or  otherwise 
ftlllicted  should  be  provided  at  the  public  cost,  from  motives,  not  of  mere  philan- 
thropy, but  of  enlightened  pelf-interest.  So  iar  as  they  improve  the  capacity  of 
such  children  they  lighten  the  burden  on  the  community. 

I  make  no  apology  for  having  dwelt  thus  long  upon  the  necessity  of  a  sound 
system  of  Primary  Instruction :  that  is  the  only  foundation  upon  which  n 
national  system  of  advanced  education  can  be  built.  Without  it  our  efforts  and 
our  money  will  be  thrown  away.  But  while  primary  instruction  should  bo 
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provided  for,  and  even  enforced  upon,  all,  advanced  instruction  is  for  the  few. 
It  is  the  interest  of  the  commonwealth  at  large  that  every  boy  and  girl  showing 
capacities  above  the  average  should  be  caught  and  given  the  best  opportunities 
for  developing  those  capacities.  It  Ls  not  its  interest  to  scatter  broadcast  a  huge 
system  of  higher  instruction  for  anyone  who  chooses  to  take  advantage  of  it, 
however  unfit  to  receive  it.  Such  a  course  is  a  waste  of  public  resources.  The 
broadcast  education  is  necessarily  of  an  inferior  character,  as  the  expenditure 
which  public  opinion  will  at  present  sanction  is  only  sufficient  to  provide 
education  of  a  really  high  calibre  for  those  whose  ultimate  attainments  will 
repay  the  nation  for  its  outlay  on  their  instruction.  It  is  essential  that  these  few 
should  not  belong  lo  one  class  or  caste,  but  should  bo  selected  from  the  mass  of 
the  people,  and  be  really  the  intellectual  elite  of  the  rising  generation.  It  must, 
however,  be  confessed  that  the  arrangements  for  selecting  these  olio  ice  scholars  to 
whom  it  is  remunerative  for  the  community  to  give  advanced  instruction  are  most 
imperfect.  No  'capacity-catching  machine1  has  been  invented  which  does  not 
perform  its  function  most  imperfectly:  it  lets  go  some  it  ought  to  keep,  and  it 
keep*  some  it  ought  to  let  go,  Competitive  examination,  besides  spoiling  more  or 
less  the  education  of  all  the  competitors,  fails  to  pick  out  those  capable  of  the 
greatest  development.  It  is  the  smartest,  who  are  also  sometimes  the  shallowest, 
who  succeed.  '  Whoever  thinks  in  an  examination/  an  eminent  Cambridge  tutor 
Used  to  say,  *  is  lost/  Nor  is  position  in  class  obtained  by  early  progress  in  learning 
an  infallible  guide.  Tlv  dunce  of  the*  school  sometimes  becomes  the  profound 
thinker  of  later  life.  Some  of  the  most  brilliant  preniuses  in  art  and  science  have 
only  developed  in  manhood.  They  would  never  in  their  boyhood  have  gained  a 
county  scholarship  in  a  competithe  examination. 

In  Primary  Schools,  while  minor  varieties  are  admissible,  those,  for  iitetancc, 
between  town  and  country,  the  public  instruction  provided  is  mainly  of  one  type  ; 
but  tiny  useful  scheme  of  higher  education  must  embrace  a  great,  variety  of 
methods  and  courses  of  instruct  ion.  There  arc  roughly  at  the  outset  two  inuiii 
divisions  of  higher  education --the  one  directed  to  the  pursuit  of  knowledge  for 
its  own  sake,  of  which  the  practical  result  cannot  yet  be  foreseen,  whereby  the 
Scholar'  and  the  votary  of  pure  science  is  evolved;  the  other  directed  lo  the 
acquisition  and  application  of  special  \.\  -'A1.-  1.-  \v  which  the  craftsman,  the 
designer,  and  the  teacher  are  produced.  I:.  :  :v:-r  of  these  is  called  Secondary, 
the  latter  Technical,  Education.  Both  have  numerous  subdivisions  which  trend 
in  special  directions. 

The  varieties  of  secondary  education  in  the  former  of  these  main  divi>ions 
would  have  to  be  determined  generally  by  considerations  of  age.  There  mxist  be 
different  courses  of  study  for  those  whoso  education  is  to  terminate  at  sixteen, 
nt  eighteen,  and  at  twenty-two  or  twenty-throe.  Within  each  of  these  divisions, 
also,  there  would  Le  at  least,  two  types  of  instruction,  mainly  according  as  the 
student  devoted  himself  chiefly  to  literature  and  language,  or  to  mathematics  and 
science.  But  a  general  characteristic  of  all  Secondary  Schools  is  that  their  express 
aim  is  much  more  individual  than  that  of  the  Primary  School:  it  is  to  develop 
the  potential  capacity  of  each  individual  scholar  to  the  highest  point,  rather 
than  to  give,  as  does  the  Elementary  School,  much  the  same  modicum  to  all.  For 
these  reasons  it  is  essential  to  have  small  classes,  a  highly  educated  stall",  find 
methods  of  instruction  very  different  from  those  of  the  Primary  School.  In  the 
formation  of  character  the  old  Secondary  Schools  of  Great  firitain  have  held  their 
own  with  any  in  the  world.  In  the  rapid  development  of  new  Secondary  Schools 
in  our  cities  it  is  most  desirable  that  this  great  tradition  of  British  Public  School 
life  should  bo  introduced  and  maintained.  It  is  not  unscientiiic  to  conclude  that 
the  special  gift  of  colonising  and  administering  dependencies,  eo  characteristic  of 
the  people  of  the  United  Kingdom,  is  the  result  of  that  system  of  •  !"  „  \-  iv.  ;• ::! 
lo  which  every  boy  in  our  higher  Public.  Schools  is  early  initiated.  Bui  while 
we  boast  of  the  excellence  of  our  higher  schools  on  the  character-forming  side  of 
their  work,  we  must  frankly  admit  that  there  is  room  for  improvement  on  their 
intellectual  side.  Classics  and  mathematics  have  engrossed  too  large  a  share  of 
attention ;  science,  as  part  of  a  general  liberal  education,  has  been  but  recently 
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admitted,  and  is  still  imperfectly  estimated.  Too  little  time  in  devoted  to  it  as  a 
school  subject:  its  investigations  and  its  results  are  misunderstood  and  under- 
valued. Tradition  in  most  schools,  nearly  always  literary,  alters  slowly,  and  the 
revolutionary  methods  of  science  find  all  the  prejudices  of  antiquity  arrayed 
against  them.  Even  in  scientific  studies,  lack  of  time  and  the  obligation  to 
prepare  scholars  to  pass  examinations  cause  too  much  attention  to  be  paid  to 
theory,  and  too  little  to  practice,  though  it  is  by  the  latter  that  the  power  of 
original  research  and  of  original  application  of  acquired  knowledge  is  best  brought 
out.  The  acquisition  of  modern  languages  was  in  bygone  generations  almost 
entirely  neglected.  In  many  schools  the  time  given  to  this  subject  is  still  inade- 
quate, the  method  of  teaching  antiquated,  the  results  unsatisfactory.  But  the 
absolute  necessity  of  such  knowledge  in  literature,  in  science,  and  in  commerce  is 
already  producing  a  most  salutary  reform. 

The  variety  of  types  of  secondary  instruction  domunded  by  the  various  needs 
and  prospects  of  scholars  requires  a  corresponding  variety  in  the  provision  of 
schools.  This  cannot  be  settled  by  a  rule-of-three  method,  as  is  done  in  the  case? 
of  primary  instruction.  We  cannot  say  that  such  and  such  an  area  being  of  such 
a  size  and  of  such  a  population  requires  so  many  Secondary  Schools  of  such  a 
capacity.  Account  must  be  taken  in  every  place  of  the  respecthe  demands  for 
respective  types  and  grades  of  secondary  education  ;  and  existing  provision  ixm&t 
be  considered. 

It  must  oot,  however,  be  forgotten  that  a  national  system  of  education  has  its 
drawbacks  as  well  as  its  advantages.  The  most  fatal  danger  is  the  tendency  of 
public  instruction  to  suppress  or  absorb  all  other  agencies,  however  long  esta- 
blished, however  excellent  their  work,  nnd  to  substitute  one  uniform  mechanical 
system,  destructive  alike  to  present  life  and  future  progress.  In  our  country, 
where  there  are  public  schools  of  the  highest  repute  carried  on  for  the  most  part 
under  ancient  endowments,  private  schools  of  individuals  and  associations,  and 
Universities  entirely  independent  of  the  Government,  there  is  reasonable  hope  that 
with  proper  care  this  peril  may  be  escaped.  But  its  existence  should  never  be 
forgotten.  Uni venal  efficiency  in  all  establishments  that  profess  to  educate  any 
section  of  the  people  may  properly  be  required  ;  but  this  variety,  the  individuality, 
and  the  independence  of  schools  of  every  sort,  primary  and  secondary,  higher  and 
lower,  should  be  jealously  guarded.  Such  attributes  once  lost  "can  never  be 
restored. 

There  still  remains  for  our  consideration  the  second  division  of  Higher  Kduca- 
tion,  viz.,  the  applied  or  technological  side.  It  is  in  this  branch  of  Education  that 
Great  Britain  is  most  behind  the  rest  of  the  world  ;  and  the  nation  in  its  efforts  to 
make  up  the  lost  ground  fails  to  recognise  the  fact  that  real  technical  instruction 
(of  whatever  type)  cannot  possibly  bo  assimilated  by  a  student  unless  a  proper 
foundation  has  been  laid  previously  by  a  thorough  grounding  of  elementary  and 
secondary  instruction.  Our  efforts  at  reform  are  abrupt  and  disconnected.  A  panic 
from  time  to  time  sets  in  as  to  our  backwardness  in  some  particular  branch  of 
commerce  or  industry.  There  is  a  sudden  rush  to  supply  the  need.  Classes  and 
schools  spring  up  like  mushrooms,  which  pro&bs  to  give  instruction  in  the  lacking 
branch  of  applied  science  to  scholars  who  have  no  elementary  hno\\  ledge  of  the, 
particular  science,  and  whose  general  capacities  have  never  been  sufficiently 
developed.  Students  are  invited  to  climb  the  higher  rungs  of  the  ladder  of 
learning  who  have  never  tr< id  the  lower.  But  science  cannot  be  taught  to  those 
who  cannot  read,  nor  commerce  to  those  who  cannot  write.  A  few  elementary 
lessons  in  shorthand  and  1;  •  -W  •;•'•!  jr  will  not  fit  the  British  people  to  compete 
with  the  commercial  enterprise  of  Germany.  Such  sudden  and  random  attempts 
to  reform  our  system  of  technical  education  are  time  nnd  money  wasted.  There 
are  grades  and  types  in  technological  instruction,  and  progress  can  only  be  slow. 
It  is  useless  to  accept  in  tho  higher  branches  a  student  who  does  not  come  with 
a  solid  foundation  on  which  to  build.  In  such  institutions  as  the  Polytechnics  at 
Zurich  and  Charlottenburg  we  find  the  students  exclusively  drawn  from  those 
who  have  already  completed  the  highest  brandies  of  general  education ;  in  this 
country  there  is  hardly  a  single  institution  whore  this  could  be  said  of  more  than 


OF  SECTION  L.  863 

a  mere  fraction  of  its  students.  The  middle  grades  of  technological  instruction 
suller  from  a  similar  defect.  Boys  are  entered  at  technical  institutions  whose 
only  previous  instruction  has  been  at  elementary  schools  and  evening  classes ; 
whose  intellectual  faculties  have  not  been  developed  to  the  requisite  point ;  and 
who  have  to  be  ret  aught  the  elements  to  iit  them  for  the  higher  instruction.  In 
fact  there  is  no  scientific  conception  of  what  this  kind  of  instruction  is  to  accom- 
plish, and  of  its  proper  and  necessary  basis  of  general  education. 

Yet  this  is  just  the  division  of  Higher  Education  in  which  Public  Authority 
finds  a  field  for  its  operations  practically  unoccupied.  There  are  no 
ancient  institutions  which  there  is  risk  of  •  •;:'  •'"•.:  The  variety  of  the 
subject  itself  is  such  that  there  is  little  dan:  •"•  :  •  •  •  .-  into  a  uniform  and 
mechanical  system.  What  is  required  is  iirst  a  scientific,  well-thought-out 
plan  and  then  its  prompt  and  effective  execution.  A  proper  provision  of  the 
various  grades  and  types  of  technological  instruction  should  be  organised  in  every 
place.  The  aim  of  each  institution  should  be  clear ;  and  the  intellectual  equip- 
ment essential  for  admission  to  each  should  bo  laid  down  nud  enforced.  The 
principles  of  true  economy,  from  the  national  point  of  view,  must  not  be  lost  sight 
of.  Provision  can  only  be  made  (since  it  must  be  of  the  highest  type  to  be  of  the 
slightest  use)  for  thort)  really  qualified  to  profit  by  it  to  the  point  of  benefiting 
th«  community.  Evening  classes  with  no  standard  for  admission  and  no 
test  of  efficiency  may  bo  valuable  from  a  social  point  of  view  as  providing 
innocent  occupation  and  amusement,  but  they  are  doing  little  to  raise  the  tech- 
nical capacity  of  the  nation.  So  far  from  *de\  eloping  a  popular  demand  for 
higher  instruction  '  they  may  be  preienting  its  proper  growth  by  perpetuating  the 
popular  mi.sconception  of  what  real  technical  instruction  is,  and  of  the  sacrifices  we 
must  make  if  our  people  are  to  compete  on  equal  terms  with  other  nations  in  the 
commerce  of  the  world.  The  progress  made  under  Mich  a  system  would  at  first 
be  slow  ;  the  number  of  students  would  be  lew  until  improvements  in  our  systems 
of  primary  and  secondary  instruction  afforded  more  abundant  material  on  which 
to  \\ork  ;  but-  our  foundation  would  be  on  a  rock,  and  every  addition  we  were  able 
to  wake  would  be  permanent,  and  contribute  to  the  final  completion  of  the 
erliliee. 

It  Ls  the  special  function  of  the  British  Association  to  inculcate  'a  scientific 
view  of  things  '  in  every  department  of  life.  There  is  nothing  in  which  scientific 
conception  is  at  the  present  moment  more  urgently  required  than  in  National 
Education  ;  and  there  is  this  peculiar  difficulty  in  the  problem,  that  any  attempt  to 
construct  a  national  system  inevitably  arouses  burning  controversies,  economical, 
religious,  and  political.  It  is  only  a  society  like  this,  with  an  established  philo- 
sophical character,  that  can  afford  to  reduce  popular  cries  about  education  (which 
ignore  what  education  really  is,  and  perpetuate  the  absurdity  that  it  consists  in 
attending  classes,  passing-  examinations,  and  obtaining  certificates)  to  their  true 
proportions.  If  this  Association  could  succeed  in  establishing  in  the  minds  of  the 
people  a  scientific  conception  of  a  National  Education  System,  Mich  as  has  already 
been  evolved  by  most  of  the  nations  of  Europe,  the  States  of  America,  and  our 
own  Colonies,  it  -\\ould  have  rendered  a  service  of  inestimable  value  to  the 
British  nation. 


The  following  Papers  were  read  :  — 

1.  The  Or</animi.fitni  of  Secondary  Education, 
lly  Sir  HBNKY  13.  ROHCOK,  /<\K.X. 


2.  The  Afachanism  for  Education  in  Scotland,    lly  JOHN  ADAMS. 

In  Scotland  the  School  Board  system  is  universal.  The  whole  country  is 
divided  up  into  School  Board  areas.  It  ia  true  that  there  are  a  number  of  Volun- 
tary pchonls  throughout  the  country,  mainly  connected  with  the  Episcopalian 
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and  Roman  Catholic  Churches,  but  these  make  up  less  than  twelve  per  cent,  of 
the  whole. 

Between  the  years  of  five  and  fourteen  education  is  compulsory,  but  exemption 
may  be  obtained  in  whole  or  in  part  on  passing  certain  examinations. 

In  Scotland  the  line  of  division  between  primary  and  secondary  schools  is  not 
nearly  so  clear  as  in  England.  *  Public  School' means  in  Scotland  any  school, 
whether  primary  or  secondary,  that  is  under  the  management  of  a  School  Board. 
By  the  Education  (Scotland)  Act,  1872,  eleven  schools  were  scheduled  as  Higher 
Class  Public  Schools.  There  are  now  thirty  such  schools,  all  of  them  placed  entirely 
under  the  control  of  School  Boards  '  with  a  view  to  promote  the  higher  education 
of  the  country/  The  fundamental  difference  between  these  and  all  the  other 
public  schools  of  Scotland  is  that  the  Higher  Class  Schools  are  debarred  from 
earning  the  annual  parliamentary  grant.  All  the  other  public  schools  are  usually 
referred  to  as  *  grant-earning/  Voluntary  schools  are  also  .  :-,r.'--  :11'.1..  wince 
they  receive  all  the  grants  of  the  ordinary  public  schools,  with  lue  aduiiiuu  of  uu 
annual  grant  of  three  shillings  per  pupil  in  average  attendance. 

The  Higher  Clasa  Public  Schools  are  supported  by  contributions  from  llto 
municipal  authorities  of  the  district,  according  to  ancient  custom,  by  certain 
endowments  varying  with  each  case,  by  iees,  and  by  the  rates.  If  need  be,  the 
School  Board  may  charge  all  the  expenses  of  a  Higher  Class  School  on  the  rates, 
except  the  salaries  of  teachers.  The  Board  has  great  freedom  in  dealing  with  flits 
Higher  Class  Schools.  It  determines  the  qualifications  to  be  demanded  from  the 
teachers,  and  has  the  power  of  causing  candidates  for  the  post  of  teacher  to  be 
examined.  This  power  is  rarely,  if  ever,  exercised.  The  qualification  demanded  is 
usually  the  possession  of  a  University  degree.  The^o  schools  are  examined 
annually. 

The  grant-earning  schools  are  subject  to  many  more  restrictions  Only  duly 
certificated  teachers  can  be  employed,  and  certain  rigid  rules  about  registration, 
••iccommodatiou,  time-tables,  religious  instruction,  have  to  be  attended  to.  Tho 
annual  grant  depends  upon  the  report  made  by  an  inspector  representing  the 
Scotch  Education  Department.  As  to  the  subjects  studied,  however,  there  is  n«» 
rigid  line  marking* oil  the  grant-earning  schools  from  the  others.  The  tradition  of 
the  Scottish  Parish  School  is  that  each  school  is  iit  to  prepare  a  lad  to  go  direct 
from  school  to  university,  and  in  the  north-east  of  Scotland — thanks  to  the  Dick 
and  Milne  Bequests — the  tradition  is  justified  to  this  day.  Speaking  broadly, 
however,  the  grant-earning  school  contents  itself  with  efficient  elementary  work. 
The  Merit  Certificate  represents  the  attainments  aimed  at  in  the  elementary  public 
schools.  To  gain  this  certificate  the  pupil  must  give  evidence  of  a  thorough 
grounding  in  reading,  writing,  and  arithmetic,  and  must  have  a  good  working 
knowledge  of  elementary  English,  nature  knowledge,  and  the  more  practical 
aspects  of  geography,  with  some  general  acquaintance  with  British  history.  But 
wherever  there  is  the  least  desire  for  higher  education,  arrangements  are  made 
to  carry  the  pupil  beyond  the  Merit  Certificate  stage.  This  may  be  done  in  either 
of  two  ways  :  (1)  An  Advanced  Department  may  be  formed,  in  which  pupils  who 
have  gained  the  Merit  Certificate  may  be  taught,  in  cla&es  of  not  moro  than  forty, 
the  subjects  of  English,  ir'-ojjnipliy,  history,  arithmetic,  and  as  a  rule  drawing; 
and  iu  addition  such  of  the  following  subjects  as  are  found  suitable  under  the  cir- 
cumstances: languages,  mathematics,  science.  (2)  A  Higher  Grade  Department 
may  bo  established,  or  a  whole  school  in  a  district  may  bo  set  apart  as  a  Higher 
(Jrade  School.  In  these  schools  or  departments  there  must  be  a  duly  qualified 
teacher  for  every  thirty  or  fewer  pupils  on  the  roll,  and  there  must  bo  a  well- 
defined  course  of  instruction  approved  by  the  Department,  and  extending  over  not 
less  than  three  years.  The  education  in  such  schools  may  be,  predominantly 
scientific  or  predominantly  commercial,  or  they  may  give  a  course  specially  adapte'd 
for  girls,  or  for  any  special  class  of  pupils.  Considerable  latitude  is  permitted  in 
proposing  courses  of  study,  even  classical  subjects  being  permitted  as  a  subordinate 
part  of  a  course  that  otherwise  satisfies  the  department.  But  stringent  conditions 
are  laid  down  to  prevent  scrappiness. 

As  matters  stand,  Advanced  Departments  and  Higher  Grade  Schools  arc  meant 


TRANSACTIONS  OF  SECTION  L.  865 

to  be  ends  in  themselves.  The  pupil  when  finished  with  them  is  regarded  as 
having  completed  his  education.  The  Higher  Class  Schools  seek  to  prepare  their 
pupils  for  the  University,  though  naturally  a  large  proportion  of  their  pupils  do 
not  carry  on  their  studies  beyond  the  school.  The  Leaving  Certificate  Exami- 
nation holds  the  same  relation  to  the  Higher  Class  School  that  the  Merit  Certificate 
holds  to  the  Elementary  Grant-earning  School.  Jn  the  meantime  the  subjects  of 
the  Leaving  Certificate  Examination  may  be  taken  singly,  but  certificates  aro  now 
being  issued  also  in  groups,  tin-  i*r'-:;:  :•  .r  implying  school  attendance  as  well  as 
mere  passing  of  examinations.  MI'-/  •"  :"  •"  subject  these  Leaving  Certificates  aro 
accepted  by  the  Universities  as  exempting  from  the  corresponding  subjects  in  the 
University  Preliminary  Examination.  Probably  in  a  few  years  the  Leaving 
Certificate  will  practically  take  the  place  of  the  University  Preliminary  Exami- 
nation. 

Besides  the  Higher  Class  Public  Schools  there  are  tho  usual  endowed  schools 
and  company  schools,  which  exceed  in  number  and  rival  in  efliciem-v  tho  School 
Board  schools.  By  tho  Technical  Schools  (Scotland)  A.ct,  18^7,  and  subsequent 
amendments,  School  Boards  have  tho  power  of  founding  and  maintaining  at  the 
expense  ot"  the  ratepayers  technical  schools  in  subjects  needed  in  their  districts. 

There  aro  thirty-nine  Secondary  Education  Committees,  each  remounting  a 
county,  a  burgh,  or  a  parish — mostly  counties — whose  function  is  to  distribute 
certain  moneys  that  are  sot  apart  by  the  Government  each  year  for  the  purpose  of 
assisting  secondary  education.  The  Scotch  Education  Department  is  represented 
on  each  of  these  Committees  by  one  of  His  Majesty's  Inspectors  of  Schools.  Those 
Committees  wield  a  very  important  iulluenco  by  the  methods  in  which  they  allocate 
the  funds.  The  County  Councils,  too,  have  tho  power  of  aiding  secondary  or 
technical  education  out  of  certain  grants  made  to  them  for  various  local  purposes. 
There  is  a  general  desire  for  some  unification  of  all  the  different  authorities  that 
thus  influence,  sometimes  in  opposite  ways,  the  course  of  Secondary  Education  in 
Scotland.  Some  recommend  the  handing  over  of  Education  to  the  County 
Councils,  to  be  dealt  with  along  with  the  other  matters  of  local  government ; 
others  desire  an  extension  of  tho  School  Board  area,  leaving  the  control  of  all 
educational  matters,  whether  primary  or  secondary,  in  the  hands  of  School  Hoards 
representing  counties  or  other  large  areas. 


3.  Organisation  of  Education  in  (Hasrjo)'\     J>y  1)r.  W.  JACKS. 


4.   The  Traininy  of  the  Practical  J 
Hy  ]^>r.  Jonx  C.  KEKR,  If  cad  Master  of  Allan  (Hen's  Mioo?,  d'fasyow. 

Tho  author  quoted  Carlyle  to  the  effect  that  '  the  grand  result  of  schooling 
was  a  mind  with  just  vision  to  discern,  with  free  force  to  do,'  and  considered 
whether  tho  system  of  education  at  present  provided  was  in  the  direction  of 
encouraging  that  independent  thought  and  action  which  marked  the  practical 
man  in  the  best  sense.  The  kmdrrjjarlcM  and  the  primary  school,  in  Dr.  Korr's 
opinion,  were  now  ottering  a  liberal  discipline,  and  the  conditions  under  which 
the  merit  certificate  \vns  obtained  secured  breadth  of  general  and  practical 
training.  That  there  were  in  tho  Glasgow  area  la^t  year  over  20,000  enrolments 
for  special  courses  of  instruction  in  evening  continuation  schools  was  fair  proof  of 
the  efficiency  of  the  primary  school  system.  Considering  those  pupils  who 
passed  into  secondary  schools  and  the  average  duration  of  secondary  school  life, 
Dr.  Kerr  pointed  out  that  the  superiority  of  Germany  was  to  some  extent  due  to 
its  military  system  and  to  the  operation  of  'the  certificate  for  one  year's  military 
service/  for  that  certificate  not  only  reduced  military  service,  but  qualified  for 
businesses,  opened  the  way  to  higher  studies,  and  stamped  the  educated  classes. 
If  our  secondary  school  work  was  to  grow  there  must  be  inducements  to  keep 
promising  pupils  at  school.  The  agencies  which  were  at  present  concerned  with 
the  preliminary  training  of  those  who  were  to  be  engaged  in  industries  and 
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manufactures  were  higher  grade  schools  and  schools  of  science.  The  methods 
followed  "were  explained,  and  Dr.  Kerr  declared  that  most  valuable  results  might 
be  anticipated  from  the  highly  practical  training  ihoy  provided.  He  argued  in 
favour  of  the  institution  of  maintenance  scholarships,  which  would  merely  b<» 
payments  during  the  period  of  preparation  for  capable  citizenship,  and  he  con- 
tended that  the  able  youth  who  had  to  face  such  a  trade  as  engineering  should 
not  be  required  to  work  through  five  years'  apprenticeship  in  the  shops  if  the 
school  training  which  he  had  received  justified  a  reduction.  With  increased 
school  training  the  genuinely  capable  youth  would  make  the  very  most  of  his 
workshop  experiences,  would  more  easily  find  his  way  to  higher  positions,  and  be 
likely  to  do  better  national  service  than  could  be  expected  from  the  It^s  educated 
youth  who  had  been  hurried  into  hard  manual  -work  before  a  basis  of  knowledge 
had  been  laid  or  good  intellectual  habits  acquired. 

Dr.  Kerr  anticipated  no  serious  objections  to  diminished  apprenticeship  from 
llio  trades  unions,  and  the  capitalist  employer  would  not  In'  altogether  influenced 
in  his  attitude  by  the  profitableness  of  apprenticeship  labour.  It  was  the  case 
that  many  apprentices  of  ability  were  discouraged,  and  it  was  true  that  many 
other  promising  youths  of  scientific  and  mechanical  turn  kept  clear  of  apprentice- 
ship. But  Britain  could  not  afford  to  let  capacity  go  to  Avaste,  and  accordingly 
every  effort  should  be  made  to  discover  and  train  "for  industries  youths  of  first  - 
class  brain-power.  France,  in  applying  prudent  and  skilful  methods  of  eliminating 
the  unfit  from  point  to  point  in  the  higher  practical  schools,  had  set  an  example 
which  might  be  followed  with  profit. 


FKIDA  r, 
The  following  papers  were  read : — 

1.  The  Future  Work  of  the  Section. 
By  Professor  H.  E.  ArtMSTRONG,  F.R.ti. 


2.  The  Experimental  Method  of  Teaching. 
By  Professor  L.  C.  MIALL, 


3.  On  the  tfeope  of  the  Science  of  Education. 
]\y  Professor  H.  L.  WITHEUS. 

At  the  outset  of  the  work  of  the  new  Section  of  Educational  Science  it  is  of 
extreme  importance  that  we  should  come  to  some  worki".-  .ijr>--ii-i  !  about  its 
scope.  There  is  pjrave  risk  of  our  being  overwhelmed  by  a  n.:i!;r:i  :•  i  -nteresting 
problems,  some  of  which  cannot  properly  he  attacked  before  we  have  settled  our 
procedure  and  arranged  our  topics  in  some  sort  of  order  of  priority  and  propor- 
tional importance.  Jn  that  case  our  discussions  are  likely  to  be  no  more  convincing 
than  the  debates  of  the  many  scores  of  clubs  and  societies  which  are  already  pour- 
ing out  an  endless  stream  of  papers  and  treatises  on  educational  subjects.  We 
must  begin  with  the  matters  which  are  moat  fundamental  and  central,  and  leave 
for  a  while  those  which  are  subordinate  and  marginal. 

We  start  with  the  claim  that  there  is  such  a  study  as  the  science  of  education. 
A  study  does  not  become  a  science  until  it  is  systematic,  orderly,  and  continuous ; 
until  the  field  of  its  investigations  is  marked  out ;  and  until  the  terms  which  it  uses 
are  defined  with  some  precision.  Until  this  point  is  reached  everything  reiuains  a 
matter  of  opinion  and  prejudice,  and  no  genuine  advance  in  thought  is  pqsaible. 
We  must  admit  that  this  point  has  not  yet  been  reached  in  the  British  study  of 
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education,  and  it  is  the  difficult  and  responsible  duty  of  this  Section  to  attempt  to 
place  our  study  upon  an  objective  and  truly  scientific  basis. 

^  The  necessity  for  a  scientific  study  of  education  has  been  brought  Uonae  to  the 
British  Association  by  the  force  of  events.  Discussions  have  arisen  from  time  to 
time  in  the  various  Sections  as  to  the  true  methods  of  teaching  different  subjects  of 
science.  In  the  Section  of  Chemistry  much  valuable  work  has  been  done,  under 
the  lead  of  Professor  Armstrong,  by  means  of  a  cornr  '!'•  w  y.Y.1  .•  in  co-opera- 
tion with  practical  teachers.  Much  also  has  been  •  •. ;  -by  the  Geo- 
graphical Section  for  the  reform  of  methods  of  instruction  in  geography. 

There  cuii  be  no  doubt  that  this  plan  of  treating  education  in  separate  de- 
partments makes  an  admirable  introduction  to  further  investigation,  but  it  is 
clearly  inadequate  in  scope  and  faulty  in  method  unless  it  be  carried  into  a  much 
wider  field.  To  begin  with,  the  different  Sections  of  the  Association  only  touch 
a  small  part,  of  the  whole  sphere  of  education.  They  leave  out  almost  all  that  is 
implied  in  the  training  of  the  character  and  the  feelings,  the  cultivation  of  the 
power  of  expression  through  language,  and  the  enlargement  ->f  -  •  i  •'".'  that 
comes  through  the  study  of  literature.  Secondly,  such  a  method  •  •  with 

single  subjects  by  themselves  is  unsound  both  in  Jogic  and  in  practice.  The 
practical  schoolmaster  is  attacked  by  specialists  in  an  endless  number  of  subjects, 
each  one  of  whom  demands  that  his  own  speciality  shall  be  taught,  and  taught 
thoroughly.  The  schoolmaster  cannot  possibly  teach  them  all ;  lie  must  make 
some  selection  among  them.  On  what  rational  grounds  is  he  to  do  this  ?  His 
school  time-table  shows  his  practical  answer;  ho  divides  the  twenty-five  hours  a 
week  which  he  has  to  distribute  among  the  different  parts  of  the  curriculum  in 
certain  proportions,  giving,  let  us  say,  five  hours  to  mathematics,  two  to  history, 
five  to  the  study  of  the  mother  tongue  and  its  literature,  and  so  forth.  If  he  has 
any  well-considered  and  intelligible  account  to  give  of  his  time-table,  that  account 
must.be  rendered  in  the  terms  of  Mime  theory  of  the  comparative  importance  of 
the  various  subjects  to  his  pupils.  This  implies  some  conception  of  an  ordered 
system  of  knowledge  as  a  whole,  quite  apart  from  the  individual  claims  of  special- 
ists. This  theory  of  the  curriculum  is  an  important  part  of  the  science  of  educa- 
tion. Again,  if  we  turn  to  the  question  of  methods  of  instruction  we  cannot 
solve  the  problems  which  they  raise  by  referring1  to  the  different  subjects  in  isola- 
tion. For  instance,  are  we  to  teach  geometry  demonstratively  in  the  method  of 
Euclid,  or  concretely  and  through  physical  applications  ?  \Ve  can  get  no  sure 
answer  by  appealing  to  the  mathematical  specialists.  They  will  toll  us  that  it 
depends  what  our  object  is  in  teaching  geometry ;  what  mental  powers  we  wish  to 
train ;  what  later  applications  we  intend  to  make  of  the  geometrical  faculty  when 
acquired.  That  is,  wo  find  ourselves  referred  partly  to  a  consideration  of  the  total 
aim  and  purpose  of  our  education  and  partly  to  its  technical  bearings.  And  these 
are  not  mathematical  considerations  at  all.  .Similarly,  if  we  are  asked  how  we 
are  to  teach  a  language,  let  us  say  French,  we  cannot  give  a  satisfactory  answer  in 
terms  of  French  linguistic  science  alone.  \Vo  must  reply  that  it  depends  upon  our 
jwrjH/wm  teaching  French,  whether,  that  is,  we  desire  to  make  it  a  key  to  knowledge 
of  ono  of  the  foremost  literatures  in  Europe,  or  whether  we  desire  to  give  a  power  to 
conduct  commercial  correspondence  in  French,  or  whether  we  aim  at  both  of  these 
ends  and  many  others  that  might  be  named.  There  is  no  such  thing  as  a  method 
in  the  abstract.  A  method  is  a  means  to  an  end,  and  •xaries  indefinitely  in  relation 
to  that  end. 

It  is  clear,  therefore,  that  the  science  of  teaching  is  not  the  same  thing  as  the 
teaching  of  science.  The  study  which  belongs  to  Section  L  must  be,  in  a  sense, 
independent  of  the  subjects  studied  in  the  other  Sections,  although,  in  another 
sense,  it  is  closely  bound  up  with  thorn.  The  great  work  which  the  Section  can 
do  is  to  introduce  some  kind  of  order  into  the  confusion  which  rages  at  present  in 
educational  controversy.  It  can  achieve  this  only  by  simplifying  and  concen- 
trating its  field  of  work,  by  defining  its  scope,  and  by  aiming  at  an  orderly  and 
systematic  treatment  of  its  main  topics. 

We  may  best  arrive  at  an  idea,  of  the  scope  of  educational  science  by  consider- 
ing the  following  questions :  What  is  it  that  the  educator  should  study  and  practise 
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apart  altogether  from  the  two  or  three  departments  of  knowledge  in  which  he  may 
happen  to  be  a  specialist  ?  What  are.  the  ehipf  topics  in  regard  to  which  he  ought 
to  seek  after  clear  ideas  and  sound  action  ? 

We  must  begin,  must  we  not  ?  with  a  rough  working  definition  of  education 
itself.  Education  is  a  living  process  in  virtmo  of  which  the  partly  developed 
young  of  the  human  species  are  adjusted  by  nourishment  and  exercise  to  the 
environment  in  which,  when  fully  grown,  they  will  have  to  continue  to  Ihe. 
That  environment  is  partly  physical  and  partly  human. 

Healthy  activity  in  relatioji  to  nature  and  man  may  serve  as  a  working  defini- 
tion of  our  end,  and  in  order  to  obtain  this  for  children  we  must  aim  at  clear  ideas 
about  the  following  points : — 

(a)  Physical  health  in  the  home  and  in  school . 

(/>)  A  sound  correspondence,  implying  health  of  brain  and  nenes,  between  the 
mind  of  the  child  and  the  natural  phenomena  which  surround  it,  and  which 
form  the  background  of  human  life. 

(c)  A  cultivation  in  the  child  of  human  sympalhy  with  the  community  of 
which  he  is  to  form  a  part ;  a  power  to  express  that  sympathy  in  clear  language ;  an 
understanding  of  human  nature  and  of  the  art  and  literature  in  which  that  human 
nature  has  most  characteristically  embodied  itself;  some  knowlege  of  human  history 
and  of  the  gradual  process  by  which  mankind  lias  attained  to  the  position  in  which 
we  find  it.  All  this  mnst  be  accompanied  by  constant  habituation  to  healthy 
activity  with  other  human  beings  in  the  social  relations  of  home  and  school. 

These  appear  to  be  the  indispensable  conditions  of  adjustment  of  the  growing 
child  to  his  environment.  To  aid  that  adjustment  it  is  evident  that  the  educator 
must  clear  up  his  ideas  on  many  points.  Of  these  the  most  important  and  most 
central  might  be  specified  as  follows : — 

(i.)  The  hygiene  of  human  growth,  with  special  reference  to  the  healthy  func- 
tions of  growing  brains  and  nerves. 

(ii.)  The  theory  of  the  curriculum,  which  must  include  a  consideration  of  the 
comparative  value  for  growing  children  of  different  subjects  of  study,  and  of  the 
order  and  mutual  relation  in  which  these  subjects  should  bo  presented  to  the 
adolescent  mind. 

(iii.)  The  theory  of  method,  which  must  embrace  a  study  of  the  conditions 
under  which  the  maximum  of  mental  and  moral  activity  can  be  attained  without 
overstrain.  It  will  therefore  comprise  «n  investigation  into  the  s} nipt onis  and 
causes  of  brain  fatigue.  It  will  consider  the  circumstances  under  which  the 
interest  and  self-activity  of  children  are  best  roused  and  maintained.  It,  will 
require  a  series  of  practical  experiments  conducted  by  trained  obseners  under  tho 
ordinary  conditions  of  school  life. 

(iv.)  The  study  of  the  conditions  under  which  desirable  qualities  of  character 
are  produced,  such,  for  instance,  as  courage,  kindness,  initiative,  firmness  of  will, 
and  the  like.  Under  this  head  would  come  the  scientific  study  of  play,  of  imita- 
tion, of  the  influence  of  suggostion,  and  so  forth,  as  well  as  of  the  influence  of  the 
school  community  and  school  institutions. 

In  these  four  topics,  which  may  be  summed  up  as  physical  and  menial 
hygiene,  the  theory  of  the  curriculum,  the  theory  of  method,  and  the  theory  of 
character,  might  be  found  a  rough  working  scheme  of  tho  scope  of  educational 
science.  When  we  have  arrived  at  some  sort  of  agreement  upon  them  we  shall 
have  to  consider  the  forms  of  administration  and  organisation  most  likely  to  foster 
desirable  conditions.  For  ihis  we  shall  need  a  comparative  study  of  educational 
institutions,  including  those  of  foreign  nations  and  those  which  have  existed  in 
the  past.  After  this  we  may  proceed  to  the  corollaries  and  riders  of  our  main 
topics,  such,  for  instance,  as  the  problem  of  how  best  to  prepare  children  for  par- 
ticular trades  and  professions,  such  as  engineering  or  law,  and  in  especial  how  to 
train  those  who  are  goin^  to  be  educators,  for  the  effective  practice  of  the  scientific 
principles  of  their  profession. 
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4.  Some  Considerations  bearing  on  the  Practical  Study  of  Educational 

By  P.  A.  BARNETT,  ALA. 


KATVIiDAY,  SEPFEMBEU  14. 

A  Joint  DixGu-xsion  with  Section  A  on  the  Tearh>.ny  of  ^ 
opened  by  Professor  JOHN  PERRY, 


MONDAY,  XEPTEMUIU!  10. 

1.  Joint  Discussion  with  Section  K  on  the  TeicVniy  of  Botxny. 
See  p.  843. 


"2.  Joint  Discussion  with  Section  F  on  Commercial  Education, 
by  Mr.  L.  L.  PRICE. — See  p.  751. 


3.  Report  on  the  Teaching  of  Science  in  Elementary  Schoo1^. 
See  Reports,  p.  458. 


TUESDAY,  KEPT  EM  It  ER   17. 
The  following  Papers  were  read :  — 

1.  The  Influence,  of  Universities  and  JS.eamininr/  Bodies  tfjton  the  Work 
of  Elnnentary  Schools.  By  the  Right  Reverend  JOHV  PEIICIVAL,  D.D., 
Lord  Bishop  of  Ifcreford.-r-&ce  Reports,  p.  448. 

"2.   Liberal  Education  for  Boys  leaving  School  at  Sixteen  or  Seventeen. 
By  H.  W.  EVE,  Jf.A. 

It  is  generally  admitted  that  a  complete  classical  education  under  the  best 
conditions,  properly  supplemented  by  other  subjects,  is  thoroughly  good  of  its 
kind.  For  those  who  have  not  adequate  time  the  problem  of  devising  a  good 
curriculum  is  diilicult.  It  is  necessary  to  guard,  on  the  one  hand,  against  a 
curriculum  too  exclusively  practical,  and  on  the  other  against  the  waste  of  time 
on  a  half-finished  classical  education,  generally  including  no  Greek.  Too  often 
the  result  is  that  time  and  energy  are  spent  on  gaining  a  very  imperfect  know- 
ledge of  Latin,  which  might  have  been  more  profitably  devoted  to  other  subjects. 
The  Latin  learnt  at  school  is  never  kept  up :  it  contributes  but  little  to  the  forma- 
tion of  intellectual  tastes,  so  necessary  as  an  antidote  to  trivial  and  vulgar  pur- 
suits. What  is  really  wanted  is  a  secondary  education  at  once  practical  and 
liberal,  and  that  in  a* world  much  changed  within  the  lifetime  of  men  not  yet 
old.  Science  must  fill  an  important  place  in  such  an  education:  not  only  must 

1  Published  with  an  account  of  the  Discussion  which  followed  the  reading  of 
1hc  Paper,  Macmillan  &  Co.,  London,  1901. 

1901.  3  L 
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some  familiarity  with  scientific  method  be  acquired,  but  also  a  good  deal  of  that 
scientific  knowledge  which  is  essential  for  intelligent  general  reading.  Add  to 
the  time  required  for  mathematics  and  science  what  is  needed  for  English,  history, 
and  geography,  and  two  modern  larssrua^o53,  and  but  little  time  is  left  for  Latin. 
German,  too  much  neglected  in  English  schools,  is  essential  both  on  practical  and 
on  general  grounds,  and  should  take  the  place  of  Latin.  Nor  would  there  be  any 
appreciable  loss  in  point  of  discipline  and  training.  Modern  languages,  though 
easier  than  the  classical  l.mcruniros  present  quite  enough  difficulties  for  the 
average  boy,  and  he  has  at  the  end  of  his  course  something  to  show  for  his 
efforts.  Much  depends  on  effective  scholarly  teaching  and  on  the  selection  of 
reading- books  requiring  sustained  thought. 
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CREE  (T.  S  ),  A  business  man  on  supply 
and  demand  by,  748. 
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CBOMPTON  (Col.  R.  E.)  on  the  resistance 
of  road  re/tides  to  traction,  402. 
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Address  to  the  Section  of  Engi- 
neering by,  761. 
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sula, 111. 
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and  Rev.  J.  CULLEN  on  idoneal 

numbers,  552. 

and  II.  J.  WOODALL  on  the  deter- 
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—  (Prof.  D.  J.)  o)i  the  coloration  of 
caves  in  Jreland,  282. 
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(J.  H.)  on  excavations  at  Ardoch, 

700. 
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fault,  52. 
(Maj.  L.)  oti  snsmological  inrestfyd- 

tton.  40. 
DAWKINS  (Pi of.  I5oyd)  on  the  excavation 
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ruling  on  the  appearance  of  a,  II.  S. 
Allen  on,  568. 

*DiLLON  (J.)  on  recording  soundings  by 
photography,  773. 

Diorite  associated  with  granite  at  As- 
souan, A.  Somervail  on,  603. 

*Diplodia  parasitic  on  cacao  and  on  the 
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in   Scotland,  the  mechanism  for, 


John  Adams  on, 
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Electricity,  the  discharge  of,  through 
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Electrolysis  of  alkali  salt,  vapour,  the 
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screw  gauge,  407. 

Engineering,  Address  by  Col.  R.  E, 
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FARMER  (Prof.  J.  B.)  on  the  mori)hology, 
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on,  (J87. 
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Moreno,  600. 
FOSTEU  (A.  Le  Neve.)  on  the  It. A.  screw 
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*FOWLEU  (L.  J.  S.),  D.  NOEL  PATOX,  and 

L.  GULL  AND  on  the  question  whether 
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sugar  cane,  A.  Uoward  on,  857. 
*  Partition  of  series,  each  term  of  which 
is  a  quantic,  Major  P.  A.  MacMahon  on 
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of,  A.  W.  Hill  on,  H."..-, 
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KAISIN  (Catherine  A.)  on  Perim  Island 

and  its  relation  to  the  area  of  the  Ked 

Sea,  640. 
RAMSAY  (Prof.  W.)  and  Ci.  SEBTEB   on 

hydrostatic  pressure,  529. 
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malaria,  tWS. 
(Dr.   T.)   on    cxcav.it ions    at   the 

Roman  camp  at   1'u-Jituthill,   Perth- 
shire, 71U. 
Rossu  (Earl  of)  on  a  leaf-arrestor,  or 
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Sarawak  swords,  a  provisional  classifica- 
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of  our  knowledge  of  the  zoology  of  the 

Sandwich,  Islands,  352. 
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1901.  *  AJlan,  James  A.     Westerlou,  Miln»a\ie. 
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1894.  §  Archibald,  A.     The  Bank  House,  Ventnor. 

1884.  *Archibald,    E.    Douglas.      Constitutional    Club,   Northumberland 

Avenue,  W.C. 
1883.  §Armistead,  Richard.     Chambres  House,  Southport. 

1883.  *Armistead,  William.      Hillcrest,   Oaken,    Wolverhampton. 
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1888.  *Ashworth,  J.  Jackson.     Haslen  House,  1 1  and  forth,  Cheshire. 
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1853.  *AVEBURY,   The    Right   Hon.    Lord,   D.C.L.,    F.R.S.    (PKESIDENT, 
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1899.  §Bush,  Antkony.     43  Portland-road,  Nottingham. 

1895.  §Bushe,  Colonel  C.  K.,  F.G.S.     19  Cromwell-road,  S.W. 
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Upper  Tooting,  S.AV. 

1000.  JChiisnoLM,  SAMTKL,  Lord  Provost  of  Gla.^ow 
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Lioyal  Academy  of  Art*.     Sln»ls»ley,  Knner«lale-r;md,  Ke" 
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IbOG.  *  Comber,  Thomas,  F.L.S.     Loighton,  Parkgate.  Chester. 
1888.  tCommans,  U.  1).     M.-i.-r.-^:^-1  VMi:v-.  Bath.  ' 
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Strand,  W.C. 
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1892.  *Craig,  Geor^o  A.     PoHt-ollico,  Mooroopna,  Vir.toria,  Australia. 

1884.  §CttAioiB,  Major  P.  T}.,  F.S.S.  (Pros.  F,  1900).     (>  Lyndhurst-road, 

Hampstead,  N.  W. 

1870.  iCranib,  John.     Larch  Villa,  Ilelen.sbur^h,  N.B. 

1884.  JCrathern,  James.    Sherbrooke-atreet,  Montreal,  (Canada. 

1887.  JOraven,  John.     Smedley  Lod^e,  Clieethamr  Manchester. 

1887.  *Craven,  Thomas,  J.P.     Woodheyes  Park,  Ashton-upon-Mersey. 

1871.  *CRAWFORD   AND    BALCARRES,  Tlie   Ui^lit  Hon.  the    Earl  of/KT., 

LL.D.,  F.R.S.,  F.R.  A.S.  ^  Oavehdiah  Square,  W.,  and  Haigh 
Hall,  Wigan. 

1871.  *Crawibrd,  William  Caldwell,  M.A.  1  Loekharton-gardens,  Colin- 
ton  Road,  Edinburgh. 

1846.  *Crawshaw,  The  Right  lion.  Lord.     Whatton,  Ijoughborough. 

1890.  §Craw,shaw,  Charles  B.     llufford  L    :  •-.  D  -A  J.  ,.-i. 

1883.  *Crawshaw,  Edward,  F.R.G.S.     :••'»  i    '!,.-•    -  inn"',.  N. 

1870.  *Crawshay,  Mrs.  Robert.     Cavers-.. .  :    I1  ••  ,.  I,1-  ,,l:-  .: 

1885.  §CBHAK/Captain    E.   W.,  R.N..    C.B ,    F.R.S.    (.Council  1890     ). 

0  Hervey-road,  Blackheath,  S.E. 
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1901.  $Cree,  T.  S.     30  Mi)»i^'-'n.-rii-  Quadrant,  Glasgow. 

1890.  jCivgeen,  A.  (1.     i'l   I  Vn-fv"—  avenue,  Liverpool. 

1871).  tGm*wick,  Nathaniel.     Chautry  (.Jraiij.ro,  near  Sheffield. 

1870.  *Crewdson,  Uev.  Canon  George.     St.  Mary's  Vicarage,  Windermere. 

1887.  *Crewdson,  Theodore.     Xorclitle  Hall,  Handfoi  Lli,  Manchester. 

181)0.  §Crichton,  Hugh.     <>  Itockfiold-road,  Anfield,  Llxerpool. 

1880.  "Crisp,   Frank,    B.A.,    LL.B.,    F.L.S.,   F.(J.S      o    Lansdowne-road, 

Notting  ITill,  W. 

1800.  *Croft,  W.  R,  ALA.     Wim-h^ter  Collude,  Hampshire. 
1878.   JCroko,    John    O'Byrw,    ALA.      (  'lounoapji,  BalliuKavry-Lacy,  co, 


1857.  JOrolly,  IIov.  G<'or«re.     May  nootli  College,  Ireland. 

K,  J.  W.,  M.A.,  M.I\  (Ln-al  S»'r.  IG^O).     J^aljro  \vnio  Lodge, 


]88o.  JCronibio,  Thcodoro.     IS  All»yn-plac«».  A 

iy01.§S(?iioMpTox,    C'ol.,   U.K.,  M.Iust.O.K.   (l'w.  G,  1001).     Kensington 

Cnuit,   \V. 

1887.  §Oiio()K,  IIi:x!LvT._,  M.In^l.O.E.     0  An>»>vt-'-quan»,  Manchoster. 
'l8i)S.   ^('rooke,  William.      Ltui^rlon  Ilou^r,  (Mnirllon  KiiiLT.s,  ('ii^ltenbani. 
18(35.  §CKOOK»-,    Sir    \VTLLI\M,    F.H.S.,    V.r.C.S.    (VnrsjunsT,    18t)8; 

1'rt^.    15,    JM<>;    Cmnn-il    18*5  '•)!).      7     Kensington     Park- 

l/ardcus,  AN*. 

1870.  jOrookt's,  Lady.     7  KniMM^ton  Pa]ik-L'tiU1d«»nvs,  W. 
1807.  *(JKOoiv8jiAXK,  K.  M.  ,,>!.!>.     Asbdciwn  Fore>t. 
1S70.  J<'rosiii»ld,  (>.  .1.     (;i<nl!ull.  N-t'lon  Park,  J/iverpool. 
ltS<)4.   M'l-iKsfit'M,  Mis^  Miii^iret  ('       I  ndt-ivroi't,  U<^al«». 
1870.  *UKO«FII:IJI,  NVILMAM.     •)  Kulwnod  I  'ark,  Liverpool. 
1800.  tCvohS,  !•:.   Ilicbuvd,  LL.U.       Harwjxid  Jluu^e,  NfW  Parks-crescent, 

Scnrhoroutrb. 
18G1.   J(//vw,  Jtrr.  J«/tn    l\tl'»nrd,    M.A.,  J'.fr^.      U«l<><-<>t<>,    Gi-ctiujc-ocer- 


kill,  NVilliuni.     l*t»v«-rli'y, 

1887.  *('r(Ksslo\,  NViliiuin  J.     <lli»niiVMt 

JMOL  '(Jruswdlur,  NN'illiam  Thouia>,  F.X.S.,  F.L.ln-t.     Koiit  Lodge,  Sidcnp, 

l\.«Mlt. 

1807.  *(Jros\vcllt»r$  Afrs.  \V.  T.      Kmit  Lodps  Sidcnp,  Ivt^nt. 
1M)4.    |  Crvw,  ('.  J-\     Home  Lnr,   ]\'<n«l*tot'k  Jtotul*  <).t;f*'i'</. 
l8S,'i.   •)(  -rowdor,  llol>ur(.     Statiwiv,  (  'arlisle. 

1882.  §<  Vowloy,  Fr(4dorick.     Ashd»»ll,  Alton,  llamp^bhv. 

1800.  *(V)wlev,  IJolpb  Uejii'y,  M.3).      ll<>  Manninjrham  Lano,  Bradford. 
1803.    U'rudda's,    (itun-gu.      lOl-wirk     KiiL!in«»     NVorks,     Nowoaatlo-upon- 

Tyno. 
1885.  tOruicksbank,  Alexander,  LL.D.     1?0  lloso-stivt't,  Aberdeen. 

1888.  JOummack,  William  J.    Jjoiulon  and  Brazilian  Bank,  Kio  de  Janeiro, 

Brn/il. 

1808.  ICnuNDALT,,  Sir  NVi  1,1.1  VM  II.     OOMM-. 
1888.  JOulloy,  Robert.     Bank  of  Ireland,  Dublin. 

1883.  *(JcLVBRWKLL,  EDWARD  I*.,  ALA.     40  Trinity  College,  Dublin. 
1878.  •JOulvonvoll,  Jo-stipb  Popi».     St.  Lawrence  Lodjro,  Sutton,  Dublin. 
1883.  JCulvorwi'll,  T.  J.  II.     Litiioid  IIouw,  Ulil'ton,  Bristol. 

1807.  JGuinberland,  Barlow.     Toronto,  Canada. 

1808.  §Cundall,  J.  Tudor.     1  Dean  Park-crt^cent,  Kdinburjrb. 

18(J1.  *CunliUb,    lldward    Thomas.       Tlu»    l^u-sonago,    Ilandfortli,    Man- 
chester. 

1801.  *0unlifl*e,  I'etov  Gibson.     Dunedin,  Hand  forth,  Afanchester. 

1882.  *OiTNNiNc*iiAMf  Lieut.-(  'olonel  ALLAN,  R.E.,  A.T.C.E.     20   Essex- 
villas,  Kensinjrton,  \V, 
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1901),   Professor  of  Anatomy  in  Trinity  College.     43  Fitx- 
william  Place,  Dublin. 

1891.  t  Cunningham,  J.  II.     2  Ravelston  Place,  Edinburgh. 
1852.  ^Cunningham,  John.     Macedon,  near  Belfast. 

1885.  }  CUNNINGHAM,  J.  T.,  B.A.     Bi  '  -.  '.--A  Laboratory,  Plymouth. 
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1881.  §Cushing,  Thomas,  F.R.A.S.     India   Store   Depot,   Belvedere-road, 

Lambeth,  S.W. 

1889.  JDagger,    John  II.,  F.I.C.     Victoria  Villa,  Lome-street,  Fairfield, 

Liverpool. 

1854.  tDncrliph,  Robert.     Orrell  Cottage,  near  Wigan. 
1883.   (Dahji",  F.  W.,  Consul  of  the  German  Empire.     18  Somerset-place, 

Swansea. 

1898.  §Dalby,  Prof.  W.  E.,  B.Sc  ,  M.Inst.O.E.     6  Coleridge-road,  Crouch 

End,  N. 
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1863.  {Dale,  J.  B.     South  Shields. 
1867.  JDalgleish,  W.     Dundee. 

1870.  {DALLINGER,  Rev.  W.  II.,  D.D.,  LL.D.,  F.R.S.,  F.L.S.     Ingleside, 

Newstead-road,  Lee,  S.E. 

Dalton,  Edward,  LL.D.     Dunkirk  House,  Nailsworth. 
1862.  JDANBY,  T.  W.,  M.A.,  F.G.S.     The  Crouch,  Seaford,  Sussex. 

1901.  §Daniell,  G.  F.,  B'.Sr.     44  Cavendish  Road,  Rroudesbury,  N.W. 
1876.  *Dansken,  John,  F.R.A.S.     2  Hillside  Gardens,  Partickhill,  Glasgow. 

1896.  §Danson,   F.    C.      Liverpool    and    London   Chambers,    Dale-street, 

Liverpool. 

1849.  *Danson,  Joseph,  F.C.S.     Montreal,  Canada. 
1894.  JDarbishire,  B.  V.,  M.A.,  F.R.G.S.     1  Savile-row,  W. 

1897.  flJarbishire,  C.  W.     Elm  I^odge,  Elm-row,  Hampstead,  N.W. 
1897.  §Darbishire,  F.  V.,  B.A.,    Ph.D.     J  Inline  Hall,    Plymouth    Grove, 

and  Owens  College,  Manchester. 
1861.  *DARBISHIRE,     ROBERT     DUKINFIELB,     B.A.     (Local    Sec.    1861). 

Victoria  Park,  Manchester. 
1896.  JDarbishire,  W.  A.      Penybryn,  Carnarvon,  North  Wales. 

1899.  *Darwin,  Erasmus.     The  Orchard,  Huntingdon-road,  Cambridge. 

1882.  JDAKWIN,  FRANCIS,   M.A.,   M.B.,  F.U.S.,  F.L.S.    (Pres.    D,    1891  ; 

Council  1882-84,  1897-1901).     Wychfield,  Huntingdon-road, 
Cambridge. 

1881.  'DARWIN,  GEORGE  HOWARD,  M.A.,  LL.D.,  F.R.S.,  F.R.A.S.  (Pres.  A, 
1886 ;  Council  1886-92),  Plumian  Professor  of  Astronomy 
and  Experimental  Philosophy  in  the  University  of  Cambridge. 
Newnham  Grange,  Cambridge. 


LIST  OF  MEMBERS.  29 

Year  of 
Election. 

1878.  *DAKWJLN,  HORACE.     The  Orchard,  Huntingdon-road,  Cambridge. 

1894.  *DAKWIN,  Major  LEONARD,  Hon.  Sec.  R.G.S.  (Pres.  E,  1890  ;  Council 
1890-  ).  12  Egerton-place,  South  Kensington,  S.W. 

1882.  JDarwin,  W.  E.,  M.A.,  F.G.S.     Bassett,  Southampton. 

1888.  JDaubeny,  William  M.     11  St.  Jarnes's-square,  Bath. 

1880.  *DAVEY,  HENRY,  M.Inst.C.E.,  F.G.S.  3  Prince's-street,  West- 
minster, S.W. 

1898.  §Davey,  William  John.     6  Water-street,  Liverpool. 

1884.  JDavid,  A.  J.,  B.A.,  LL.B.     4  Harcourt-buildings,  Temple,  E.G. 
1870.  .[Davidson,  Alexander,  M.I).     2  Gambler-terrace,  Liverpool. 

1885.  JDavidson,  Charles  B.     Koundhay,  Fouthill-road,  Aberdeen. 
1891.  tDavies,  Andrew,  M.D.     Cel'n  Pare,  Newport,  Mnnmonthshiie. 
1870.   {Davies,  Edward,  F.C.&.     llo^al  Institution,  Liverpool. 
1887.  *Davies,  II.  Rees.     Treborth,  Bangor,  North  Wales. 

1896.  *Davies,  Thomas  Wilberfbrce,  F.Cr.S.     41  Park-place,  Cardiff. 
1893.  *Davies,  Rev.   T.  Witton,  P>.A.,   Ph.D.     Bryn  Haul,  and  Baptist 

College,  Banger. 

1898.  }.Davies,  Wui.  Howell,  J.P.     Down  House,  Stoke  Bishop,  Bristol. 
1873.  *Davis,  Alfred.     37  Ladbroke  Grove,  W. 
1870.  *DavLs,  A.  S.     St.  George's  School,  Roundhay,  near  Leeds. 
1864.  {DAVIS,  CiiAiiLKs  E.,  F.S.A.  (Local  Sec.  1864).     55  Pulteney-street, 

Bath. 

1882.  JDavis,  Henry  ( 1.     Berry  Pomuroy,  Springtield-road,  Brighton. 
1896.  *  Davis,  John   Henry    Grant.     Valindra,  Wood  Green,  Wedncsbury, 

Statlbrdshire. 

1885.  *I)avi,s,  Rev.  Rudolf.     Hopcfifld,  Eve.sliam. 

1886.  } Davis,  W.  II.     Tlazeidcan,  IVivhoiv-road,  liirmingliMiii. 

1886.  "I  DAY i PON,  OUARLKS,  D.Sc.     16  Manor-road,  Birmiiifrham. 
1864.  *Daviaon,  llichard.     Be  verity-road,  Great  Driffield,  Yorkshire. 
1857.  1T>AVY,  E.  W.,  M.D.     Kimmage  Lodge,  Roundtown,  Dublin. 
1869.   il)uw,  John,     ^loinit  Had  lord,  Kxetiir. 

1869.  JDaw,  R.  R.  31.     Jiediord-circus,  Exeter. 

1860.  *I)awo^,  John  T.     The  Lilacs,  Pn^tutyn,  North  Wales. 

1864.  tDAWKiNs,  W.  BOYD.  D.8c.,  F.R.S.,  F.tS.A.,  F.G.tS.  (Prt>.  (',  1888  ; 
Council  J8S^ -SS),  Professor  of  Geology  and  l^laeontolofry  in 
the  Victoria  University,  Owens  College,  Manchester.  Wood- 
hurst,  Fallowtield,  Manchester. 

18^0.   JDawson,  Bernard.     The  Laurels,  Malvrvn  Link. 

1891.  JDawaon,  Edward.     !2  Windsor-place,  Cardiff. 

1885.  *Dawson,  Lieut  .-Colonel  II.  P.,  R.A.    llartlington,  Burnsall,  Skipton. 

1901.  §Dawson,  P.      1 1  Campsido  Credent,  Lan^ide,  (flaspow. 

1884.  JDA>\SON,  SAMUKL  (Local  8ec.  Ib84).  208  University  Street,  Montreal, 

Canada. 
1859.  *Dawson,  Captain  William  G.     The  Links,  Plumstoad  Common,  Kent. 

1892.  JDay,  T.  C.,  F.C.S.     «0  Ilillhitle-croscent,  Ixlinhnr^li. 

1870.  *DEACOX,    G.    F.,    M.Iust.C.K.    (Pros.   G,    1M7).      19    Warwick- 

square,  S.W. 

1900.  §Deacon,  M.     Whittington  House,  near  Cho.stertield. 

1887.  j.I)eakinf  II.  T.     Egremont  House,  Belniont,  near  Boltoii. 

1861.  J  Dean,  Henry.     Colno,  Lancashire. 

1901.  *Deasy,  Capt\  H.  II.  P.     Cavalry  ("lub,  Piccadilly,  W. 
1884.  *Debenham,  Frank,  F.S.S.     1  FitzjohuVavenue,  IST.W. 

1866.  JDEBUS,  HETNRICH,  Ph.D.,  F.R.8.,  F.C.S.  (Pres.  B,  18G9 ;  Council 

1870-76).     4  Schlaugenwegr,  Cassel,  Hessen. 
1884.  {Deck,  Arthur,  F.C.S.     9  Kinp's-parade,  Cambridge. 

1893.  Jl^eeley,  R.  M.     38  Charnwood-street,  Derby. 

1878.  JDelany,  llev,  WUliam.    St.  Stanislaus  College,  Tullamore. 
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1896.  §Dempster,  John.     Tynron,  Noctorum,  Birkenhead. 
1889.  JDendy,  Frederick  Walter.     3  Mardale-parade,  Gateehead. 

1897.  §Denison,  F.  Napier.     Meteorological  Office,  Victoria,  B.C.,  Canada. 
1896.  JDenison,  Miss  Louisa  E.     16  Chesham-flace,  S.W. 

1889.  §DENNY,  ALFRED,  F,L.S.,  Professor  of  Biology  in  University  College, 

Sheffield. 
Dent,  William  Yerbiiry.     5  Caithness-road,  Brook  Green,  W. 

1874.  JDE  RANGE,  CHARLES  E.,  F.G.S.    33  Carshalton  Road,  Blackpool. 

1896.  JDERBY,  The  Right  Hon.  the  Earl  of,  G.C.B.  Knowsley,  Prescot, 
Lancashire. 

1874.  *Derham,  Walter,  M.A.,  LL.M.,  F.G.S.     76  Lancaster-gate,  W. 

1894.  *Deverell,  F.  H.     7  Grote's-place,  Blackheath,  S.E. 

1899.  ^DEVONSHIRE,  The  Duke  of,  K.G.,  D.C.L.,  F.R.S.   78  Piccadilly,  W. 

1899.  jDewar,  A.  Redcote.     Redcote,  Leven,  Fife. 

1868.  *DEWAR,  JAMES,  M.A.,  LL.D.,  F.R.S.,  F.R.S.E.,  V.P.C.S.,  Fullerian 
Professor  of  Chemistry  in  the  Royal  Institution,  London,  and 
Jacksonian  Professor  of  Natural  and  Experimental  Philosophy 
in  the  University  of  ramLridsro  (PRESIDENT  ELECT;  Pres.  B, 
1879  ;  Council  1883-88).  1  Scroope-terrace,  Cambridge. 

1881.  JDewar,  Mrs.     1  Scroope-terrace,  Cambridge. 

1883.  JDewar,  James,  M.D.,  F.R.C.S.E.     Drylaw  House,  Davidson's  Mains, 

Midlothian,  N.B. 

1884.  *Dewar,  William,  M.A.     Horton  House,  Rugby. 

1872*  JDewick,  Rev.  E.  S.,  M.A.,  F.G.S.     26  Oxford-square,  W. 
1887.  JDE  WINTOX,  Ma^or-General  Sir  FM  G.C.M.G.,  C.B.,  D.C.L.,  LL.D., 
F.R.G.S.    (Pres.  K,  1899).     United  Service  Club,  Pali  Mall, 
•  S.W. 
1884.  JDe  Wolf,  O.  0.,  M.D.     Chicago,  U.S.A. 

1873.  *DEW-SMITH,  A.  G.,  M.A.     Chesterton  JIall,  Cambridge. 
3896.  JD'IIemry,  P.     l.WPrince's-road,  Liverpool. 

1897.  JDick,  1).  B.     Toronto,  Canada. 

1901.  §Dick,  George  IT.     31  Hamilton  Drive,  Ilillhead,  Glasgow. 
1901.    §Dick,  Thomas.     Lockhead  House,  Polloksliields,  Glasgow. 
1889.  J  Dickinson,  A.  II.     The  Wood,  May  bury,  Surrey. 
1863.  (Dickinson,  G.  T.     Lily-avenue,  Jesmond,  Newcastle-upon-Tyne. 
1887.   t^icllinsoil»  Joseph,  F.G.S.     South  Bank,  Ptmdleton. 

1884.  JDickson,  Charles  K.,  M.D.     Wolfo  Island,  Ontario,  Canada. 
1881.  t^ickson,  Edmund,  31. A,,  F.G.S.     2  Starkie-street,  Preston. 

1887.  §DICKSON,  H.  N.,  B.Sc.,  F.R.S.E.,  F.R.G  S.  2  St.  Margaret  Wo  ad, 
Oxford. 

1885.  JDickson,  Patrick.     Luurenceldrk,  Aberdeen. 
1883.  ^Dickson,  T.  A.      West  Cliff,  Preston. 

1862.  *DiLKE,  The   Right   Hon.  Sir  CIIAKLES  WENTWOKTH,  Bart.,  M.P., 

F.R.G.S.     70  Sloane-street,  S.W. 

1877.  JDillon,  James,  M.Inst.C.E.     36  Dawson-street,  Dublin. 
1901.  §  Dines,  W.  II.     Crinan,  N  B. 
1869.  JDingle,  Edward.     19  King-street,  Tavistock. 
1900.  §DiVEB8,  Dr.  EDWARD,  F.R.S.     9  Rugby  Mansions,  Kensington,  W. 

1898.  *Dix,  John  William  S.     Hampton  Lodge,  Durdham  Park,  CliftoD, 

Bristol. 

1899  *DixoN,  A.  C.,  D.Sc.,  Professor  of  Mathematics  in  Queen's  College, 
Gahvay. 

1874.  *DixoN,  A.  E.,  M.D.,  Professor  of  Chemistry  in  Queen's  College,  Cork. 

Mentone  Villa,  Sunday's  Well,  Cork. 
1900.  §Dixon,  A.  Francis,  D.Sc.,    Professor  of  Anatomy  in   University 

College,  Cardiff. 
1883.  tlMxon,  Miss  E,     2  Cliff- ten  ace,  Kendal. 
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1888.  §T)ixon,  Edward  T.     llackotts,  Ilythe,  Hampshire. 

1900.  'Dixou,  George,  MA.    St.  Boos,  Cumberland. 

1879.  *Dixox,  HAROLD  1*.,  MA.,  F.R.S.,  F.C.S.  (Pros.  B,  1804),  Profesaor 

of  Chemistry  in  the  Owens  Golle^,  Manchester. 
1885.   (Dixon,  John  Henry.     Inveran,  Poolowe,  Poss-shire,  N.I*. 
1800.  §l)ixon-Nuttfill,  F.  II.     ln#leholiuf,  Kcclestone  Park,  Prescot. 
18S7.   (  Dixon,  Thomas.     Pmttershaw,  near  Brad  ford,  Yorkshire. 
18H5.  ^Doak,  Utiv.  A.     IftQueon's-road,  Aberdeen. 

1800.  JDobbie,  James  .T.,  D.Sc.    Professor  of  Chemistry,  I  j  Diversity  Col- 

lege, Bangor,  No^t-h  Walew. 

1885.  §Dobbin,  Leonard,  Ph.J).     The  Unhersity,  IMinbmyl  . 
I860.  *l)obbs,    Arcliibald    Kdward,    M.A.      llan-lcv    AlaucK,    Lougfield, 

Kent. 
Ib97.  iDoberck,  William.     Tlie  ObMTvalor\,  Tlong1  Koug. 

1802.  JDobie,  AV.  Fraser.     47  Urangti-roiui/Kilmbiirgh. 

1801.  [  Dobson,  (  K     Alkali  and  Ammonia  \Vork^,  Cardiff. 

1803.  JDobscm,  W.  K.,  J.P.     Leuton-roud,  The  Park,  Notlingliam. 
187*5.  *Doc\vriif  (leor^1.     10  Cl«fire«ce  Street,  Gloucester. 

1  870.  *  Dodd,  J  olin  .     Nunthor])e-avenue,  York. 

187t>.  jDodds,  J.  M.     St.  Pclt-rs  College,  C.'uinbriflps. 

1807.    I  l)od*n\  Kicliard  E.     Teachers1  College,  C«»lnTnbia  University,  New 

York,  \:.S.A. 

1880.  t  Dodson,  (u-^rge,  RA.    Downinfr  CollogL,  Cambridffi  . 
1K)?<.  i  Dole,  .1  ame.^..     Kedl  and  House,  Bristol  . 
180:5.   (  Donald,  Charles  \V.     Kinsjiiirtli,  Hraid-rnad,  Edinburgh  . 
hSS").   I  Donaldson,   Jann^,   .M.  V.,    I.L.D..   F.II.^.K.,   Senior    Principal   of 

tiir  rni\»TMtv  nf  St.  Andrews,  X.I  >. 
I860.   tDoni-th^rpc,  (i.  T."    St.  Uinid's  Hill.  j;\eter. 
1S77.  *Do>TKi\.  HiiYXN,  M.lnst.rj;.     The  .Mount,  \Vniy  Park,  fteigate. 
18SJ).    IDonKiu,  U.  S.,  M.P.     (1ann»\ill<»,  Ndith  Sliield>." 
18i)(>.    |  Donniin,  F.  M.     Anlenmort-terrace,  Holy  wood,  Irelmul. 
1001.  SDonnaii,  F.  (>  .     1'nivwty  (\)ll«-^'%  (Jover  Stre»t.  \V.C. 
1801.  tl>»»"»oliy.  .Araj.'r-i  Senegal  Sir  J.  F.  D.7  K.K.,  K.C.H.     5i)  ()n>low* 

<rar<l»Mi>>,  S.NV. 
1KS1.    |  I)nrnu:rio?j,  John  Mdwa.d.     L\j)iail  I'ai'k.  Slroud. 

tDouirnil.  Aiuuew  Maitlanil,ll.N.     Scotscrai.'i,  Tay]«»rl,  Fileshire. 


1S(>7.   tDouirnl.  Aiuuew  Maitlanil,ll.N.     Scotscrai.'i,  Tay]«»rl, 

1^(>'*.  M)ou«;h1y,  Char!*  *•  Monl:t'j:ii.      Illawura  Uou>t>t  Tunbrid^re  Wells. 

1881.  JDon^rhvss,  William    VlexandiT.     Freehold  Loan  and  Saving's  Com- 

pany, Church-street,  Toronto,  (-uiiada. 
1800.   tl)o\a.-tcm,  John.     We,«t  Fi'lton,  Oswestry. 
J.S8:?.    f  Dove,  Arthur.     Crown  Cottage,  York. 
1S.S4.   1  DOVO,  Miss  Frances.     St.  Leonard's,  St.  Andrews,  X.I?. 
1870.  JDowie,  Mrs.  Muir.     O  oil  and,  by  Kinross,  N,H. 
1884.  "Dowlinjr,  I).  .1.     Bromley,  Kent. 

18(55.  *l)owson,  K.  Theodore,  FlU.M.S.     Geldeston,  near  Beccles,  Suffolk. 
IS81.  *l)ow,sou,  .1.  Kmernoii,  M.InM.C.K.     01  Cheynt-ualk,  S.\V. 

1887.  JDo.xev,  1».  A.     Slade  J  louse,  I  jevenshulme,  .Manchester. 
1804.  |Doyne,  11.  W.,  F  U.O.S.     *J8  Beaumont-street,  Oxford. 

1888.  [Draper,  William.     Do  Gr*\v  I  Iou>e,  St.  Leonard's,  York. 

1802.  *l>virlnnn.    David,    J.P.     18«s    NetherMlaie    Drive,    Pollokahieldri, 

Crltl^OW. 

J868.  JDRESSER,  IltLVitY  K.,  F.Z.S.     1  10  Cannon-street,  E.G. 
1800.  JDrow,  John.     \'2  Ifarrinj^ay-park.  Cr'Vidi  End,  Middlesex,  N. 
1802.  JDreyer,  John  L.  K.,  M'.A.,  Ph.D.,  K.K.A.S.      The  Observatory, 

Armagh. 

1893.  §DRUOB,  G.  CLAIUDUE,  M.A.,  F.L.JS.  (Local  Sec.  1894).    118  Higb- 
street,  Oxford. 


32  LIST  OF  MEMBERS. 

Year  of 
Election. 

1689.  JDrutnmond,  Dr.     6  Saville-place,  Newcastle-upon-Tyne. 

1897.  JDrynan,  Miss.     Northwold,  Queen's  Park,  Toronto,  Canada. 

1901.  §Drysdale,  John  W.  W.     Bon- Accord  Engine  Works,  London- road, 

Glasgow. 

1892.  JDu  Bois,  Dr.  H.     Mittelstrasse,  39,  Berlin. 
1856.  *DuciE,  The  Right.  Hon.  HENRY  JOHN  REYNOLDS  MORETOW,  Earl 

of,   F.R.S.,  F.G.S.     16  Portman-square,  W. ;  and  Tortworth 

Court,  Falfield,  Gloucestershire. 

1870.  {Duckworth,  Henry,  F.L.S.,  F.G.S.    Christchurch  Vicarage,  Chester. 
1900.  *Duckworth,  W.  L.  H.     Jesus  College,  Cambridge. 
1895.  *Duddell,  William.     47  Hans-place,  S.W. 
1867.  *DtrFF,  The  Right   Hon.  Sir  MOTTNTSTUART  ELPHINSTONE  GRANT-, 

G.C.S.I.,  F.R.S.,  F.R.G.S.  (Pres.  F,  1867, 1881 ;  Council  1868, 

1892-93)      11  Chelsea-embankment,  S.W. 


1877.  j 


1875.  JDuffin,  W.  E.  LTEstrange.     Waterford. 


1890.  I 
1884.  : 
1883.  : 


Duffey,  George  F.,  M.D.     30  Fitzwilliam-place,  Dublin. 


Dufton,  S.  F.     Trinity  College,  Cambridge. 
Dugdale,  James  II.     9  Hyde  Park-gardens,  W. 
Duke,  Frederic.     Conservative  Club,  Hastings. 


1892.  JDulier,  Colonel  E.,  C.B.     "27  Sloane-gardens,  S.W. 
1866.  *  Duncan,  James.     9  Mincing-lane,  E.G. 

1891.  *Duncan,  John,  J.P.     < South  Wales  Daily  News7  Office,  Cardiff. 
1896.  JDuncanson,  Thomas.     16  Deane-road,  Liverpool. 

1881.  JDuncoinbe,  The  Hon.  Cecil,  F.G.S.     Nawton  Grange,  York. 

1893.  *Dunell,  George   Robert.      33  Spencer-road,  Grove  Park,  Chiswick, 

Middlesex. 

1892.  JDunham,  Miss  Helen  Bliss.    Messrs.  Morton,  Rose,  &  Co.,  Bartholo- 

mew  House,  E.C. 
1896.  *DtTNKERLEY,  S.,  M.Sc.,  Professor  of  Applied  Mechanics  in  the  Royal 

Naval  Colleg^,  Greenwich,  S.E. 
1865.  JDunn,  David.     Annet  House,  Skelmorlie,  by  Greonock,  N.B. 

1882.  jDunn,    J.    T.,    M.Sc.f    F.C.S.      Northern    Polytechnic    Institute, 

Holloway-road,  N. 

1883.  JDunn,  Mrs.  J.  T.    Northern  Polytechnic  Institute,  Holloway-road,  N. 

1876.  JDunuachie,  James.     2  West  Regent-street,  Glasgow. 

1884.  §Dunnington,  Prof.  F.  P.      University  of  Virginia,  Charlottesville, 

Virginia,  U.S.A. 
1859.  JDuns,  Rev.  John,  D.D.,  F.R.S.E.     New  College,  Edinburgh. 

1893.  *Dtinstan,  M.  J.  R.     Sutton  Bonington,  Loughborough. 
1891.  JDunstan,  Mrs.     Sutton  Bonington,  Loughhoroujli. 

1885.  *DUNSTAN,  WYNDHAM  R,,  M.A.,  F.R.S^,  iSec.C.S.,  Director  of  the 

Scientific  Department  of  the  Imperial  Institute.  S.W. 
1869.  tD'tTrban,  W.  S.  M.,  F.L.S.     Newport  House,  near  Exeter. 
1898.  JDurrant,  R.  G.     Marlborough  College,  Wilts. 
1895.  *Dwerry house,  Arthur  R.     5  Oak tield- terrace,  Iluadingluy,  Leeds. 
1887.  \Dyasovii  John  San  ford.     Cuthbert  Street,  W. 

1884.  JDyck,  Professor  Walter.     The  University,  Munich. 

1885.  *Dyer,    Henry,     M.A.,    D.Sc.      8    Highburgh-terracc,     Dowanhill, 

Glasgow. 

1869.  *Dymond,  Edward  E.     Oaklands,  Aspley  Guise,  Bletchley. 
1895.  §Dymond,  Thomas  S.,  F.C.S.     County  Technical  Laboratory,  Chelms- 
ford,  Essex. 

1868.  JEade,  Sir  Peter,  M.D.     Upper  St.  Gileses-street,  Norwich. 
1895.  JEarle,  Hardman  A.    29  Queen  Anne'fc-gate,  Westminster,  S.W. 

1877.  fEarle,  Ven.  Archdeacon,  M.A,    West  Alviogton,  Devon. 
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1874.  JEason,  Charles.     30  Kenilworth-square,  Rathgar,  Dublin. 

1899.  §East,  W.  II.     Municipal  School  of  Art,  Science,  and  Technology, 

Dover. 
1871.  *EASTON,  EDWAED  (Pres.  G,  1878  ;  Council  1879-81).     11  Delahay- 

street,  Westminster,  S.W. 

1863.  {Easton,  James.    Nest  House,  near  Gateshead,  Durham. 
1876.  JEaston,  John.    Durie  House,  Abercromby-street,  Helensburgh,  N.B. 

1883.  JEastwood,  Miss.     Littleover  Grange,  Derby. 

1893.  *  Ebbs,  Alfred  B.     Northumberland-alley,  Fenchurch-street,  E.G. 

1884.  JEckersley,  W.  T.     Standish  Hall,  Wigan,  Lancashire. 

1861.  JEcroyd,  William  Farrer.     Spring  Cottage,  near  Burnley. 

1870.  *Eddison,  John  Edwin,  M.D.,  M.R.C.S.     The  Lodge,  Adel,  Leeds, 
1899.  {Eddowes,  Alfred,  M.D.     28  Wimpole-street,  VV. 

*Eddy,  James  Ray,  F.G.S.     The  Grange,  Carleton,  Skipton. 
1887.  {Ede,  Francis  J.,  F.G.S.     Silchar,  Cachar,  India. 
1884.  *Edgell,    Rev.    R.    Arnold,    M.A.,   F.C.S,       The    College    House, 
Leamington. 

1887.  §EDGEWOBTH,  F.  Y.,  M.A,,  D.C.L.,  F.S.S.  (Pres.  F,  1889:  Council 

1879-86,    1891^98),   Professor   of  Political   Economy  in  the 
University  of  Oxford.     All  Souls  College,  Oxford. 
1870.  *Edmonds,  F.  B.     6  Clement's  Inn,  W.C. 

1883.  §Edmonds,  William,    Wiscombe  Park,  Colyton,  Devon, 

1888.  *Edrnunds,  Henry.     Antron,  71  Upper  Tulse-hill,  S.W. 

1884.  *Edmunds,    James,     M.D.     4    Chichesler    Terrace,    Kemp    Town, 

Brighton. 

1883.  {Edmunds,  Lewis,  D.Sc.,LL.B.,  F.G.S.  1  Garden-court,  Temple,  E.G. 
1899.  §  Edwards,  E.  J.     2  Dafforno  Road,  Upper  Tooting,  S,W. 

1884.  JEdwarde,  W.  F.     Niles,  Michigan,  U.S.A. 

1887.  *Egerton  of  Tatton,  The  Right  Hon.  Lord.    Tatton  Park,  Knutsford. 
1901.  §Eggar,  VV.  D.     Eton  College. 

1896.  JKkkert,  Misg  Dorothea.     95  Upper  Parliament-street,  Liverpool. 
1876.  j Elder,  Mrs.     6  Claremont-terrace,  Gla-sgow. 

1890.  §Elford,  Percy,     St.  John's  College,  Oxford. 

1886.  *ELGAR,  FRANCIS,  LL.D.,  F.R.S.,  F.R.S.E.,  M.Inst.C.E.  113  Cannon- 
street,  E.G. 

1901.  *Elles,  Miss  Gertrude  L.     Newnham  College,  Cambridge. 

1883.  {Ellington,  Edward  Bayzand,  M.Inst.C.E.  Palace-chambers,  Bridge- 
street,  Westminster,  S.W. 

1891.  ;[ Elliott,  A.  C.,D,Sc.,  Protessor  of  Engineering  in  University  College/ 

Cardiff.     '2  Plasturton-avenue,  Cardiff. 

1883.  'ELLIOTT,    EDWIN    BAILEY,    M.A.,    F.R.S.,    F.R.A.S.,    Waynflete 

Professor  of  Pure  Mathematics  in  the  University  of  Oxford. 
4  Bard  well-road,  Oxford. 
Elliott,  John  Fogg.     Elvet  Hill,  Durham. 

1886.  JELLIOT,    THOMAS    HENRY,    C.B,,   F.S.S.     Board   of  Agriculture, 

4  Whitehall-place,  S.W. 

1875.  *Ellis,  II.  D.     12  Gloucester-terrace,  Hyde  Park,  W. 

1880.  *ELLIS,  JOHN  HENRY  (Local  Sec.  1883).     Woodhaye,  Ivy  Bridge, 

Devon 
1891.  §Ellis,  Miss  M.  A.     11  Canterbury-road,  Oxford. 

1884.  fEllis,  Professor  W.  Hodgson,  M.A.,  M.B.    74  St.   Alban's-street, 

Toronto,  Canada. 
Ellman,  Rev.  E.  B.     Berwick  Rectory,  near  Lewes,  Sussex. 

1887.  JElmy,  Ben.     Congleton,  Cheshire. 

1862.  JElphinstone,  Sir  H.  W.,  Bart.,  M.A.,  F.L.S.     2  Stone-buildings, 

Lincoln's  Inn,  W.C. 

1899.  *Elvery,  Miss  Amelia.     The  Cedars,  Maison  Dieu-road,  Dover. 
1901.  c 


84  LIST  OF  MEMBERS. 

Year  of 
Election. 

1897.  §Elvery,  Mrs.  Elizabeth.    The  Cedars,  Maison  Dieu-road,  Dover. 

1883.  tElwes,  Captain  George  Robert.    Bossington,  Bournemouth. 
1887.  §ELWOBTHY,  FREDERICK  T.     Foxdown,  Wellington,  Somerset. 
1870.  *ELY,  The  Right  Ilev.  Lord  ALWYNE  COUPION,  D.D.,  Lord  BishoD 

of.     The  Palace,  Ely,  (Cambridgeshire.  P 

1897.  {Ely,   Robert  E.     S3  West  44th  Street,  New  York,  U  S  V 
1891.  JEinerton,  Wolselcy,  D.C.L.     Bnnwell  Castle,  Somerset. 

1884.  {Emery,  Albert  II.     Stamford,  Connecticut,  U.S.A. 

1 863.  J  Emery,  The  Veil.  Archdeacon,  B.I).     Ely,  Cambridgeshire. 

1894.  tEmtage,  \y.  T.  A.     Director  of  Public  Instruction,  Mauritius. 

1866.  JEnfield,  Richard.    Low  Pavement,  Nottingham. 

1884.   T   >'  -^.Luther  M.    Knowlton,  Quebec,  Canada. 

1853.   .  I  •       •.'•:.  Wilkins.    Yorkshire  Banking  Company.  Lowgnte,  Hull 

1883.    ,1-    •*     .James  P.     Beaehneld,  ^  Westolyile^Wl,  Southport.        ' 

1869.  *Enys,  John  Davis.     Enys,  IVnryn,  Cornwall. 

1894.  §Erskine-Murray,  James.     LTni  verity  College,  V  •  '.    '.. 

1862.  "Essox,  WILLIAM,  M.A.,  F.R.S.,   F.U.A.S'.,  S  •    •  -.      I1  lessor   of 

Geometry  in  the  University  of  Oxford.    13  Bradmore-road,Oxlbrd 
1887.  *Estcourt,  Charles.     Ilayeslnigh,  ^lontague-road,  Old  Traiibnl  Man-' 

Chester. 

1887.  *Estcuurt,  P.  A.,  F.C.R.,  F.T.f1.     Seymour  House,  Seymour  Street 

Manchester.  "                       ' 

1869.  JETHERiDttE,     H.,     F.U.S.,   F.U.S.E.,    F.(4.S.  (1'res     (*     188'M 

UCarlyle-square,  S.VV.  '           ";' 

1888.  tEtheridge,  Mrs.     14  Curly le-sfjuare,  S.W. 


1901. 


Street 


k,  John.      (^ar(»  of  3Iessrs.  Dainty  &   (^o.,  o^  Lombard 
,  E,C. 


"\Vhalley  Kange,  Manchester. 
1870.  *EVANS,   AiiTiiuR  JOHN,   M.A.,  F.U.S.,  F.S.A.     (Pro.  II,  1SOO). 

Youlbury,  Abingdon. 

1866.  *EvANb,  Rev.  CHARLI:S,  M.A.     Park>tone,  Dorset. 
1896.  §Evaus,  Edward,  jun.     Spital  Old  Hall,  llrombnrough,  (J 
1891.  }Evans,  Franklen.     Llwynarthnn,  (Jastleton,  Cardiff. 
1889.  ]  Evans,  Henry  Jones,    <  Jreenhill,  Whitchurch, 


Kernel  Hempstead. 

1897.  *Evans,  Lady.     Nash  Mill^,  Ilemel  Hempstead. 

1898.  t Evans,  Jonathan  L.     4  Lit h'eld-place,  Clifton,  Bristol. 
1881.  tEvans,  Lewis.     Llanfyrnfuih,  K.S.O.,  Pembrokeshire. 
1885.  *Evans,  Percy  Bagiuill."    The  Spring,  Kenilworth. 

1865.  JEvANS,  SEIJASTIAX,  M.A.,  LL.D.     16  \Vaterloo-crescent,  Do>er 

1899.  jEvims,  Mrs.     16  Waterloo-crescent,  Dover. 
1875.  iflvans,  ftparfo.     3  Apslet/-ro(ed,  Clifton,  Bristol. 

* 


1866.  *Evans,  William.     The  Spring,  Kenilworth. 

1891.  JEvan-Thomas,  C.f  J.P.    The  Gnoll,  Neath,  Glamorganshire 

1886.  JEve,  A.  S.     M.-v  .  •  -,  ]>  College,  Wilts.  * 

1871.  t^ve,  II.  Weston,  ALA.     .J7  Gordon  Square.  W  C 

1868.  *EVBRBTT,  J.  I).,  M.A.,  D.C.L.,  F.R.S.,  F.R.S.E.     11  Leopold  II 

Xi^AlSvkn.         "\\?  ' 


Ealinir. 


load, 
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1895.  {Everett,  w.  II.,  B.A.     University  College,  Nottingham. 
1883.  *Everitt,  George  Allen,  F.R.G.S.     Knowle  Hall,  Warwickshire. 
1886.  JEveritt,  William  E.     Finstall  Park,  Bronisgrove. 
1883.  {Eves,  Miss  Florence.     Uxbridpe. 

1881.  fEwART,  J.  COSSAR,  M.D.,  F.R.S.     (Pres.  I),   1901),  Professor  of 

Natural  History  in  the  University  of  Edinburgh. 
1874.  JEwART,   Sir  W.  QFARTUS,  Bart.   (Local   Sec.  1874  ;  VICE-PRESI- 

DENT 1902).     Gleiimachan,  Belfast. 
1876.  *EwiNQ,  JAMES   ALFRED,  M.A.,   B.Sc.,  F.R.S.,   F.R.S.E.,   M.Inst. 

C.E.,  Professor  of  Mechanism  and  Applied  Mechanics  in  the 

University  of  Cambridge.     Langdale  Lodg-e,  Cambridge. 

1883.  JEwing,  James  L.     52  North  Bridge,  Edinburgh. 

1884.  *Eyerman,  John,  F.Z.S.     Oakhurst,  Easton,  Pennsylvania,  U.S.A. 

1882.  JF.yre,  G.  E.  Briscoe.     Warrens,  near  Lyndhurst,  Hants. 

Eyton,  Charles.     Hendred  House,  Abiugdon. 


1890.  JFABER,  EDMUND  BECKETT.     Straylea,  Ilarrogate. 
18i)6.  t  Fairbrother,  Thomas.     46  Letbbridge-road,  Southport. 
1001.  §Kairgrieve,  M.  McCallum.     New  College,  KastbourDe. 
18G5.  *FAIBLEY,  THOMAS,  F.R.S.E.,  F.C.8.     8  Newton-grove.  Leeds. 
1806.   tFalk,  Herman  John,  M.A.     Thorshill,  West  Kirby,  Liverpool. 
1883.  \FalloH,  Her.  W.  ti.     J)  St.  JameH#-*yufir<>,  Cheltenham. 

1898.  §  Faraday,  MIPS  Ethel  1'.,  M.A.     Ramsay  Lodge,  Levenshulme,  near 

Manchester. 
1877.  §FARAIJAY,    F.    J.,   F.L.S.,   F.S.S.     (Local   Sec.    1887).      College- 

chambers,  17  Brazennose-  street,  Manchester. 

1891.  tFart/g,  G.     Pcmirth. 

1892.  *!'AKMER,  J.  Jlur/rLANi),  M.A.,  F.H.S.,  F.L.S.,  Professor  of  Botany, 

Royal  College  of  Science,  Exhibition-road,  S/W. 

1886.  JFarncombe,  Joseph,  J.I*.     Salt  wood,  Spencor-rcnd,  Eastbourne. 
1897.  *Farnworth,  j^rnest.     Broadlands,  Goldthorn  Hill,  Wolverhampton. 
1897.  *Farnworth,   Mrs.   Ernest.       Broadlancls,    Goldthorn  Hill,  Wolver- 

hampton. 

1883.  {Farnworth,  Walter.     86  Preston  New-road,  Blackburn. 
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1000.  JLUPTON,  WILLIAM  (\     Bradford. 
1864.  *Lutley,  John.    Brockhampton  Park,  Worcester. 

1898.  §Luxnioore,  Dr.  C.  M.     Heading  C  "••_••.  K- :.-  i  nj-. 

1871.  jLyell,  Sir  Leonard,  Bart.,  F.G.S.      I-  Jim-  .--pjio-,  S.W. 
1800.  JLyle,  Professor  Thomas  11.     The  University,  Melbourne. 

1884.  jLyman,  A.  Clarence.     84  Victoria-street,  Montreal,  Canada. 

1884.  J Lyinan,  II.  H.     74  McTavish-street,  Montreal,  Canada. 
1874.  JLynam,  James.     Ballinasloe,  Ireland. 

1885.  jLyon,  Alexander,  jun.     52  (Jarden-place,  Aberdeen. 
1896.  J  Ijyster,  A.  G.     Dockyard  Cobnrg  Dock,  Liverpool. 

1862.  *LYTE,  F.  MAXWELL,  M.A.,  F.C.S.'    60  Finborough-road,  S.W. 
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1876.  *MACADAM,  WILLIAM  IVISON,  F.R.S.E.,  F.I.O.,  F.O.S.  Surgeons' 
Hall,  Edinburgh.  * 

1868.  JMACALISTER,  ALEXANDER,  M.A.,  M.D.,  F.R.S.  (Pres.  II,  1892; 
Council,  1901-  ),  Professor  of  Anatomy  in  the  University  of 
Cambridge.  Torrisdale,  Cnmbriflov. 

1878.  JMAcALisTER,  DONALD,  M.A.,M.D.,  B.Sc.     St.  John's  College,  Cam- 

1896.  ;  M  .    i'  •      ,  R.  A.  S.     2  Gordon-street,  W.C. 

1897.  {McAllister,  Samuel.     99  Wilcox-street,  Toronto,  Canada. 

1896.  §MACALLFM,  Professor  A.  B.,  Ph.D.  (Local  Sec.  1897).  59  St. 
George-street,  Toronto,  Canada. 

1879.  §  Mac  Andrew,  James  J.,  F.L.S.     Lukesland,  Ivybridge,  South  Devon. 
1883.  J  Mac  Andrew,  Mrs.  J.  J.     Lukesland,  Ivy  bridge,  South  Devon. 

1883.  §Mac Andrew,  William.     Westwood  House,  near  Colchester. 
1866.   *M*Arthur,  Alexander.     79  Holland-park,  W. 

1896.  JMcArthur,  Charles.     Villa  Marina,  New  Brighton,  Cheshire. 

1884.  JMacarthur,  D.     Winnipeg,  Canada. 

1896.  *Macaulay,  F.  S.,  M.A.     19  Dewhurst-road,  W. 

1834.     MACATJLAY,  JAMES,  A.M.,  M.D.     4  \VAiii  MM  \-irnnh-rH,  W. 

1896.  JMAoBKiDE,  Professor  E.  W.,  M.A.     AMlill'  (  ni\vrsity,  Montreal, 

Canada. 
1884.  JMcOabe,  T.,  Chief  Examiner  of  Patents.      Patent  Office,  Ottawa, 

Canada. 

1886.  JMacCarthy,  Rev.  E.  F.  M.,  M.A.     93  Ilngley-road,  Birrninglunn. 

1887.  *  McCarthy",  James.     Bangkok,  Siain. 

1884.  *McCarthy,  J.  J.,  M.D.     83  Wellington-road,  Dublin. 
1884.  JMcCausland,  Orr.     Belfast. 

1891.  *MCCLBAX,  FRANK,  M.A.,  LL.D.,   F.R.S.,   M.Inst.C.E.      Rusthall 

House,  Tunbridge  Wells. 

1876.  *M<CLELLAND,  A.  S.     4  Crown-gardens,  Do wanhill,  Glasgow, 
1868.  JM'CLENTOCK,    Admiral    Sir    FRANCIS    L.,    R.N.,    K.C  B     F  R  S 

F.R.G.S.     United  Service  Club,  Pall  Mall,  S.W.  '    '"' 

1878.  *M<Oomas,  Henry.     Pembroke  House,  Pembroke  Road,  Dublin. 
1901.  *MacConkey,  Alfred.     University  College,  Liverpool. 
1901.  SMacCormac,  J.M.,  M.D.     31  Victoria  Place,  Belfast. 

1892.  *McCowan,  John,  M.A.,  D.Sc.     Henderson  Street.  Bridge  of  Allan 

KB. 

1892.   jMcCrae,  George.     3  Dick-place,  Edinburgh. 
1901.   §McCrae,  John,  Ph.D.     7  Kirkleo  Gardens,  Glasgow. 

1899.  Ja\[ol)iarmid,  Jabez.     The  Elms,  Stamnore,  Middlesex. 

1900.  §Macdonald,  J.  R.     3  Lincoln's  Inn  Fields,  W.C. 
1890.  *Mac Donald,  Mrs.  J.  R.     3  Lincoln's  Inn  Fields,  W.C. 
1886.  t McDonald,  John  Allon.     Hillsboro'  House,  Derby. 
1884.  JMacDonald,  Kenneth.     Town  Hall,  Inverness. 

1884.  'McDonald,  Sir  VV.  C.     891  Sherbrooke-street,  Montreal,  Canada, 
1884.  JMacDonnell,  Mrs.  F.  II.    1433  St.  Catherine-street,  Montreal,  Canada. 
MacDonnoll,  Hercules  II.  G.     2  Kild are-place,  Dublin. 

1884.  -1-"  P-      -".John.     35  St.  Francois  Xavior-stroot,  Montreal,  Canada. 
1897.    ,  »:    .    •      ,   -Villiam  C      9  South  Charlotte-street,  Edinburgh. 
1881.  JMacfarlane,  Alexander,  D.Sc.,  F.R.S.E.,  Professor  of  Physics  in  the 

University  of  Texas.     Austin,  T^xas,  U.S.A. 

1885.  {Macfarlane,  J.   M.,  D.Sc.,   F.R.S.E.,   Professor   of  Biology  in  the 

University  of  Pennsylvania,  Lansdowne,  Delaware  Co.,  J^nn- 

sylvania.  U.S.A. 

1897.  JMcFarlane,  Murray,  M.D.     32  Oarlton-street,  Toronto,  Canada. 
1879.  JMacfarlane,  Walter,  jun.     12  Lynedoch-crescent,  Glasgow. 
1901.  §Macfee,  John.     Marguerite,  Blackball,  Paisley. 
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1867.  *M'Gavin,  Robert.    Ballumbie,  Dundee. 
1897.  JMcGaw,  Thomas.     Queen's  Hotel,  Toronto,  Canada, 
1888    *M  •  H     •  .-  .  James.     67  Marloes-road,  Kensington,  W. 
1884.     \l  —i  .        •    -.  9  James.    42  Cathcart-street,  Montreal,  Canada. 
1884.  JMaeGoun,  Archibald,  jun.,  B.A.,  B.C.L.      Dunavon,  Westmount, 
Montreal,  Canada. 

1884.  *MAcGithQORv  J  AMEH  (ioiiDON,  M.A.,  D.Sc.,  F.R.S.,  F.R.S.E.,  Professor 

of  Natural  Philosophy,  The  University,  Edinburgh. 

1885.  :M-Gr,.'_-  ,,.-U  ,1,,....,  ....  j.f  M.A.,  M.B.     1J6  Buchanan-stroot,  llillhead, 

Glasgow. 

1807.  *MC!NTOSII,  \V.  C.,  M.D.,  LL.D.,  F.R.S.,  F.R.S.E.,  F.L.S.  (Pre.«.  D, 
18S5),  Professor  of  Natural  History  in  thu  University  of 
St.  Andrews.  2  Abbotsford-croacent,'  St.  Andrews,  -N.B. 

1884.   fMcIntyre,  John,  M.I).     Odihani,  Hants. 

1883.  JMack,  Isaac  A.     Trinity-road,  li  >otle. 

1884.  §MacKay,    A.    IT.,   B.Sc.,    LL.l).,    Superintendent    of    Education. 

Education.  Ofiice,  Halifax,  Nova  Scotia,  Canada. 

1885.  §MACKAY,  JOHN  YULE,  M.I).,  Professor  of  Anatomy  in  University 

College,  Dundee. 

1807.   f  McKay,  T.  W  G.,  M.I).     Osliawa,  Ontario,  Canada. 
1600.  *Mclveclmie,  Duncan,     l^ccle^ton  (jranjre,  Proston. 
187:3. 


KENDiircK,  JOHN  G.,  M.D.,  LL.D.,  F.H.S.,  F.JTl.S.E.  (Pres.  I, 
1001),  Professor  of  Phy  Biology  in  the  University  ot  Glasgow. 
*2  J^uckinghain  Ternico,  Glasirow. 
jMoKeiwlriok,  Sirs.     '2  Klnreiitine-pirdena,  Glasgow. 
1S«,)7     JMcKonxift,  John  J.     01  Madison-aycnue,  Toronto,  Canada. 
18S4.   fMrn-Kenzio,  Stophen,  M.I).     1H  Cavondish  Square,  W. 

1884.  JMcKenzie,  Thomas,  B.A.     School  of  Science,  Toronto,  Canada. 
1001.  §Mackenxit»,  Thomas  Brown.     o42  Duke  Street,  Glasgow. 
188.'*.  fMaokoson,  Henry.     Ilvtho,  Kent. 

187^.  *Mackoy,  J.  A.     175  Grande-road,  S.K. 
1867.  JMACJKIE,  SAMUEL  JOSEPH.     17  Howley-place,  W. 
1001.  §>Fackio,  William,  M.D.     l:'.  North  Stroet,  Klpin. 
18H4.   JMcKillipin,  John  Ji.     387  Main-street,  Winnipejr,  Canada. 
1887.  JMArKiNDnit,    IT.    J.,    M.A.,   F.R.G.S.     (Pres.    E,   1805).      Christ 
Church,  Oxford. 

1891.  |  Mackintosh,  A.  C.     8S  Plymouth  Uond,  Penarth. 
1850.   f^racknijrht,  Alexander.     520  Albany-street,  I'Miiihurprh. 

1872.  'McLiAciiijAX,  ROBERT,  F.K.S.,  F.L.S.     AVest  View,  (  1larendon-road, 

L^wisham,  S.E. 

180(i.   (-"Maclajrau,  Mi^  Christian.     Havenwrdft,  Stirling. 
180^.  JMaolajran,  Philip  K.  D.     St.  Catherine's,  Liherton,  Midlothian. 
180^.  tMaclnpin,  11.  Craijr,  M.D.,  F.TC.H.K.     5  C^oatos-crescent,  Edinburgh. 

1885.  *M'LAKRirv  The  lion.  Lord,  F.U.S.E.,  F.R.A.S.     40  Moray-place, 

Edinburgh. 

I860.  JMaclaren,  Archibald.     Summertown,  Oxfordshire. 
1001.   §Maclareii,  J.  Malcolm.     (Ji>  Sydney  Street,  South  Kensington,  S.W. 
1807.  tMftcLaivn,  J.  F.     3HO  Vrietona-street,  Toronto,  Canada. 

1873.  JMacLaren,  Walter  S.  B.     Newington  House,  Edinburgh. 

1807.  tMncLareu,    Rev.     Wm.,    D.I).      57    St.    George-street,    Toronto, 

Canada. 

1901.  §Maclay,  James.     3  Woodlands  Terrace,  Glasgow. 
1901.  §Maclay,  William.     Thormvood,  Langsi(ie,  Glasgow. 
1901.  §McLean,  Angus,  B.Sc.     Ascog,  Meikleriggs,  Paisley. 

1892.  *MACLBAW,  MAGNUS,  M.A.,   D.Sc.,    F.R.S.E.    (Local    Sec.  1.901), 

Professor  of  Electrical  Engineering,  Technical  College,  Glasgow. 
1884.  f  McLennan,  Frank.     317  Drummond-street,  Montreal,  Canada* 
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1884.  jMcLennan,  Hugh.    317  Drummond-street,  Montreal,  Canada. 

1884.  jMcLennan,  John.     Lancaster,  Ontario,  Canada. 

1868.  §McLEOD,  HERBERT,  F.K.S.   (Pres.   B,   1892;   Council,   1885-00). 

0  Coverdale  Road,  Kiohmond,  Surrey. 

1892.  JMacleod,  W.  Bowman.     16  George-square,  Tldinbur/li. 
1883.  *McMAHON,  Lieut.-General  C.  A.,  F.R.S.,  F.G.S.    20  Nevern-square, 

South  Kensington,  S.W. 

1883.  tMAcMAHON,  Major  PJJIUJY  A.,  R.A.,  D.Sc.,  F.R.S.  (Pres.  A,  1901  ; 

Council,  1898-     ).    Queen  Anne's  Mansions,  Westminster,  S.W. 
1878.  *M'Master,  George,  M.A.,  J.P.     Rathmines,  Ireland. 

1884.  JMcMurrick,   J.    Playfair.      University   of    Michigan,    Ann   Arbor, 

Michigan,  U.S.A. 

1867.  jM'NeiU,  John.     Balhousie  House,  Perth. 
1878.  JMacnie,  George.     59  Bolton-street,  Dublin. 

1887.  JMaconochie,  A.  AV.     Care  of  Messrs.  Maconochie  Bros.,  Lowostoft, 
1883.  jMacpherson,  J.     44  Frederick-street,  Edinburgh. 
1901.  §MacRitchie,  David.     4  Archibald  Place,  Edinburgh* 

*MACRORY,  EDMUXD,  M.A.,  K.C.     19  P.>Mii.'i<l.:--.-<p:i:v,  W. 
1887.  JMacy,  Jesse.     Grinnell,  Iowa,  U.S.A. 
1883.  {Madden,  W.  II.     Mnrlboroii>rli  College,  Wilts. 
1883.  jMaggs,  Thomas  Charles,  F.G.S.    5(5  (Clarendon-villas,  West  Brighton . 

1868.  {Magnay,  F.  A      Dray  ton,  near  Norwich. 

1876.  *MAGNTTS,  Sir  PHILIP,"  B.Sc.     10  Gloucester-terrace,  Hyde  Park,  W. 

1896.  "fMaguire,  Thomas  Philip,     lilastfiuid.  Lodge-lane,  Liverpool. 

1878.  jMahony,  W.  A.     34  ColliMn-inven,  Dublin. 

1887.  JMainprice,  W.  8.     Longcrot't,  Altriiu'hani,  Cheshire. 

1883.  tMaitland,  P.  C.     136  Great  Portland-street,  W. 

1899.  jMakarius,  Saleora.     *  Al  Moknttam/  Cairo. 

1881.  tMalcolm,  Lieut.-Colont^l,  U.K.     72  Nunthorpe-road,  York. 

1874.  tMalcolmson,  A.  B.     Friends'  Institute,  Belfast. 

1857.  JMALLBT,  Jortx  WILLIAM,  Ph.D.,  M.D.,  F.U.S.,  F.C.vS.,  Professor  of 

Chemistry    in    the    University    of    Virginia,    Albemarle    Co., 

U.S.A. 

1896.  *Manbre,  Alexandre.     15  Alexandra-drive,  Liverpool. 

1897.  JMANCB,  Sir  II.  C.     32  Earl's  Court-square,  S.W. 

1887.  ^MANCHESTER,  The  Riprht  Ilev.  the.  Lord  Bishop  of,  D.D.     Bishop's 

Court,  Manchester. 

1870.  tManifold,  W.  H.,  M.D.     45  Rodney-street,  Liverpool. 
1901.   §Mann,  John,  jun.,  M.A.,  137  \Vest''G«wge  Street,  Glasgow, 

1888.  JMann,  W.  J.'    Rodney  Iljonse,  Trowbrid^i*. 
1894.     MM'.-.:-  .-.  Percy,  M.A.,  F.S.A.     Watford,  Herts. 

1864.  {Mansel-Pleydell,  J.  C.,  F.G.S.     Whatcombe,  Blandford,  Dorset. 

1888.  JMANSERGH,  JA^IKS,  M.Tnst.C.E.,  F.R.S,  F.G.S.  5  Victoria-street, 
AVestminster,  S.W. 

1891.  JManuel,  James.     175  Newport-road,  Cardiff. 

1887.  *March,  Henry  Colley,M.D.,  F.S.A.  Portesham,  Dorchester,  Dorset- 
shire. 

1870.  JMarcoartu,  His  Excellency  Don  Arturo  de.     Madrid. 

1898.  *Mardon,  Heber.     2  Li tti eld-place,  Clifton,  Bristol. 
1900.  §Mnrjjferison,  Samuel.     Calverley  Lodge,  near  Leods. 
1887.  JMargetson,  J.  Charles.     The  Rocks,  Limpley,  Stoke. 

1883.  JMarginson,  James  Fleetwood.     The  Mount,  Fleetwood,  Lancashire. 
1887.  tMarkham,  Christopher  A.,  F.R.Met.Soc.    Spratton,  Northampton. 
1864.  JMARXHAM,  Sir  CLEMENTS  R.,  K.C.B.,  F.R.S.,  Pres.R.G.S.,  F.S.A. 
(Pres.  E,  1879;  Council  1893-96).     21  Eccleston-square,  S.W. 
1894.  \Markoff,  Dr.  Anatolius.     44  Museum-street,  JV.C, 
1863.  JMarley,  John.    Mining  Office,  Darlington. 
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1888.  {Marling,  W.  J.     Stanley  Park,  Stroud,  Gloucestershire. 

1888.  -[Marling,  Lady.     Stanley  Park,  Stroud,  Gloucestershire. 

1881.  *MARR,  J.E.,M.A.,  F.R.S.,  F.G.S.  (Pres,  C,  1890;  Couucil  180(5-     ). 

St.  John's  College,  Cambridge. 

1887.  JMarsden,  Bonjamin.     AVestleigh,  lloaton  Mersey,  Manchester. 
18»4    *Marsden,    Samuel.      10  15    North    Letting-well-avenuo,  St.  Louis, 

Missouri,  U.S.A. 

!892.  *Marsden-Smedley,  J.  ft.     Lea  Green,  Cromford,  Derbyshire. 
1883.  *Marsh,  Henry.    *72  Wellington  Street,  Leeds. 
1887.  t  Marsh,  J.  10.,  M.A.     The  Museum,  Oxford. 
1804.  {Marsh,  Thomas  Edward  Miller.     :>7  Grosvenor-  place.  Baih. 

1889.  *MAJJSHALL,  ALFRED,  M.A.,  LL.l).   (Pros.   F,   1890),  Professor  of 
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Croft,  Madingley-wod,  C;mibri  Lv. 
1892.  §  Marshall,    Hugh,    USc.,  F.R.S.K.      131    Wai-render    Park-road, 


1890.  }  Marshall,  .John.     Derwent  Island,  Kcawirk. 
1901.  §Mtirtfhall,  Robert.     1)7  Wellington  Street,  G 

1856.  *MARSUALL,  WILLIVM  BAYLBY,  M.Inst.C.E.  llichmond  Hill,  Edgbas- 
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1849.  *MARSHALL,  WILLIAM  P.,  M.Inst.C.E.    Eichinond  Hill,  Edgbastou, 
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1805.  §MARTEX,  EDWARD  Bis  DON.    Pedmore,  u«-ar  Stourljrid^e. 
189f>.  §Martin,  Miss  A.  M.     Park  View.  :j:>  Hayham-road,  Sevcuoakb. 
181)1.  'Martin,  Edward  I'.,  J.I'.     Dowlnis,  Hhiinorsjan. 
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18i):3.  *Mas»m,  Thomas.     Ilii  1-  '"l-'iirh,  Alexandra  Park,  Nottingham. 
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1898.  tMastcrman,  ^-  T-     University  of  St.  Audrcwt*.  X.13. 

1901.  *xMather,  G.  11.     l)jxli>a,          ' 


.  ^Mather,  Robert  V.     Birkdale  Lodge,  Birkdale,  Southport. 
1887.  *Mather,  William,  M.P,,  M.Inst.C.E.  Sal  ford  Iron  Works,  Manchester. 
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1889.  tMathews,  John  Hitchcock.     1  (^ueen's-gardena,  Hyde  Park,A5 
1881.  tMathwin,  Henry,  B.A.    Bickerton  House.  Southport. 
1683.  jMatUwia,  ifrs.    40  York-road,  Birkdale,  Southport. 
1901.  * 
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1858.  |  Matthews,  F.  C.    Mandre  Works,  Driilield,  Yorkshire. 
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1893.  J  Mavor,  Protestor  James,M.A.,LL.JD.   University  of  Tor  on  to,  Canada. 
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*Maxwell,  Robert  Perceval.     Finnebrogue,  Downpatriek. 

1883.  §May,  William,  F.G.S.    Northtield,  St.  Mary  Cray,  Kent. 
1901.  §May,  W.  Page,  M.D.,  15.Sc.     0  -Manchester  Square,  W. 

1883.  JMayall,  George.     Clairville,  Birkdale,  Southport. 

1884.  *Maybury,  A.  C.,  D.Sc.     10  Bloonisbury-square,  W.(J. 

1878.  *Mayne,  tlionias.     33  Castle-street,  Dublin. 

1871.  ^Meilvle,  James,  F.S.S.     (>  St.  Andrews-square,  Edinburgh. 

1870.  §Meiklejoliu,  John  W.  S.,  M.I).     lOo  Holland-road,  W. 

1887.  jMeiseh'ke-Sinitli,  \\\      liivalu  Liunpore,  Salengore,  Straits  Settle- 

ments. 
1S81.  *MELDOLA,  lUrHAEL,   F.U.S.,  F.U.A.S.,   KC.S.,  F.I  C.  (Pres.  15, 

18i>o  ;  Coimc'il  l8i)i3-UJ)),  Professor  of  Chemistry  in  the  Finsbury 

Technical  College,  City  and  Guilds  of  London  Institute.   0  Bruns- 

wick-square, W.C. 
1883.  IMellis,  Rev.  James.     23  Park-street,  Southport. 

1879.  *Mellish,  Henry.     Hod*ock  Priory,  Worksop. 

1S66.  JMBLLO,  Hev.  J,  M.,  M.A.,  F.G.S.     Cliil'  Hill,  Warwick. 

18S3.  tMello,  .Mrs.  J.  M.     CUil1  Rill,  AVarwick. 

189G.  §Mellor,  G.  if.     Weston,  Blundollsands,  Liverpool. 

1«8L  §Melrose,  James.     Clifton  Ci-dlt,  York. 

1887.  .fMelvill,  J.  Co-  mo,  M.A.     Ker>al  (1otta^e,  Prestwich,  Manchestor. 

1803.   j^relrin,  Alexander.     4:2  .liiiccleucli-plac'e,  l^linbur^b. 

1800.   JMenneer,  U.  1»..     Cure  of  Messrs.  Chindlay  v\:  Co.,  1'arliainent-street, 

S.W. 

15)01  .  §Meimell,  F.  P.     S  Acldison  Roail,  AV. 
1802.  ]MENXI:LL,  HJIMIY  T.     St.  DunsUiu's-buildin^,  Great  Tower-street, 

K.C. 
1879.  IMwiiivALi],  JOHN  HKKSIAN,  M.A.  (Local  Sec.  Ib8i>).    TogMton  Hall, 


"MfiTett,    Will  mm  JI,      Iletherloy,    Grobvenor    lioad,  Wallington, 

Surrev- 

18HO.  JMerry,  Alfred  S.     Brvn  Ileulo^,  Ski-ttv,  near  Swansea. 
18!)0.   §Mi-rry  weather,  J.  C1.  *4  WliitHmlU-ourt,  S  W. 
1880.  *Mer/;  John  Theodore.     The,  (Quarries,  Nuwautle-iipon-Tync. 
1803.  JMesfent,  P.  T.     4  Northumberland-terrace,  Tynemouth. 
1806.  §Metzler,  W.  II.,  Professor  of  Mathematics  in  Syracuse  Uniyersity, 

Syracuse,  New  York,  U.S.A. 

1869.  JMTALL,  Lours  C.,  F.R.S.,  F.L.S.,  F.G.S.  (Pres.  1),    1807;    Local 
S*»c.  1800),  ]?rofefcsor    of  Biolugy  in   the  Yorkshire  College, 
Leeds. 

1886.  t  ^Fiddle  more,  Thomas.     Ilolloway  Jlead,  Birmingham. 
1805.   tMiddlemore,  William.     TMJ  :I-:I.M.  Bii-i:ii».'li,un. 

*Midilli'-lii-.ni/ii,  The  Kib'i:;   l,V-x.   Kit-haul  Lacy,  D.D.,  Bishop  of. 


.. 

1893.  §Middleton,  A.     25  Lister-gate,  Nottingham. 

1881.  JMiddleton,  R.  Morton,  F.L.S.,  F.Z.S.    46  Windsor-road,  Baling,  W. 

1894.  *MTEKS,  H.  A.,  M.  A.,  F.R.S.,  F.G.S.,  Professor  of  Mineralogy  in  the 

University  of  Oxford.     Magdalen  College,  Oxford. 
1880.  tMilburn,  John  1).    Queen-street,  Newcastle-upon-Tyne. 

pliles,  Charles  Albert.    Buenos  Ayres.  .  _   .  .    • 
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1881.  }MiLES,  MORKIS  (Local  Sec.  188^).     Warbourne,  Hill-lane,  South- 

umptoij . 
1885.  §MILL,  HUGH   llouKKr,  D.Sc.,  LL.I).,  F.K.S.E.,  F.R.G.S.  (Pres.  E, 

IU01).        22  Gloucester-place,  Portnmn-sqnare,  AV. 
1889.  'Millar,  Robert  Cockburn.     J3U  York-place,  Edinburgh. 

Millar,  Thomas,  M.A.,  LL.l).,  F.ll.S.K.     Perth. 
1875.    \MilltVy  (rt'ttrt/p.     Jl rcn  fry,  near  /M«toJ. 

18i)r>.  {Miller,  i lenry,  M. lust.C.  E.    Jinmnere  House,  Kbn\  ich-road,  Ipswich. 
18H8.  "(Miller,  .1.  llr'nce.     Uubishiw  Den  North,  Aberdeen. 
1885.  | Miller,  John.     0  Ilubisl  aw- terrace,  Aberdeen. 
1880.  {Miller,  Kev.  John,  1U).     The  College,  Woy mouth. 
18(51.  *Miller,  Robert.     Totteridge  llouise,  llerifurdshirt;, 
1895.  pliller,  'Phomas,  M.lnst.(\'E.     0  Thorou^lilare, 

1884.  fMiller,  T.  F.,  15.Ap.Se.    Napance,  Ontario,  Canada. 
1870.   (Miller,  Thomas  Pateraon.     i'ainitf,  (Jambuslanfr,  N.R. 

1897.  JMiller,  Willet.  a.,  ProtV^or  of  CSeolnjry  in  Queeu's  University, 
Kinjr^tou.  Ontario,  Canada. 

1808.  *^IILLS  KDMUXD  J.,  D.Sc.,  F.R.S.,  F.C.fc?.  11  tfrei-nhill  Road, 
Harrow. 

1880.  plilU,  MuDbll-litt  il.,  M.IiM.C.E.,  F.G.S.  Sherwo««d  Hall,  Mans- 
field. 

1885.  t Millie,  Alexander  1).     40  Alhyii-place,  Aberdeen. 

188±  *MiLSE,.loiiN,  F.li.S.fF.U.S.  Shidellill  Huu>e, Shide, I^le  ofAVight, 
1885.  J  Milne,  William.     4O  Albyn-place,  Aberdeen. 
lSi)*S  *Mihier,  S.  Koslin^t«)ii9  li.Sc.     l'ni\«»rHty  College,  Slj(»iiield. 
18SL>.   iMiinei*f  Alfred,  M.A.,  F.S.S.     L^v  (lohUnn^t-l. Trace,  South  ITnmp- 
atead,  N.W. 

iN,  (i.  >!.,  M.A.,  F.U.S.,  ProiWor  oi1  Mathematics  in  the 
Koyal  Indian  Knirii leering  C'olleLV,  (1ooprr  >  Hill,  iSurroy. 
5.    JMirrlecs,  Jann'H  Iiu(khanan.      15  Scotland-street,  (t 
185J).   ]  Mitchell,  Alexander,  M.I >.     (Ad  IUin,  Alu-rdeen. 
1SM)1.   "Mitchell,  Andrew  Ac\\orth.     7  lluntl\  Onrden>, 
18S.'].  '{Mitchell,  Charles  T.,  M.A.    41  AddicKni-pirdcua  North,  Kensington, 

188ii.  t^iti'hell,  Mi>.  Charles  T.     41  Addi>oii-^ardeiis  North,  Kensington, 

]<K)1.  *Mi1rhell,  (i.  A.      5  W«  -t  Urj/ent  Street,  <il«s^.)W. 

1^85.  tMitdiell,  P.  Chalmers.     Christ  Church.  Oxford. 

I80r>.  *Mouf,  \\illiain,  M.  \.     John^iii,  I^ccU-.-hall,  Mailbrdsliire. 

1885.   {MoiVat,  William.     7  Queen V^rai'drns,  Aherdoen. 

1885.   JMoir,  .laiues.     1*5  ('iiideii-pliK'e,  Al>enleeii. 

I88;j.    fMollison,  \V.  i..,  M.A.     (Mure  College,  Cambridge. 

1H77.  *Molloy,  1  light  llev.  Oerald,  J>.D.     «^>  StephenV-irreen,  Dublin. 

1881.  IMonaghan,  Psitriclv.     Halifax  (l»ox  »»17).  No\a  ttcotia,  Canada. 
inOO    §MoNCK'U)N,  II.  \\'.,  V.P.C^.S.     ;;  Ilarcourt  Huildinjrs,  Temple,  E.C. 
1887.  *31  oxi),    Lumviu,     i'h  1).,    K.U.S.,    F.C.S.    (Pivs.   J3,    1S90).       i}0 

Avenue-road,  llegimt"»  Parh,  N.\V. 

1801.  *Mond,   lloberl  Ludwi^r.  M.A.,  F.K.S.K.,  F.G.S.     20  Avenue-road* 
llepuntV  Park,  N.W. 

1882.  *  Montagu,  Sir  8umiiel,  Bart.,  M.  P.    1^  Kenvinjrton  Pal.ice-^ardeu-*,  W. 
3892.   {Montgomery,  Very  Ixev.  J.  F.     17  A  thole-crescent,  Edinburgh. 
3872.   J  Moii!.'-»!Mi'r\ ,  \\.  Mortimer.     •')  Porche^ter-place,  Kdgware-road,  W. 
1872.  JMoon,  W.,'LL.1>.     1O4  Queen's-road,  Hrighton. 

3806.  t  Moore,  A.  \V\,  M.A.     AVoodhourne  1  louse,  Douglas,  Isle  of  Man. 
1894  §Moore,  Harold  E.     41  Bedford-row,  W.C. 
1800.  J  Moore,  Major,  HJ3.     School  of  [Military  Engineering,  Chatham. 
1901.  *  Moore,  Robert  J.     166  Vincent  Street,  Glasgow. 

E2 
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1896.  *Mordey,  W.  M.    Prince 's-mansions,  Victoria-street,  S.W. 
1891.  JMorel,  P.     Layernock  House,  near  Cardiff. 
1901.  §Moreno,  Franuisco  P.     Argentine  Legation,  W. 

1881.  {MORGAN,  ALFRED.      50    West    Bay-street,  Jacksonville,  Florida, 

tr.s.A. 

1895.  {MORGAN,  C.  LLOYD,  F.R.S.,  F.G.S.,  Principal  of  University  College, 

Bristol.     10  (V'% :  ..-••  i-  ••!.  Clifton,  Bristol. 

1873.  {Morgan,   Edward    !>• s  i. .!•-•,    I'.Li.G.S.      10  lloland-gardens,    South 

Kensington,  S.~\V. 

1891.  JMorgan,  F.     Forest  Lodge,  Ruspidge,  Gloucestershire. 

1896.  §  Morgan,  George.     ^1  Upper  Parliament  Street,  Liverpool. 
1887.  {Morgan,  John  Gray.     38  Lloyd-street,  Manchester. 

1882.  {Morgan,  Thomas,  J.P.     Cross  House,  Southampton. 
1901.  *Mori:son,  James.     Perth. 

1892.  tMorison,  John,  M.D.,  F.G.S.     Victoria-street,  St.  Albans. 

1889.  §Morisou,  J.  Rutherford,  M.D.      14   Saville-row,  Njwcastle-upon- 
Tyne. 

1893.  JMorland,  John,  J.P.    Glastonbury. 

1891.  tMorley,  H.     The  Gas  Worka,  Cardiff. 

1883.  *MOKLE*,  HENRY  FOHSTUR,  M.A.,D.Sc.,  F.O.S.     47  Broadhurst-gar- 

dens,  South  Hampstead,  N.W. 

1889.  JMoRLEY,    The   Right    Hon.    JOHN,  M.A.,   LL.D.,    3I.P.,  F.R.S. 

95  Elm  P,:  '   .      :.      .S.W. 

1896.  JMorrell,  11.  S.     Cams  College,  <  W.l-rM j  ?. 
1881.  JMorrfill,  W.  W.     York  City  and  1'ounty  Hank,  York. 
1883.  J  Morris,  C.  S.     Millhrook  Iron  Works,  Landore,  South  Wales. 

1892.  tMoKRis,  DAMKL,  C.M.O.,  M.A.,    D.Sc.,  F.L.S.     Barbados,   \\W 

Indies. 

1890.  §Morri»t  G.  Harris,  B.Sc.,   Ph.D.,   F.I.C.      Helens! ea,  South  Hill 

Park,  Bromley,  Kent. 

1883.  t Morris,  George  Lockwood.     Millbrook  iron  Works,  Swansea. 
1880.  §  Morris,  Jumes.     0  Wiudsor-streot,  Uplands,  Swansea. 
1896.  *  Morris,  J.  T.     1:5  Somers-plaet»,  AV. 

1868.  tMorris,  J.  W.,  F.L.S.    27  Given  Park,  Hath. 

Morris*,  Samuel,  M.It.D.8.     J(\)rt\iew,  (/loiitarf,  near  Dublin. 

1874.  t Morrison,  G.  J.,  M.lnst.C.K.     Shanghai,  China. 
J871.  *Morrisi)ii,  J.  D.     Fnrdel  CnMlc,  (ilcntar^1,  I^rth^hirt'. 

1809.  §  Morrow,   Cajitaiii  John,  M.Sc.     7  Kockleaze-a\eniiey  Snoycl  Park, 

Bristol. 
1865.  {Mortimer,  J.  11.     St.  Ji»hno-\illa.s,  DriiHeld. 

1869.  J Mortimer,  William.     JJF'dlord-circup,  lOxeter. 

1858.  *MOKTOX,  HENRY  JOSEPH.     L»  We.<jtbourne-villas  Scarborough. 
1887.  tMorton,  Percy,  M.A.     Illtyd  House,  Brecon,  South  Wales/ 
18SC.  *Morton,  P.  F.     15  Ariili-v  J'laeo,  Wcbtiuinbti-r,  S.W. 
1896.  *MOKTOX,  WILLTAM  B.,  M.A.,  Professor  of  Natural  Philosophy  ifl 

Queen's  College,  lielfa^t. 

1883.  {Moseley,  Mrs.     Firwood,  Clcvedon,  Somerset. 
1878.  *Moss.  JOHN  FRANCIS,  F.R.G.S.   (Local  Sec.   1879).    Beechwood, 

Briuclifle,  Shelfield. 
1876.  §Moss,  RICHARD  JACKSOX,  F.I.C.,  M.R.I. A.     Royal  Dublin  Society, 

and  St.  Aubyn's,  Ballybrack,  Co.  Dublin. 
1864.  *Mosse,  J.  R.     5  Ohiswick-place,  Eastbourne. 
1892.  tMoesman,  R.  0.,  F.R.S.E.     10  Blacket-place,  Edinburgh. 
1873.  ^Mossman,  William.     St.  Hilda's,  Frizinghall,  Bradford. 
1892.  *Mostyn,    S.    G.,    M.A.      Fairycroit     Terrace,     Satiron    "Walden, 

Essex. 
1866.  JMoii,  FREDERICK  T.,  F.H.G.S.    Crescent  House,  Leicester. 
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1866.  t  Mould,  Rev.  .1.  G.,  B.D.    Boseland,  Meadfoot,  Torquay. 

1878.  *MOTFLTON,  J.  FLETCHER,  M.A.,  K.C.,  M.P.,  F.R.S.    57  Onslowc. 

square,  S.W. 

18G3.  JMounsey,  Edward.     Sunderland. 
1861.  *Mountcastle,  William    llobert.      The   Wigwam,  Ellenbrook,  nenr 

Manchester. 
1877.  JMOTJNT-EDGCUMITR,  The  Right  ITon.  the  Earl  of,  D.C.L.    Mount- 

Edgcumbe,  Devonport. 

1899.  §Mowll,  Martyn.     Ohaldercot,  Leyburne-road,  Dover. 
3887.  IMoxon,  Thomas  B.     County  Bank,  Manchester. 
1888.  JMoyle,  K  E.,  M.A.,  F.C.S.     Hcightley,  Chudleigh,  Devon. 
1884.  JMoyse,  C.  E.,  B.A.,  Professor  of  F.nul'Ui  Lsm^iiMyv  nn<I  Literature 

in  McGill  College,  Montreal.     Mtt  Sli.-rlir,'ol<,.-pii-.vt,  Montreal, 

Canada. 

1884.  tMoyge,  Charles  E.     802  Sherbrooke-street  ,  Montreal,  Canada. 
1899.  *Muff,  Herbert  B.     Aston  Mount,  Ileaton,  Bradford,  Yorkshire. 
1894.   i  Mu.Lrli-ton,  Rev.  J.,  M.A.     Newick  House,  Cheltenham. 
1870.  *Muir,  Sir  John,  Bart.     Demstor  House,  Perthshire. 
1874.  JMuiR,    M.    M.   PATTTSOX,    M.A.      Gomille    and    Caius    College, 

Cambridge. 
1872.  *MUIKHEAJ>,  ALEXANDER,  D.So.,  F.C.S.     2  Priuce\s-s1reot,  Storey's- 

gat«,  \\Vfltminster,  S.AA\ 
1870.  *Muirhvad,   Ilobi»rt    Franklin,    M.A.,    B.So.      24    Kersland-street, 

Tlillhead,  Glasgow. 

1883.  fMulhall,  ^Irs.  Marion.     Fancourt,  Balhriprpran,  Co.  Dublin. 

1884.  *MULLKR,    lluoo,   Ph.D.,    F.K.S.,    F.C.S.      1«   Park-snuaro    East, 

Regent's  Park,  N.\V. 
1880.  JMuller,  Hugo  >[.     1  Griinanger-gasse,  Vienna. 

1897.  tMullins,  W.  E.     Preshute  House,  Marlborougli,  Wilts. 

1898.  JMumfbrd,  C.  K.     Jlury  St.  Kdmnnds. 

Munby,  Arthur  Joseph.     0  Fig-tree-court,  Temples  E.G. 
1001.  *Munby,  Alan  E.     Folatoad,  l^ssox. 

1870.  tMunro,  Donald,  M.D.,  F.C.S.     Tho  University,  Glasgow. 
1901.  §.Munro,  Donald,  M.D.,  J.P.     Wheat  holm,  Pollokshaws,  Glasprow. 
1898.  '(Muiiro,  John.  Professor  of  Mechanical  Engineering  in  the  Merchant 

Vt'iiturors*  Technical  College,  JJristol. 
188;$.  *MUNRO,    KOBUKT,   M.A.,  M.D.  (Pres.   II,  18JKJ).     48  Manor-place, 


1855.  |  Murdoch,  James  Barclay.     Gapelri»r,  Mearns,  Renfrewshire. 

1890.  i  Murphy,  A.  J.     Preston  llou>o,  Leeds. 

188J).  JMurphy,  James,  M.A.,  M.D.     1  lolly  House,  Sunderland. 
1884.  §  Murphy,  Patrick.     Marcus-square  /Ne.wry,  Ireland. 
1887.  J  Murray,  A.     Tlazeldean,  Kersal,  Manchester. 

1891.  tMujui.vT9   0.  K.  M.,   F.U.S.,  F.K.S.E.,  F.L.S.     British  Museum 

(Natural  History),  South  Kensington,  S.W. 
1  859.  tMnrray,  John,  M.  I  >.     Forres,  Scotland  . 
1884.  {MURRAY,  Sir  JOHN,  K.C.B.,  L.L.D.,  Ph.D.,  F.R.S.,F.n,S.E.  (Pres.  E, 

1899).     Challenger  Lodge,  \Vardie,  Kdiiibur^h. 
1884.  JMurray,  J.  (Thirk,  LL.IX,  Professor  of  Logic  and  Mental  and  Moral 

Philosophy  in  McOill  University,  Montreal.  Ill  McKay-street, 

Montreal,  Canada. 
1872.  ^Murray,  J.  Jardine,  F.R.C.S.E.     99  ^Fontpellier-road,  Brighton. 

1892.  {Murray,  T.  S.     1  Nelson-street,  Dundee. 

1803.  {Murray,  William,  M.D.     9  Ellison-place,  Newcastle-ou-Tyne. 
1874.  §Mu<prrave,  Sir  James,  Bart.,  D.L.     Drumglnss  House,  Belfast. 
1897.   '  M  :   ."•-.-.   .  James,  M.D.     611  Bloor-street  West,  Toronto,  Canada. 
1870.  "Musprau,  Edwnrd  Knowles.    .Seaforth  Hall,  nenr  Liverpool. 
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1891.  tMuybridge.  Eadweard.     University  of  Pennsylvania,  Philadelphia, 

U.S.A. 
1890.  *MYBES,  Joitisr  L.,  M.A.,  F.S.A.     Christ  Church,  Oxford. 

1886.  tNAQBL,  D.  II.,  1NF.A.  (Local  Sec.  1804V    Trinity  College,  Oxford. 

1892.  *Nairn,  Michael  K     Kirkcaldy,  N  P>. 

1890.  §Nalder,  Francis  Henry.     34  Queen-street,  E.G. 
1876.  JNapier,  James  S.     9  Woodside-placo,  Glasgow. 
1872.  JNABES,    Admiral    Sir    G.    S.,    K.C.B.,     K.N.,  F.R.S.,    F.R.G.S. 
11  Claremont-road,  Surbilon. 

1887.  tNason,  Professor  Henry  B.,  Ph.D.     Troy,  New  York,  U.S.A. 
1896.  tNeal,  James  E.,  U.S.  (Consul.     20  Chapel-street,  Liverpool. 


1887.  §Neild,  Charles.     19  Chapel  Walks,  Manchester. 

1883.  *Neild,  Theodore,  B.A.     The  Vista,  Leomiiister. 

1887.  JNeill,  Robert,  jun.     Beech  Mount,  Higher  Bronghton,  Manchester. 
1855.  JNeilson,  Walter.     1  72  \Vest  George-street,  Glasgow. 

1897.  JNesbitt,  Beattie  S.  A.,  M.I).    71  (Srorfvenor-street,  Toronto,  Canada. 

1868.  jNevill,  Rev.  II.  R.     The  Close,  Norwich. 

1898.  §Nevill,  Rev.  J.  II.  X.,  M.A.     The  Viearairo,  Stoke  Gabriel,  South 

Devon. 

1866.  *Nevill,  The   Right   Rev.  Samuel  Tarratt,  D.U,  F.L.S.,  Bishop  of 

Dunedin,  New  Zealand. 
1880.   tNEViLLE,  F.  II.,  M.A.,  F.R.S.     Sidney  College,  Cambridge. 

1869.  JNevins,  John  Birkbeck,  M.D.     tf  Ahercromby-square,  Liverpool. 
1889.  *Newall,  II.  Frank.     Madingley  Rise,  CVmljridfre. 

1901.    "^T    .-1:   :-    Miss  Marion  J.     Gre«Milull  House,  Aliiwick. 
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1JKJI.  *Koid,  Andrew  T.     10  Woudside Terrace,  Cilas^ow. 
1H81,  §lieid,  Arthur  S.,  M.A.,  F.G.S.    Trinity  College,  Glenalmond,  N.B. 
1H8H.  *UEID,  CLKMENT,  F.U.S.,  K.L.S..  F.G.S."    l>8  Jerniyi»-s»Ueet,  S.W. 
38W.   flliUD,  K    WAYMOUTH,  B.A.,  r\U.S.,  Professor  *  of  Physiology  in 

University  (College,  Dundee. 

18W).   flleid,  (>.,  Hel«rian  Coii&ul.     Lfa^e&  House,  Ts'ewcaatle-upon-Tyne. 
1U01.  *Keid,  Hugh.     Jielmoiit,  Sprin^burn,  (ilas^row. 
187(>.   |  Reid,  James,     it)  Wuodside-temice,  Glasgow. 
15)01.  §lteid,  John.     7  Park  Terrace,  GJa^ow. 
1^07.  §Hi-id,  T.  Whitehead,  M.D.     St.  Georjre's  Uou&e,  Canterbury. 
1892.  j  Uoid,  Thon)js.     University  CoJlege,  Dundee. 
18S7.  *Urid,  AValter  Francis.     Fieidside,  .Vddh*stoiie,  Surrey. 
181KS.   (Keiiuicli,  Baron  Albert  von.     Wankfort  a.  >l.,  Prussia. 
lS7o.  §i:i:iNfiLi>.   A.    W.,    M.A.,    F.U.S.  (douuoil   iSSHKjiO),  Professor  of 

PhvMrs  in  1hi»  Ktnal  Nsunl  Oollejjre,  (rivi'nwich.  S.E. 
1S1>:5.   JHnNAbs,  ]'].     c  Nutlimrnniu  Kxpr**^' (Mtico,  NoUinjrhuiu. 
tKn:M>\i,Lf  Kt-v.  CJ.  11.,  M.A.     Charterhouse,  (lodsilminfr. 
*lit'ii(lell.    IJpv.   Janifs    Kobson,    15.A.       Whiiibide,    Whalley-road, 

Acer  i  n^ton. 

IK^.j.   tlleniM'tt,  Dr.     1-  ( Joldcn-stpiuiv,  Alxnilcvn. 
18SJ).   ^Heiinie,  liforige  15.     :-J0  Lo \vrdos-street,  S.W. 
1807.   t  Kenny,  \V.  \V.    8  Douirlas-U'rrare,  Brcmjrhty  Ferrv,  Dundee. 
]8S:i.  *15o\nolds,  A.  IF.     Bank  Hou^e.  l.'W  Ijord-stVeet,  Southport. 
1871.   \  HjivNouw,  JAMKS  KMEKSON,  M.D.,  D.Sc.,  F.R.S.,  P«»*.C.S.,  ^F.R.I.A. 
(Pros.  1»,  ls«»:$;  Council  1^»«-!M»)-  J>1  ofrt*»or  of  Chemistry  in  the 
irniversitv  of  Dublin.  Tin*  Laboratory,  Trinity  Colleg-e,  Dublin. 
1JH)0.  *ni-ynolds,  MiW  K.  M.      \  I'ulinotte  Uond',  Putney,  S.W. 
1870.  Mlr/YNOU>s,  OSUOHM:,  M.A.,  LL.D.,  F.lt.S.,  M.ln>t(1.E.  (Pres.  G, 
1 887),  Professor  of  Kn<rineorhi£  hi  the  Oxvens  College,  Man- 
cliester.      ]J>  Lady  Barn-road,  Fallowfield,  Manchester. 
1806.  1  Reynolds,  Uichard  8.     7o  JSmithdown-lane,  Liverpool. 
18J)(i.  §Uhodos,  Albert.     Fietdhurst,  Liversidjro,  Yorkshire. 
1877.  *Uhodo*,  John.     o<50  Blackburn-road,  Accrington,  Ijaucaahire. 
1888.   \2t/itMlo*,    John    George.       Warwick    IIow9~  4<>  *SV.    Gevryc's-road, 

S.  IF. 

1800.  JHhodes,  J.  ]\L,  M.I).     Ivy  Lod.tfo,  Didsbury. 
J884.  fUhocloH,  Lif  MI  t. -Colonel  AVil  Ham.    Quebec,*  Canada. 

1800.  *Kuys,Profeasor  Joirx,M.A.  (Pres.  IT,  1000).  Jesus  College,  Oxford. 
1877.  *l?iccnrdi,  Dr.  Paul,  Secretary  of  the  Society  of  Naturalists.     Riva 

Muro,  14,  Modeiia,  Italy. 
1891.  fRiehards,  D.     1  St.  Andrew Vcvesceut,  Cardiff. 

1801.  {Richards,  H«  M.     1  St.  Andre wV-crescent,  Cardiff. 

1880.  IRichards,    Professor    T.    W.,   Ph.D.    Cambridge,    Massachusatu 

U.S.A. 

1888.  *R*ouARDsotf,  ABTHTTB^  M.Dt 
1869.  "Richardson,  Charles.     6  The  Avenue,  Bedford  Park,  Chiswick. 
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1882.  JRicharcUon,  Rev.  George,  M.A.     Walcote,  Winchester. 
1884.  *  Richardson,  George  Straker.     Isthmian  Club,  Piccadilly,  W. 
1889.  JRichardsou,  Hugh,  M.A.     Boothani  School,  York. 

1884.  *Richardson,  J.  Clarke.     Derwen  Fawr,  Swansea. 

1896.  *Richardson,  Nelson  Moore,  B.A.,  F.E.S.     Montevideo,   Chickerell, 

near  Weyiuouth. 

1901.  *Richardson,  Owen.  Willan.     Victoria  Orescent,  Dewsburv. 
1870.  JRichardson,  Ralph,  F.R.S.E.     10  Mopdola-place,  Edinburgh. 
1889.  j  Richardson,  Thomas,  J. P.    7  Windsor-terrace-,  jNTewcastle-upon-Tyne. 
1876.  §  Richardson,  William  Haden.     City  Glass  Works,  Glasgow. 
1891.  t  Riches,  Carl  ton  II.     21  Dumfries-place,  Cm-dill'. 
1891.  §Riches,  T.  Harry.     8  Park-grove,  Cardiff. 

1886.  §  Richmond,  Robert.     II-  athwood,  Leighton  Buzzard. 

1868.  JRiCKETTS,  CHAKLBS,  M.D.,F.G.S.    19  Hamilton-square,  Birkenhead. 
*RIDDELL,  M,'/"  -nr:.".i!l  CHARLES  J.  BUCUANAIT,  O.B.,  R.A.,  F.R.8. 
Oaklai.il*.  <  !.-i  I1''"'.'1:!.  Devon. 

1883.  *RIDBAL,  SAMUEL,  D.Sc.,  F.C.S.    28  Victoria-street,  8.W. 

1894.  §RIDLEY,  E.  P.    (Local   Sec.  1SU5).     Burwood,  Webterfield  Road, 

Ipswich. 
1861.  J  Ridley,  John.     19  Bel&ize-park,  Hampstead,  N.W. 

1884.  JRidout,  Thomas.     Ottawa,  Canada. 

1881.  *Rigg,  Arthur.     15  Westbourne  Park  Villas,  W. 

1883.  *RiGG,  EDWAKD,  M.A.     Royal  Mint,  E. 

1^02    JRintoul,  p.,  M.A.     Clifton  College, 

1^7^.   tltipley,  Sir  Edwnrd,  Bart.     Acacia,  Apperloy,  near  Leeds 

*Uip»N,  Thp  Most   Hon.  tho    Murque-s  of/K.G.,  (i.C'.S.L,  O.I.K., 
I).(;.L.,  F.U.S.,  F.L.S.,  F.U.(i.S.    1)  Ch«»lbea  Kmhnnknu;nt,8.W. 
1SD2    tKirchi^,  11.  1*601,  M.I).,  F.H.S.tt.     1  Melville-crescent,  Edinburgh. 
1^07.   l/tifcfa'p.   William.     Km* leu,  Uundrt*. 
1H8{,).    JRiNon.  U    A.     1  .It'^-iii  >ixl-£:irili"i«.f  Newr-jistle-upon-Tyne. 

1000.  §lii\nn,  V   W.,  Ii  S«.     '/iMIrcon  Lan*»,  FI^v wood,  Lancashire. 
181)8.  §Uobb,  Alfred  A.     Lismibieeny  HOIISH,  IJelfnHt. 

I860.  *RoB«ixs,  JOHN,  F.C.S.  57  \Varrinptou-crescent,  Maidu  Vale, 
London,  W. 

1887.  *  Roberts,  Evan.    JJOSt.  Oror^u's-scjnai'e,  Regent's  Park,  N.W. 
1859.  {Roberts,  George  Christopher      IFull. 

1870.  *RO«KRT»,  ISAAC,  D.Sc.,  F.U.S.,  F.U.A.S.,  F.G.S.  Stariield,  Crow- 
borough,  Stihsex. 

1804.  *Roberts,  Miss  Januru.      14  Alexandra  Uoad,  8nuthpurt. 

1881.  JRoberts,  K.  D.,  M.A.,  D.Sc.,  F.(J.S.     4  Regent  Street,  Cuinbiidgu. 

1870.  ^Roberts,  Samuel.     The  Towers,  Slu»fiif4d. 

1870.  t  Roberts*,  Samuel,  jun.     The  Towers,  Sheffield. 

1806.   §Roberts,  Thomas  J.     :fcj  Sei])«'iiti7i*.i-roa<l,  Kgremont,  Cliesuire. 

1868.  *ROBERTS-AUSTEX,  SirW.  CII\NDLEHV  K  C.I5  >U.C.L.,F.H.SMV.P.(\R-I 
Chemist  to  the  Royal  Mint,  ami  Professor  of  Metallurgy  in  the 
Royal  College  of  Science,  London  ((TILNF.KVL  SECRETARY, 
1807-  ;  Pres.  1J,  l«iM  :  Cminoil  lH80-»:j).  Koyal  Mint,  Jb. 

1883.     ~  '  '         '         "  '  "       ' 

1884. 

1883. 

1883. 

1897.  §RoBEBTsoir,  Sir    GEOKGE  S.,  K.C.S.I.    (Pres.  E,  1000).     1  Pump 

Court,  Temple,  B.C. 

1897.  §  Robertson,  Professor  J.  W.  Department  of  Agriculture,  Ottawa, 
Canada. 

1001.  *Robertson,  Robert,  B.Sc.,  M.Inst.C.E.    15-i  We&t  Ge'orge  Street, 

Glasgow.  t 


Robertson,  Alexander.     Montreal,  Canada. 
Robertson,  E.  Stanley,  M  A.     40  Waterloo-road,  Dublin. 
[Robertson,  George  If.     Plas  Nmvydd,  Llangollen. 
Robertson,  Mrs.  George  II.     Plas  Newydd,  Llangollen. 
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1892.  t  Robertson,  W.  AV.     3  Parliament-square,  Edinburgh. 

]88G.  *  Robinson,  C.  11.     27  Elvetham-road,  Birmingham. 

1808.  §Robinson,   Charles  E.,   M.Inst.C.E.     Selborne,  Ashbiirton,   South 

l)evon . 

1861.  ^Robinson,  Enoch.     Dukiufield,  Ashton-under-Lyne. 
1897.  {Robinson,  Haynes.     St.  Giles's  Plain,  Norwich. 
1887.  §  Robinson,  Henry,  M.lnsi.O.E.     13  Victoria-street,  S.AV. 
If/01.   §  Robinson,  John,  M.Inst.C.E.     8  Vicarage-terrace,  Kendnl. 
1803.  {Robinson,  J.  If.     6  Montallo-terrace,  Barnard  Castle. 
1878.  JRobinson,  John  L.     198  Great  Brunswick-street,  Dublin. 
1895.  *Robinson,  Joseph    Johnson.     8   Trafalgar-road,   BirKdale,    South- 

port. 

1870.   I  Robinson,  M.  E.     0  Park-circus,  Glasgow. 
1899.   "Robinson,  Mark,  M.Inst.C.E.     Overbade,  Biltou,  near  Rugby. 

1887.  1  Robinson,  Richard.     Bellfield  Mill,  Rochdale. 

1881.  JRobinson,  Richard  Atkinson.     195  Broraptou-road,  S.W. 
1875.  *Robinson,  Robert,  M.Inst.C.E.     Beechwood,  Darlington. 

1884.  j  Robinson,  Stiliuwn.     Columbus,  Ohio,  U.S.A. 

1901.  §  Robinson,  T.  Eaton.     ,'3:)  Cecil  Street  AVe&t,  Glasgow. 
1803.  4 Robinson,  T.  AY.  U.     Iloughlon-le-Spring,  Durham. 
1891.  {Robinson,  William,  Assoc.M.Inst.C.E.,  Professor  of  Engineering  ill 
University  College,  Nottingham. 

1888.  JRobottom,  Arthur.     3  St.  Alban's-villas,  llighgate-road,  N.W. 
1870.  *Robson,   E.  R.     Palace  Chambers,  1)   Bridge-street,   Westminster, 

S.W. 

1872.  *Robbon,  AVilliuiu.    o  Gillsland-road,  Merchiston,  Edinburgh. 
1890.  {Rochester,  The    Right  Rev.  E.  S.  Talbot,  D.D.,  Lord   Bishop  of. 

Kennington  Park,  S.E. 

1800.  {Rock,  \y.  H.     73  Park-road  East,  Birkenhead. 
1800.  t  Rodger,  Alexander  M.     The  Museum,  Tay  Street,  Perth. 

1885.  *  Rodger,  Edward.     1  Clairinont-gardens,  Glasgow. 

1885.  *Rodriguez,    Epifanio.      New  Adelphi  Chambers,  0  Robert  Street^ 

Adelphi,  AV.C. 

I860.  |Roe,  Sir  Thomas.     Grovo-villas,  Litchurch. 
1898.  llvOGEHs,  BERTRAM,  M.I).  (Local  Sec.  18J)8.)    1 1  York-place,  Clifton, 

Bristol. 
1867.   J Rogers,  James  S.     Rosemill,  by  Dundee, 

1890.  *Rogers,  L.  J.,  M.A.,  Professor  of  Mathematics  in  Yorkshire  College, 

Leeds,     lu  Beech  Grove-terrace,  Leeds. 

1883.  t  Rogers,  Major  R.     Alma  House,  Cheltenham. 

1882.  §Rojrer-.R*JV.  Canon  Saltren,  M.A.     Tresleigh,  St.  A  us  tell,  Cornwall. 

1884.  *Rogers,  \Valter.     Hill  House,  St.  Leonards. 

1880.  J  ilogerson.  John.     Croxdale  Hall,  Durham 
3897.  JHogerson,  John.     Barrio,  Ontario,  Canada. 

1870.  tRor.LiT,  Sir  A.  K.,  M.P.,  B.A.,  LL.D.,  D.C.L.,  F.R.A.S.,  Hon. 
Fellow  K.U.L.  Thwaite  House,  Cottinghuui,  East  Yorkshire* 

1891 .  ( Ronnfeldt,  W.     43  Park-place,  Cardiil*. 

1894.  *Rooper,  T.  Godolphin.     12  Cumberland-place,  Southampton. 

1881.  *Roper,  AV.  O.     BJink-buildingfci,  Lancaster. 

1855.  *ROSCOE,  Sir  HENRY  ENFIELD,  B.A.,  Ph.D.,  LL.D.,  D.C.L.,  F.R.S. 
(PRESIDENT,  1887;  Pros.  B,  1870,  1884;  Council  1874-81  \ 
Local  Sec.  1861).  10  Bramham-gardens,  S.AV. 

1883.  *Rose,  J.  Holland,  M.A.     11  Endlesham-road,  Balham,  S.AV. 

1894.  *RosB,  T.  K.,  D.Sc.     9  Royal  Mint,  E. 

1900.  §Rosenhain,  AValter,  B.A.  185  Monument  Road,  Edgbaston,  Bir- 
mingham. 

1885.  tR°8*>  Alexander.     River  field,  Inverness. 
1901.  r 
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1887.  JRoss,  Edward.    Marple,  Cheshire. 

1901.  §Ross,  Major  RONALD,  F.R.S.     36  Bentley  Road,  Liverpool. 

1859.  *Ross,  Rev.  James  Co ulman.     Wadworth  Hall,  Doncaster. 

1869.  *RossE,  The   Right  Hon.  the  Earl  of,  K.P.,  B.A.,  D.O.L.,  LL.D., 

F.R.S.,   F.R.A.S.,    M.R.I.A.     (VICE-PRESIDENT,  1902).     Birr 

Castle,  Parsonstown,  Ireland. 

1891.  *Roth,  H.  Ling-.     32  Prescot-street,  Halifax,  Yorkshire. 
1893.  JRothera,  G.  B.     Sherwood  Rise,  N'll'j.irliimi. 

1865.  *Rothera,  George  Bell.     Hazlewood,  Forest  Grove,  Nottingham. 
1901.  *Rottenbur#,  Paul,  LL.D.     Care  of  Leister,  Bock  &  Co.,  Glasgow, 
1899.  *Round,  J.  C.,  M.R.C.S.     19  Crescent-road,  Sydenham  Hill,  S.E. 

1884.  *Rouse,  M.  L.     Hollybank,  llayne  Road,  Beckenham. 
1901.  §Rouse,  W.  H.  B.     Cambridge. 

1861.  tRouxH,  EDWARD  J.,  M.A.,  D.Sc.,  F.R.S.,  F.R.A.S.,  F.G.S.  St. 
Peter's  College,  Cambridge. 

1883.  JRowan,  Frederick  John.     134  St.  Vincent-street,  Glasgow. 
1865.  \.JRowe,  Rev.  John.     13  Hampton  Roady  Forest  Gate,  jEW.f. 

1877.  JRowE,  J.  BROOKING,  F.L.S.,  F.S.A.  16  Lockyer-street,  Ply- 
mouth. 

1890.  JRowley,  Walter,  F.S.A.     Alderhill,  Meanwood,  Leeds. 
1881.  *ROWOTREE,  JOHN  S.     Mount  Villas,  York. 

1881.  *Rowntree?  Joseph.     38  St.  Mary's,  York. 

1876.    ITCo  \burirh,  John,     7  Royal  Bank- terrace,  Glasgow. 

1885.  .{.Roy,  John.     33  Belvidere-street,  Aberdeen. 

1899.  JRubie,  G.  8.     Belgrave  House,  Folkestone-road,  Dover. 

1875.  *RtrcKER,  A.  W.,M.A.,  13.Sc.,  Sec.H.S.,  Principal  of  the  University 
of  London  (PRESIDENT,  1901  :  TRUSTEE,  1898  ;  TKHASURBK, 
1891-98;  Pres.  A,  ^1891:  Council  1S88-91).  11>  Oledhow- 
*  gardens,  South  Kensington,  8.W. 

1892.  §Rticker,  Mrs.      T^o\otltMgh,  Dane-road,  St.  Leonar<ls-on*Sen. 
1869.  §RUDLER,  F.  W.,  F.G.8.     The  Museum,  Jenny u-street,  8 AV. 
1U01.  *Rudorf,  L.  C.  G.     26  Weston  Park,  Crouch  End,  N. 

1882.  tRumball,   Thomas,  ^I.Inst.C.E.       1  Victoria  Villas,  Brondesbury, 

N.W. 

1896.  *Rundell,  T.  W.,  F.R.Met.Soc.     25  Castle-street,  Liverpool. 
1887.  t^uscoe>  John.     Ferndale,  Gee  Cross,  near  Manchester. 

1889.  J  Russell,  The  Right  Hon.  Earl.     Amberley  Oottage,  Maidenhead. 

1875.  *Russell,  The  Hon.  F.  A.  R.     Dunrozel,  i'lasleraere, 

1884.  JRussell,  George.     13  Church-road,  Upper  Norwood,  S.E. 

Russell,  John.     39  Mount] oy-square,  Dublin. 

1890.  {Russell,  Sir  J.  A.,  J ,L.D.     Woodville,  Canaan-lane,  Edinburgh. 

1883.  *Russell,  J.  W.     16  Bardwell-road,  Oxford. 

1852.  *Russell,  Norman  Scott.     Arts  Club,  Hanover-square,  \V. 

1876.  t^usseU,  Robert,  F.G.S.     1  Sea  View,  St.  Bees,  Carnforth. 

1886.  tRussell,  Thomas  H.     3  Newhall-street,  n!:-ii:iii.-li,ini. 

1852.  *RUSSELL,  WILLIAM  J.,  Ph.D.,  F.R.S.,  V.P.C.S.  (Pres.  B,  1873? 
Council  1873-80).  34  Upper  Hamilton- terrace,  St.  John's 
Wood,  N.W. 

1886.  JRust,  Arthur.     Everslei/?h,  Loicebter. 

1897.  j Rutherford,  A.     Toronto,  Canada. 

1891.  jRutherford,  George.     Dulwich  House,  Pencisely-road,  Cardiff. 

1887.  JRutherford,  William.     7  Vine-grove,  Chapman-street,  Huiuie,  Man- 

chester. 
1889.  JRyder,  W.  J.  H.     52  Jesmond-road,  Newcastle-upou-Tyne. 

1897.  Iliyerson,  G.  S.,  M.D.     Toronto,  Cn-mula. 

1898.  §Ryland,  (J.  J.     Southorndon  House,  Clifton,  Bristol. 
1865.  tRyland,  Thomas.     The  Redlalids,  Erdington,  BiriBingharu. 
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1883.  {Sadler,  Robert.    7  Lul worth-road,  Birkdale,  Southport. 
1871 ,  J  Sadler,  Samuel  Champernowne.     180  Al.ler-jra1-*t  reet,  E.G. 
188(5.  tSf-  C/a*V,  Georye.  F.G.fi.     225  Ctt*tlt    /:•.•«/.  Ouv/i//: 

1893.  ^SALISBURY,  Tho  Most  Hon.  the  Marquis  of,  K.G.,  D.C.L.,  F.R.S. 

(PRKSTDENT,  1804).     20  Arlington-street,  S.W. 
1881.  JSalkeld,  William.     4  Paradise-terrace,  Darlington. 
1857.  (SALMON,   Rev.  CfeouaE,  D.D.,  D.C.L.,  LL.D.,  F.H.S.   (I'res.  A, 

1878).     Provost  of  Trinity  College.,  Dublin. 

1873.  'Salomons,  Sir  Dtwid,  Bart.,  F.G.S.    Broomhill,  Tunbridge  Wells. 
1887.  tSainfton,  C.  L.     Carmona,  Kersal,  Manchester. 
1801.  *Samson,  Henry.     G  St.  Peter Vsquare,  Manchester. 

1894.  JSAMUELSON,    The     Uijrht    lion.    Sir    BEBSTHABD,    Bart.,    F.R.S., 

M.InsU''.E.     60  PrineeA  -}?ate,  S. W. 

1878.  JSanders,  Alfred,  F.L.S.     2  Clarence-place,  Gxavenend ,  Kent. 
1883.  ^Sanderson,    Deputy   Surgeon -General  Alfred.      East   India  United 

Service  Club,  St.  James Vsquare,  S.AV. 
1803.   ISanderson,  F.  AV.,  M.A.     The  School,  Oundle. 
1872.  §SANBERSON,  Sir  J.  S.  BUIIDON,  Hart.,  M.D.,  D.Sc.,  LL.D.,  D.C.L., 

F.R.S.,  F.RS.E.  (PRESIDENT,  18IK3;    Pn^.   D,  1881);  Council 

1877  84),  Regius  Professor   of  Medicine  in  the  University  of 

Oxford.     04  Banbury-road,  Oxford. 

1883.  J  Sanderson,  Lady  Burdon.     <J4  Bnnbury-road,  Oxford. 

tSandes,  Thomas,  A.B.     Sallow  Glin,  Tarbort,  Co.  Kerry. 
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1898.  \  Usher,  Thomas.     3  Elm  grove-road,  Cotham,  Bristol. 
1880.  tUssHER,  W.  A.  E.,  F.G.S.     28  Jenny n-street,  S.W. 

1885.  tVachell,  Charles  Tanfield,  M,D.     38  Charles-street,  Cardiff. 

1896.  |Vacher,  Francis.     7  Shrewsbury-road,  Birkeahead. 

1887,  *  Valentine,  Miss  Anne.     The  Elms,  Hale,  near  Altrinoham. 
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1888.  {Vallentin,  llupert.     18  Kimberley-road,  Falmoulli. 
1884.  {Van  Home,  Sir  W.  C.,  K.O.M.G.    Dorchester-street  West,  Montreal, 
Canada. 

1880.  "Vansittart,  The  Tlon.  Mrs.  A.  A.     Hay  wood  House,  Oaklands-road, 

Bromley,  Kent. 
1808.  JVarley,  Frederick  H.,  F.R.A.S.    Mildmay  Park  Works,  Mildmny- 

a venue,  Stoke  Nowinjrton,  N. 

1865.  *VARLEr,  S.  ALFRED.   Arrow  Works,  Jackson  Ivoad,  Holloway,  N, 
1870.  1  Varley,  Mrs.  S.  A.     5  Gay  ton-road,  Iluinpstead,  N.  W. 
1800.  JVarwell,  P.     2  Pennsylvania  Park,  Exeter. 
18S4.   JVasey,  Charles.   112  Cambridge-gardens,  W. 

1895.  §Vau&han,  D.  T.  Gwynne.     Howry  Hall,  Llandrindod,  Radnorshire. 

1887.  *VAUGHAN,  His  Imminence  Cardinal.     Carlisle-place,   Westmimstef, 

S.W. 

1875.   \  Vaughan,  Miss.     Burlton  Hall,  Shrewsbury. 
18S3.  tVaughan,  William.     42  Sussex-road,  Southport. 

1881.  §VELTBY,  V.  II.,  M.A.,  F.R.S.,  F.C.S.     20  Bradm  ore-road,  Oxford. 
1873.  *VERNBY,  Sir  EDMUND  II.,  Bart.,  F.R.G.S.  Clay  don  House,  Winslow, 

Bucks. 

1883.  *Verney,  Lady.     Claydon  House,  Winslow,  Bucks. 
1883.  JVERNOX,  If.  1L,  M.D.   (Local  Sec.    18*',).     York-road,  Birkdale, 

Southport. 
1806.  *Vernon,  Thomas  T.     Wyborue  Gate,  Birkdale,  Southport. 

1896.  *  Vernoii,  William.     Teaii  Hurst,  To  an,  Stoke-upon-Trent. 

18(54.  *VICARY,  WILLIAM,  F.G.S.    The  Priory,  Colleton-crescent,  Exeter. 
1800.  *Villamil,  Lieut-Colonel  11.  di>,  U.E.  "  Care  of  Messrs.  Cox  &  Co., 

1C  Charing  Cross,  S.W. 
18DD.   "VINCKNT,    SWALI:,   M.H.      Physiological    Laboratory,    University 

College,  Cardiff. 

1883.  *ViNKHf  SYDNEY  HOWARD,  M.A.,   D.Sc.,  F.R.S.,  F.L.S.  (Pres.  K, 

1000;  Council,  181)4-1)7),  Professor  uf  Botany  in  the  University 
of  Oxford.     I leadington  Hill,  Oxford. 

1891.  \  Vivian,  Stephen.     Llautrisant. 

1886.  *  Wackrill,  Samuel  Thomas,  .T.P.     38  Portland  Street,  Leamington. 

1800.  |\V    :V     "        .  John.  ' •:'.::  f:  Hn:1  .  •.  AVinchcouibe,  Gloucestershire* 
1UOO.  l\\  •  :  .  •  .        .  Dr.  C.  1..     :.'  M  \:\ ••..:.-    Road,  Manninghain,  Brad- 
lord. 

1890.  tWadsworth,  G.  II.     3  Southfield-sq[uare,  Bradford,  Yorkshire. 

1888.  j  Wad  worth,  II.  A.     Breinton  Court,  near  Hereford. 

1890.  §  WAGER,  HVKOLD  W.  T.    Arnold  House,  Bass  Street,  Derby. 
1900.  {Wagtail*,  C.  J.  L.,  RA.     8  Hig-hfield  Place,  Maniiinjrlifuu,  Brad- 
ford. 

189(>.   (  Wailc,*,  Miss  Ellen.      Jlloftdnirftd,  (iroomftritlye,  #/>w.r. 

1801.  fWailos,  '\\  W.     23  llfalimond-road,  ratdiff. 

188«1.    j  Wait,  Charles  K.,  1'rolbssor  of  rhmni.stry  in  the  University  of  Ten* 

nessuc.    Kuoxsillo.  TeniK'^»se«,  U.S.A. 
1 8S(>.   [  Waite,  J .  W.     Tim  Cedars,  1  Jestcot,  Walsall. 
1 870.  j  WAKE,  CHAULKS  Sr ANILAND.    Welton,  near  Brou^h,  Kast  Yorkshire. 

1892.  \Walcot,  John.     50  Nortkum&erlaMl-ttreet,  Edinburgh. 

1884.  jWrtldstein,  Professor  C.,  M.A.,  Ph.D.     King's  College,  Cambridge. 

1891.  f  Wales,  H.  T.     Poutypridd. 

1891.  tWalford,  Edward,  M.D.    Tkaiiet  House,  Cathedral-road,  Carditt. 

T894.  tWALFOBD,  EDWIN  A.,  F.G.S.     West  Bar,  Banbury. 

1882.  *Walkden,  Samuel,  F.R.Met.S.     Downside,  Whitchurcli,  Tavistock. 

1885.  t  Walker,  Mr«  Baiilie.     52  Victoria-street,  Aberdeen. 

1898.  §  Walker,  Alfred  O.,  F.L.S.     Ulconibe  Place,  Maidstone,  Kent. 
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1890.  §  Walker,  A.  Tannett.    The  Elms,  Weetwood,  Leeds. 

1901.  *Walker,  Archibald,  M.A.,  F.I.C.     8  Crown  Terrace,  Glasgow. 
1897.  *WALKER,  B.   E.,  F.G.S.    (Local  Sec.     1897).    Canadian  Bank  of 

Commerce,  Toronto. 

1883.  {Walker,  Mrs.  Emma.     13  Lendal,  York. 
1883.  {Walker,  E.  R.     Pagefield  Ironworks,  Wigan. 

1891.  §  Walker,  Frederick  W.  Tannett.     Carr  Manor,  Meanwood,  Leeds. 
1897.  -{Walker,  George  Blake.     Tankersley  Grange,  near  Barnsley. 
1894.  *WALKER,  G.  T.,  M.A.     Trinity  College,  Cambridge. 

1 866.  {Walker,  H.     Westwood,  Newport,  by  Dundee. 
1896.  {Walker,  Horace.     Belvidere-road,  Prince's  Park,  Liverpool, 
1890.  {Walker,  Dr.  James.     1 9  *-".7*  '  ?.D  -  J. 
,  1894.  *  WALKER,  JAMES,  M.A.          \  Oxford. 

1866.  *WALKER,  J.  FRANCIS,  M.A.,  F.G.S.,  F.L.S.    45  Bootham,  York. 

1886.  *  Walker,  Major  Philip  Biilingsley.     16  Llandaff  Street,  Waverley, 

Sydney,  New  South  Wales. 

1866.  {Walker,  S.  D.     38  Hampden-street,  N>tH— '  .v:. 
1884.  {Walker,  Samuel.     Woodbury,  Sydeiiiiam  lliiJ,  8.E. 
1888.  {Walker,  Sydney  F.     Bloomiield  Crescent.  Bath. 

1887.  {Walker,  T.  A.     15  Great  George-street,  S.W. 
1883.  {Walker,  Thomas  A.     66  Leyland-road,  Southport. 

Walker,  William.     47  Northumberland-street,  Edinburgh. 

1895.  §  WALKER,  WILLIAM  G.,  A.M.Inst.C.E.     47  Victoria-street,  S.W. 

1896.  §Walker,  Colonel  William  Hall,  M.P.     Gateacre,  Liverpool. 

1896.  {Walker,  W.  J.  D.     Lawrence  town,  Co,  Down,  Ireland. 
1883.  {Wall,  Henry.     14  Park-road,  Southport. 

1863.  {WALLACE,    ALFRED    RUSSEL,    D.C.L.,    F.R.S.,   F.L.S.,   F.R.G.S, 
(Pres.  D,  1876;  Council  1870-72).     Corfe  View,    Parkstone, 
-.Dorset. 

1897.  {Wallace,  Chancellor.     Victoria  University,  Toronto,  Canada. 
1892.  {Wallace,  Robert  W.     14  Frederick-street,  Edinburgh. 

1901.  §  Wallace,  James  Sim,  M.D.,  D.Sc.      ISPenrhyn  Road,  Kingston-on- 

Thames. 

1901.  §  Wallace,  Wm.,  M.A.,  M.B.     25  Newton  Place,  Glasgow. 
1887.  *WALLER,  AUGUSTUS  D.,  M.D.,  F.R.S.     Weston  Lodge,  16  Grove 

End-road,  N.W. 

1889.  *Wallis,  Arnold  J.,  M.A.     5  Belvoir-temice,  Cambridge. 
1895.  }  WALLIS,  E.  WHITE,  F.S.S.     Sanitary  Institute,  Pai-ken  Museum, 

Margaret-street,  W. 

1883.  {Wallis,  Rev.  Frederick.     Caius  College,  Cambridge. 

1884.  {Wallis,  Herbert.     Redpath-street,  Montreal,  Canada. 

1886.  {Wallis,  Whitworth,  F.S.A.   Cheveriing,  Montague-road,  Edgbaston, 

Birmingham. 

1894.  *WALMTSLEY,  A.  T.,  M.Inst.C.E.     Engineer's  Office,  Dover  Harbour. 

1887.  {Walmsley,  J.    Monton  Lodge,  Eccles,  Manchester. 

1891.  §  Walmsley,  R.  M.,  D.Sc.     Northampton  Institute,  Olerkonwell,E.C. 

1895.  §WALSINGHAM,  The  Right  Hon.  Lord,  LL.D.,  F.R.S.     Morton  Hall 

Thetford.  ' 

1881.  {Walton.  Thomas,  M.A.     Oliver's  Mount  School,  Scarborou«-h. 
1884.  {Wanless,  John,  M.D.    88  Union-avenue,  Montreal,  Canada.0 
1887.  {WARD,  A.  W.,  M.A.,  Litt.D.     Master  of  Peterhouse,  Cambridge. 
1881.  §Ward,  George,  F.C.S.     Bm'hii;-liam-t<-iT,KV.  Ileadingley,  Leeds 
1879.  {WARD,  II,   MARSHALL,   D.bc.,    F.R.S,,    KL.S.   (Pres.  K,    1897; 
Council  1890-97),  Professor  of  Botany,    University  of  Cam- 
bridge.    New  Museums,  Cambridge. 

1890.  {Ward,  Alderman  John.     Moor  Allerton  House,  Leeds 
1874.  §Ward,  John,  J.P.,  F.S.A.    Lenoxvale,  Belfast. 
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1887.  {WARD,  JOHN,  F.G.S.     23  Stafford-street,  Longton,  Staffordshire. 
1857.  {Ward,  John  S.     Prospect  Hill,  Lisburn,  Ireland. 
1880.  *Ward,  J.  Wesney.     4  Ohepstow  Mansions,  Chepstow  Place,  Bays- 
water,  W. 

1884.  *Ward,  John  William.     Newstead,  Halifax. 
1887.  {Ward,  Thomas.    Brooktield  House,  Northwich. 
1882.  {Ward,  William.     Cleveland  Cottage,  Hill-lane,  Southampton. 
1901.  §Wardlaw,  Alexander.     21  Hamilton  Drive,  Glasgow. 
1867.  {Warden.  Alexander  J.     23  Panmure-street.  Dundee. 
1858.  jWardle,  Sir  Thomas,  RG.S.    St.  Edward-street,  Leek,  Staffordshire. 
1884.  t  Wardwell,  George  J.     31  Grove-street,  Rutland,  Vermont,  U.S.A. 
1887.  *  Waring,  Richard  S.     Standard  Underground  Cable  Co.,  16th-street, 

Pittsburg,  Pennsylvania,  U.S.A. 

1878.  JWAKINGTON,  ROBERT,  F.R.S.,  F.C.S-     High  Bank,  Ilarpenden,  St. 
Albans,  Herts. 

1882.  J  Warner,  F.  /.,  F.L.S.     20  Hyde  Street,  Winchester. 
1884.  *Warner,  James D.     199  Baltic-street,  Brooklyn,  U.S.A. 

1896.  JWarrand,  Major-General,  R.E.     Westhorpe,  Southwell,  Middlesex. 
1875.   \  Warren,  Algernon.     Downr/atef  Portishead. 

1887.  {WARREN,   Lieut.- General   Sir   CHARLES,  R.E.,   K.C.B.,  G.CJVLG., 

F.R.S.,  F.R.G.S.  (Pres.  E,  1887).     Athenaeum  Club,  S.W. 
1898.  tWarrington,  Arthur  W.     University  College,  Aberystwith. 
1893.   [Warwick,  W.  1).     Balderton  House,  Newark-on-Trent. 
1875.  *WATEKHOU8B,  Major-Geuoral   J.     Oak  Lodge,  Court-road,  Eltham. 

Kent. 
1870.  t Waters,  A.  T.  II.,  M.D.     60  Bedford-street,  Liverpool. 

1900.  §  Waters  ton,  David.     16  Merchison  Terrac".  Edinburi/li. 
1892.   jWaterston,  James  H.     37  Luttoti-place,  Kdinbur^ii. 

1875.  (.Watheraton,  Rev.  Alexander  Law,  M. A.,  F.R.A.S.    The  Grammar 

School,  Ilinckley,  Leicestershire. 

1884.  t  Watson,  A.  G.,  ]).O.L.     Uplands,  Wadhurst,  Sussex. 

1901.  §Watsou,    Arnold   Thomas,  F.L.S.      Southwold,  Tapton  Crescent 

Koad,  Sheflield. 

1886.  *\Vatson,  C.    J.      Alton  Cottage,  Botteville  Road,  Acock's  Green, 
Birmingham . 

1883.  t  Watson,  C.  Knight,  M.A.     40  Bedlbrd-square,  W.C. 

1802,  §Watson,  G.,  Assoc.M.Inst.C.K.     lM  Springfield-mount,  Leeds. 

1885.  \  \Vatson,  Deputy  Surgeon-General  G.  A.     Ilendre,  Overtoil  Park, 

Cheltenham. 

1882.  t  WATSON,  Kev.  HENRY  W.,  D.Sc.,  F.RS.     The  Hectory,  Berkeswell, 
Coventry. 

1884.  JWatson,  John.     Queen's  University,  Kinprston,  Ontario,  Canada. 
1889.  tWataon,    John,    F.I.C.      P.O.     Box     817,    Johannesburg,    South 

Africa. 

1863.  t  Watson,  Joseph.     Bensham-grove,  Gateshead. 

1863.  |Watson,  K.  Spence,  LL.D.,  F.H.G.S.     Benshain-grove,  Gateshead. 
1867.   J  Watson,  Thomas  Donald.     10  St.  Mary's-road,  Bayswater,  W. 
3894.  *  WATSON,  W.,  B.Sc.,  F.K.S.     7  Upper  Cheyne-row,  S.W. 
1892.  §Watson,  William,  ]NI.D.     Waverley  House,  Slateford,  Midlothian. 
1879.  *  WATSON,  WiLLiAMllENRY,F.C.S,,  F.G.S.    Steelfield  Hall,  Goaforth, 

Cumberland. 

1884.  ]  Watt,  D.  A.  P.     284  Upper  Siiinl-  \  — 1  »v-  1 .  Montreal,  Canada. 
1901.  §Watt,  Henry  Anderson.     Ardenslate  House,  Kern,  Argyllshire. 
1869.  | Watt,  Rohert  B.  E.     Ashley-avenue,  Belfast. 

1888.  t  WATTS,  B.  II.  (Local  Sec.  1888).     10  Rivera-street,  Bath. 

1876.  *WATTS,  JOHN,  B.A.,  D.Sc.     Merlon  College,  Oxford. 

1884,  *  Watts,  Rev.  Canon  Robert  R.     Stourpaiue  Vicarage,  Blandford. 
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1870.  §  Watts,  William,  F.G.S.     Little  Don   Waterworks,  Langsett,  near 

Penistone. 

1890.  t  Watts,  W.  II.     Elm  Hall,  Wavertroc,  Liverpool. 
1873.  *  WATTS,  W.  MARSHALL,  D.&c.     Giggleswick  Grammar  School,  and 

Garrholme,  Stackbonse,  ne&i  Settle. 
1883.  *WATTS,  W.  W.,  M.A.,  Sec.  G.S.,  Assistant  Professor  of  Geology  in 

the  University,  Birmingham.     Holm  Wood,  Bracebridge  Road 

Sutton  Coalfield. 

1801.  JWaugh,  James.      Higher  Grade  School,  110  Newport-road,  Cardiff. 
1869.  JWay,  Samuel  James.     Adelaide,  South  Australia. 

1883.  J  Webb,  George.     5  Tenterden-street,  Bury,  Lancashire. 

1871.  JWebb,  Richard  M.     72  Grand-parade,  Brighton. 

1890.  J  Webb,  Sidney.     4  Fark-nllaye  East,  N.  If. 

1886.  JWBBBEK,  Major-General  C.  E.,  C.B.,  M.Inst.C.E.  17  Egerton- 
gardens,  S.W. 

1891 .  §  Webber,  Thomas.     The  Laurels,  83  Newport  Road,  Penarth,  Cardiff. 
1859.  f  Webster,  John.     Edgehill,  Aberdeen. 

1884.  *Wedekind,  Dr.  Ludwig,    Professor  of  Mathematics  at  Karlsruhe. 

Jahnstrasse  6,  Karlsruhe. 

1889.  t  Weeks,  John  G.     iH-dlinarton. 

1890.  *  WEISS,  F.  EKNEST,  B.Sc.,  F.L.S.,  Professor  of  Botany  in    Owens 

College,  Manchester. 

1886.  }  Weiss,  Henry.     Westbourne-road,  Birmingham. 
1865.  J  Welch,    Christopher,    M.A.      United    University   Club,  Pall   Mall 

East,  S.W. 

1894.  {Weld,  Miss.     Conal  More,  X   C  ••  :-.  :•  :  •    .  Oxford. 
187(3.  *WELDON,  Professor  W.  F.  R.,  M.A.,  .KU.&.,  F.L.S.  (Pres.  D,  189H). 

The  Museum,  ( )xford. 

1880.  *WeHon,Mrs.     Morton  Lea,  Oxford. 

1897.  {Wei ford,  A.  B.,  M.B.      Woodstock,  Ontario,  Canada. 

1881.  §Wellconie,  Ifenry  S.     Snow  Hill  Buildings,  E.C. 

1879.  §  WELLS,  CHARLES  A.,  A.I.E.E.     219  IlL-ii-ir.  .•(,  Lewe.s 
1881.   §Wells,  llev.  Edward,  M.A.     West  Dean  Hectory,  Salisbury. 
1894.  |Wells,  J.  G.     Selwood  House,  Shobnall-street,  Burton-on-Trent. 
1888.  j Welsh,  Miss.     Girton  College,  Cambridge. 

1881.  *Wenlock,  The  High  t  Hon.  Lord.     Ebcrick  ParK,  Yorkshire. 

Wentworth,  Frederick  W.    T.    Vernon.     Wentworth  Castle,  near 

Barnsley,  Yorkshire. 

J8G4.  *  Were,  Anthony  Berwick.      Iloslyu,  Walland'.s  Park,  L^\M^. 
1886.  ^Wertheiraer,  .lulius,  B.A.,  B.Sc.,  F.C.S.,  Principal  of  and  Professor 

of   Chemistry  in   the   Merchant  Venturers'  Technical  College, 

Bristol. 
186c.   |.  Wesley,  William  Henry.     Royal  Astronomical  Society,  Burlington 

House,  W. 
18o3.  tWest,  Alfred.     Iloldemoas-road,  Hull. 

1898.  [West,  Charles  [).     Imperial  University,  Tokyo,  Japan. 
1853.  "[West,  Leonard.     Summergangs  (Cottage,  Hull. 

1900.  §West,    William,   F.L.S.      20    Woodville   Terrace,    Horton   Lane, 

Bradford. 
1897.  tWestern,  Alfred  E.     30  IM:  •  -'•  >.-.!.-.  W. 

1882.  *Westlake,  Ernest,  F.G.S.     Vale   Lodge,  Vale  of  Health,  Hamp- 

stead,  N.W.  l 

1 882.  t Westlake,  Richard.     Portswood,  Southampton. 

1882.  tWETHEKED,  EDWARD  B.,  F.G.S.  4  St.  Margaret Vterrace,  Chelten- 
ham. ' 

1900.  §\Vethey,  E.  l^.,  M.A.,  F.K.G.S.  5  Cutiliffe  Villas,  Mauningham, 
Bradford. 
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1886.  *WHAKTON,  Admiral  Sir  W.  J.  L.,  K.C.B.,  R.N.,  F.R.S.,  F.R.A.S., 
F.R.G.S.  (Pres.  E,  1H94;  Council  1890  9J),  Hydrographer 
to  the  Admiralty.  Florys,  Prince'vS-road,  Wimbledon  Park, 
Surrey. 

1853.  -|  Wheatley,  E.  B.     Cote  Wall,  Mirfield,  Yorkshire. 

1884.  JWheeler,  Claude  L.,  M.I).  251  West  SSnd-street.  New  York  City, 
U.S.A. 

1878.  *Wheeler,  W.  H.,  M.Inst.C.E.     Wyncote,  Boston,  Lincolnshire. 
1888.  §Whelen,  John  Leman.     18  Frognal,  Hampstead,  N.  W. 

1883.  J  Whelpton,  Mitw  K.     Newnham  College,  Cambridge. 

1893.  *WHETHAM,  W.  C.  D.,  M.A.,  F.R.S.     Trinhy  Ooltego,  Cambridge. 

1888.  *Whidborne,  Miss  Alice  Maria.     Charaute,  Torquay. 

1888.  *Whidborne,  Miss  Constance  Mary.     Charante,  Torquay. 

1879.  *WHIDBORNE,   Rev.  GEORGE  FEUTUS,  M.A.,   F.G.S.     The  Priory, 

Westbury-on-Trym,  near  Bristol. 

1898.  *Whipple,  Robert  S.     Scientific  Instrument  Company,  Cambridge. 
1874.  JWhitaker,  Henry,  M.I).     Fortwilliain  Terrace,  Belfast. 

1883.  *Whitaker,  T.     "\Valton  House,  Burley-in-Wliarfednle. 

1859.  *WHITAKKR,  WILLIAM,  B.A.,  F.R.S.,  F.Q.S.  (Pres.  C,  1895; 
Council  1*90-96.)  Freda,  Cauipden-voad,  Croydon. 

1884.  fWhitcher,   Arthur   Henry.       Dominion    Lands    Olfice,  Winnipeg, 

Canada. 
188G.  \  VVhitcombe,  E.  B.     Borough  Asylum,  Winson  Green,  Birmingham. 

1897.  tWhitcombe,  George.     The  Wotton  Elms,  Wotton,  Gloucester. 

1880.  |  White,  Alderman,  J.P.     Sir  Ilarry's-road,  Edgbaston,  Birmingham. 

1876.  iwrhite,  Angus.     Easdale,  Argyllshire. 

1886.   | White,  A.  Silva.     47  Clanncarde-gardensr  W. 

1898.  j  White,  George.     Clare-street  House,  Jkistol. 
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1883.  *YOUNG,  SYDNEY,  D.Sc.,  F.R.S.,  Professor  of  Chemistry  in  University 
College,  Bristol.     10  Windsor-terrace,  Clifton,  Bristol. 

1887.  J Young,  Sydney.     29  Mark-lane,  E.C. 

1890.  t Young,  T.  Graham,  F.R.S.E.     Westfield,  West  Calder,  Scotland. 
1901.  §  Young,  William  Andrew.     Milburu  House,  Renfrew. 
1868.  ^Youngs,  John.     Richmond  Hill,  Norwich. 

1886.  JZair,  George.     Arden  Grange,  Solihull,  Birmiugham. 
1886.  {Zair,  John.     Merle  Lodge,  Xloseley,  Birmingham. 
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1887.  Professor  Cleveland  Abbe.  Weather  Bureau,  Department  of  Agri- 
culture, Washington,  D.C,,  U.S.A. 

1892.  Professor  Svantc  Arrhenius.  The  University,  Stockholm.  (Bergs- 
gatan  18). 

1881.  Professor  G.  I\  Barker.      300$),  Locust-street,  Philadelphia,  U.S.A, 

1807.  Professor  Carl  Barns.     Brown  University,  Pro\idence,  R.I. ,  U.S.A. 

1894.  Professor  F.  Beilstein.     8th  Line,  No.  17,  St.  Petersburg. 

1894.  Professor  K.  van  Beneden.     50  quai  des  Pecheurs,  Liege,  Belgium. 

1887.  Professor  A.  Beruthsen,  Ph.D.     Mannheim,  L  11,  4,  Germany. 

1892.  Professor  M.  Bertrand.     75  ruo  de  Vaugirard,  Paris. 

1894.  Deputy  Surgeon-General  J.  S.  Hillings.  40  Lafayette  Place,  New 
York,  U.S.A. 

1893.  Professor  Christian  Bohr.     Bredgndo  02,  Copenhagen,  Denmark. 
1880.  Professor  Ludwig  Boltzniann.     1X/I.  Turkeiistrasse,  3,  Vienna. 
1887.  Professor  Lewis   Boss.      Dudley  Observatory,  Albany,  New  York, 

U.S.A. 
1884.  Professor  IT.  P.  Bowditch,  M.D.     Harvard  Medical  School,  Boston, 

Massachusetts,  U.S.A. 
1890.  Professor  Dr.  L.  Brentano.     Friedrichstra?»se  11.  Munchen. 

1893.  Professor  Dr.  W.  C.  Brogger.     Universitets  M  ineralogHke  Institute, 

Kristiania,  Norway. 

1887.  Professor  J.  W,  Briihl/    Heidelberg. 
1884.  Professor  George  J.  Brush.       Vale  University,  New  Haven,  Conn., 

U.S.A. 

1894.  Professor  D.  H.  Campbell.     Stanford  University,  Palo  Alto,  Cali- 

fornia, U.S.A. 

1897.  M.  C.  de  Candolle.     3  Cour  de  St.  Pierre,  Geneva,  Switzerland. 
1887.  Professor  G.  Capellini.     05  Via  Xamboni,  Bologna,  Italy. 
1887.  Hofrath  Dr.  H.  Caro.     C.  8,  No.  U,  Mannheim. 
1894.  Emile  Cartailhac.     5  Hue  de  la  Chaine,  Toulouse,  France. 
1861.  Professor  Dr.  J.  Victor  Cams.     Universitiitstrasse  15,  Leipzig. 
1901.  Professor  T.  C.  Chamborlin.      Cliioago,  U.S.A. 
1894.  Dr.  A.  Ohauveau.     Rue  Cuvier  7,  Paris. 
1887.  F.    W.   Clarke.      United    States   Geological    Survey,   Washington, 

U.S.A. 

1873.  Professor  Guido  Cora.     Via  Goito  2,  Rome. 
1880.  Professor  Cornu.     Rue  de  Grenelle  9,  Paris,  VP  arr. 
1870.  J.  M.  Crafts,  M.D,     ISJKcole  <lt«  Mines,  Parts. 
1876.  Professor  Luigi  Cremona.     6  Piazza  S.  Pietro  in  Vincoli,  Rome. 
1889.  W.  II.  Ball.     United  States  Geological  Survey,  Washington,  D.C., 

U.S.A. 
1001,  Dr.  Yves  Deiage.    Paris. 
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1872.  Professor  G.  Dewalque.     17  rue  de  la  Pai.v,  Li^ge,  Belgium. 
1870.  Dr.  Anton  Dohrn,  D.C.L.     Naples. 

1800.  Professor  V.  Dwelshauvers-Dery.     4  Quai  Marcellis,  Lioge,  Belgium. 
1876.  Professor  Alberto  Eccher.     Florence. 
1894.  Professor  Dr.  AV.  Einthoven.     Leiden,  Netherlands. 
1892.  Professor  F.  Elfving.     Helsingfors,  Finland. 
1901.  Professor  H.  Elster,  Wolfenbiittel,  Germany. 
1894.  Professor  T.  AV.  AV.  Engelmann,  D.C.L.     Neue  Wilhelmslra^so  15, 

Berlin,  N.AV. 

1892.  Professor  Le*o  Errera.     38  Hue  de  la  Loi,  Brussels. 
1901.  Professor  AV.  G.  Farlow.     Harvard,  U.S.A. 
1874.  Dr.  AV.  Feddersen.     Oarolinenstrasse  9,  Leipzig. 
]88C.  Dr.  Otto  Finsch.     Leiden,  Netherlands. 
1887.  Professor  Dr.  R.  Fittig.     Strassburg. 

1894.  Professor  Wilhelm  Foerster,  D.C.L.     Encke  Platz  3A,  Berlin,S.AV.  48. 
1872.  W.  de  Fonvielle.     60  Rue  des  Abbesses,  Paris. 
1901.  Professor  A.  P.  N.  Franchiraont.     Leiden. 

1894.  Professor  Leon  Fredencq.     Hue  de  Pitteurs  20,  Liege,  Belgium. 
1887.  Professor  Dr.  Anton  Fritsch.     CO  Wenzelsplatz,  Pin.-'u*.  Bohemia. 
1892.  Professor  Dr,  Gustav  Fritsch.     Dorotheen  Strasse,  •''."».  U-ilin. 
1881.  Professor  C.  M.  Gariel.     6  rue  Edouard  Detaille,  Paris. 

1866.  Dr.  Gaudry.     7  bis  rue  des  Saints  Pere,«,  Paris. 
1901.  Professor  Dr.  Geitel,  AVolfenbuttel,  Germany. 

1884.  Professor  J.  AVillard  Gibbs.     Yale  University,  New  Haven,  Conn., 

U.S.A. 

1884.  Professor  AVolcott  Gibbs.     Newport,  Rhode  Island,  U.S.A. 
1889.  G.  K.  Gilbert.     United  States  Geological  Survey,  Washington,  D.C., 

U.S,A. 

1892.  Daniel  C.  Oilman.     Johns  Hopkins  University,  Baltimore,  U.S.A. 
1870.  AVilliam  Gilpin.    Denver,  Colorado,  U.S.A. 
1889.  Professor  Gustavo  Gilson.     1'Universite,  Louvain,  Belgium. 
1889.  A.  Gobert.     222  Chausse*e  do  Charleroi,  Brussels. 
1884.  General  A.  AV.  Greely,  LL.l).    AVar  Department,  AVashington,  U.S.A. 

1892.  Dr.  C.  E.  Guillaume.     Bureau  International  des  Poids  et  Mesures, 

Pavilion  de  Breteuil,  Sovren. 
1876.  Professor  Ernst  Haeckel.     Jena. 
1881.  Dr.  Edwin  H.  Hall.     37  Gorham-street,  Cambridge,  Mass.,  U.S.A. 

1895.  Professor  Dr.  Ernil  Chr.  Hansen.     C'arlsberg  Laboratorium,  Copen* 

hagen,  Denmark. 
1887.  Fr.  von  Hefner-Alteneck.    Berlin. 

1893.  Professor  Paul  Heger.     Hue  de  Drapiers  23,  Brussels. 

1894.  Professor  Ludimar  Hermann.     Universitat,  Konigaberg,  Prussia. 
1893.  Professor  Richard  Hertwig.     Zoologisohes  Institut,  Alto  Akademie, 

Munich. 

1893.  Professor  Ilildebrand.     Stockholm. 

1897.  Dr.  G.  AV.  Hill.     West  Nyack,  N.Y.,  U.S.A. 

1887.  Professor  W.  His.     Koiiigstrasse  22,  Leipzig. 

1881.  Professor  A.  A.  W.  Hubrecht,  LL.D.,  O.M.Z.S.  The  University, 
Utrecht,  Netherlands. 

1887.  Dr.  Oliver  AV.  Huntington.     Cloyne  House,  Newport,  R.  I.,  U.S.A. 

1884.  Professor  C.  Loring  Jackson.  6  Boy  Is  ton  Hall,  Cambridge,  Mas- 
sachusetts, U.S.A. 

1867.  Dr.  J.  Janssen,  LL.D.     L'Observatoire,  Mcudon,  Seine-et-Oise. 
1876.  Dr.   W.  J.  Janssen.     Arilla   Frisia,   Aroza,   Graubiinden,   Switzer- 
land. 

1881.  W.  Woolsey  Johnson,  Professor  of  Mathematics  in  the  United  States 
Naval  Academy.  32  East  Preston  Street,  Baltimore,  U.S.A. 


CORRESPONDING   MEMBERS.  109 


Year  of 
Election. 


1887.  Profrssor  C.  Julin.     153  rue  de  Pragnee,  Liege. 
187C.  Dr.  Giuseppe  Jung.     9  Via  Borgonuovo,  Milan. 


.-,   Phvsikalisch- 

Reichsanstalt,  Churlottenburg,  Berlin. 
1850.  Professor  A.  von  Kolliker.     Wiirzburg,  Bavaria. 
1804.  Professor  J.  Kollmann.     St.  Jokann  88,  Basel,  Swit/erland. 
1887.  Professor  Dr.   Arthur  Konig.     Physiological   lust'Uite,  The   Uni- 
versity, Berlin,  N.W. 

1804.  Maxime  Kovalevsky.     Beatiiieii-snr-Mer,  Alpes-Maritlmes. 
1887.  Professor  W.  Krause.    K nc  .ebeckst rasse,  17/Tr  Charlotltnbunr,   bei 

Berlin. 
1877.  Dr.  Hugo  Kronecker,  Professor  of  Physiology.     Universitat,  Bern, 

Switzerland. 

1887.  Professor  A.  L:i(l<>nburir.     Kaiser  VVilhelm  Sir.  108,  Breslau. 
1887.  Professor   J.    \V.    Langley.      77    Cornell   Street,   Cleveland,  Ohio, 

U.S.A. 
1882.  Dr.  S.  P.  Lanirlcv,  D.C.L.,  Secretary  of  the  Smithsonian  Institution. 

AV;,-:,i.  „•   L.  U.S.A. 
1887.  Dr.  IT  •  i  -,  I '  :•.»:'.•  >-  -r  of  Chemistry  at  the  Stevens  Institute,  Iloboken, 

New  Jersey,  U.S.A. 

1872.  M.  Georges  Lemoine.     76  Hue  Notre  Dame  des  Changes,  Paris. 
1001.  Professor  Philipp.     Lenard,  Kiel. 
1887.  Professor  A.  Lieben.     IX.  \Vasagasse  0,  Vienna. 
188*'].  Dr.  F.  Lindemann.     Franz- Josefstrasse  12/1,  Munich. 
1877.  Dr.  M.  Lindemann.     Sennorrstra^e  (32,  LI,  Dresden. 
1887.  Professor  Dr.  Georg  Lunge.     Universitat ,  Zurich. 
1871.  Professor  Jacob  Liiroth.    Mo/art>trasse  10,  and  Universitut ,  Freiburg- 

in-Breisgau,  Germany. 

1801.  Dr.  Otto  Maas.     \Yurzerstrnsse  11),  Munich. 

3887.  Dr.  Henry  O.  McCook.     a,7(X)  (Chestnut-street,  Philadelphia,  U.S.A. 
1807.  Professor  Mannheim.     1  Boulevard  Deaus£jour,  Paris. 
1887.   Dr.  O.  A.  Martins.     Voes  Strasse  8,  Berlin',  AV. 

1800.  Professor  E.  Mascart,  Membre  de  Flnatitut.     176  rue  de  rUniversite", 

Paris. 

1887.  Professor  D.  J.  MeudeUfefl',  D.C.L.     t'mversiti',  St.  Petersburg. 
1887.  Professor  N.  Monschutldn.     St.  Petersburg. 

1884.  1'rofussor  Albert  A.  Micholson.     The  University,  Chicago,  U.S.A. 
1887.  Dr.  (.harlesSedgwick  Minot.     Boston,  Massachusetts,  U.S.A. 

1801.  Professor  G.  Mittag-Leiller.     Djuv.sholm,  Stockholm. 

l^Oo.  Professor  H.  Mois«an.     Tlie  Sorbonni*,  Paris  (7  Uue  Vauquelin). 
1877.  Professor  V.  L.  Moissenet.     4  Boulevard  Ganibettu,  Chaumout,  lite. 

Mar ne,  Franco. 

1804.  Dr.  Edmund  von  Mojsiaovic?*.     Strohgasse  2(>,  Vienna,  111/;}. 
1807.  Professor  Oskar  Moutelius.     St.  Puul-gatim  ]],  Stockholm,  Sweden, 
1804.  Dr.  Arnold  Moritz.     The  University,  Dorpat,  Russia. 
1807.  Professor  E.  W.  Morlcy,  LL.I).     \delbert  College,  Cleveland,  Ohio, 

U.S.A. 

1887.  E.  S.  Morse.     Peabody  Academy  of  Science,  Salem,  Mass.,  U.S.A. 
1889.  Dr.  F.  Nanaeu.      Lysaker,  Norway. 
1894.  Professor    R.    Nasini.     Istituto  Chimico  delU  Universitrt,  Padova, 

Italy. 

1864.  Dr.  G.  Neumayer.    Deutsche  Seewarte,  Hamburg. 
1884.  Professor    Simon    Newcomb.     1H-JO    P.-street,    Washington,    D.C« 

U.S.A. 
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1887.  Professor  Emilio  Noeking.     Muhlkausen,  Elsass,  Germany* 
1894.  Professor  II.  F.  Osborn.     Columbia  College,  New  York,  U.S.A. 

1894.  Baron  Osten-Sacken.     Heidelberg. 

1890.  Professor  W.  Ostwald.     Linnostrasse  2,  Leipzig. 

1889.  Professor  A.  S.  Packard.      Brown  University,  Providence,  Rhode 

Island,  U.S.A. 

1890.  Mafleo  Pantaleoni.     20  Route  do  ^1  -^  ..        .  Geneva. 

1895.  Professor  F.  Paschen.     Univursitjit,  Tubingen. 

1887.  Dr.  Pauli.     F-vV:  •  r.:-1  :••'.--,•  49,  Frankfurt  a.  M.,  Germany. 

1901.  Professor  A.  PencK.     V  lenna. 

1890.  Professor  Otto  Pettersson.     Stocklioms  Hogskola,  Stockholm. 

1894.  Professor  W.  Pfeffer,  D.C.L.      Linnostrasse  11,  Leipzig. 

1870.  Professor  Felix  Plateau.     152  Chaussee  de  Courtrai,  Gand,  Belgium, 
1884.  Major  J.  W.  Powell,   Director   of   the    Geological  Survey  of  the 

United    States.      ];533    F.    Street,   N.W.,"  Washington.  D.C., 

U.S.A. 

1886.  Professor  F.  W.  Putnam.     Harvard  University,  Cambridge,  Massa- 

chusetts, U.S.A. 

1887.  Professor  Georg  Quiiicke.     llauptstrasse  47,  Friedericlisbau,  Heidel- 

berg. 

18G8.  L.   Radlkofer,  Professor  of  Botany  in    the   University  of  Munich. 
Sonnenstrasse  7. 

1895.  Professor  Ira  Remsen.  Johns  Hopkins  University,  Baltimore,  U.S.A. 

1880.  Rev.  A.  Renard.     0  Rue  du  Roger,  Gand,  Belgium. 

1897.  Professor  Dr.  C.  Richet.     15  Rue  de  FUniversito,  Paris,  France. 

1873.  Professor  Baron  von  Richthofen.     Kurfurstenstrasse  117,  Berlin,  W. 

1896.  Dr.  van  Rijckevorsel.     Parklaan  7,  Rotterdam,  Netherlands. 
1892.  Professor  Rosenthal,  M.D.     Erlanpren,  Bavaria. 

1890.  A.  Lawrence  Rotch.  Blii(3  Hill  ( )bser\  atory,  Readvillo,  Massachusetts, 

U.S.A. 
1895.  Professsr    Karl  Runge.      Kaiser  Wilhelinatrasse  5,  Kirchrode,    bei 

Hannover. 

1901.  Gen.-Major  Rykatchew.     St.  IVt.M^buiy. 
1894.  Professor  P.  H.  Schoute.     The  University,  Groningim,  Nelherianda. 

1883.  Dr.  Ernst  Schroder.     GottCMancrstrass'j  9,  KarLsruht;  in  Baden. 

1874.  Dr.  G.  Schweinfurth.     Potsdamerstras.se  75 A,  Berlin. 
1807.  Professor  \V.  B.  Scott.     Princeton,  N.J.,  U.S.A. 
1873.  Dr.  A.  Shnfarik.     Viuolirady  422,  Prague. 

1892.  Dr.    Maurits   Snellen,  Chief  Director  of  the  Royal  Meteorological 

Institute  of  the  Netherlands,  de  Bilt,  near  Utrecht. 

1887.  Professor  H.  Graf  Solms.     Bot.  Garttm,  ^  M-.l-::-.-. 

1887.  Ernest  Solvay.     25  Rue  du  Prince  Albert,  Brussels. 

1888.  Dr.  Alfred  Springer.     ol2  East  2nd  St.,  Cincinnati,  Ohio,  U.S.A. 

1889.  Professor  G.  Stelanescu.     Strada  Verde  8,  Bucharent,  Roumania. 

1881.  Dr.  Cyparissos  Stephanos.     The  University,  Athens. 
1894.  Professor  E.  StrasLurger.     rJ'he  University,  Honn. 
1881.  Professor  Dr.  Rudolf  Sturm.     Prunkelplutz  9,  Breslau. 

1884.  Professor   Robert  H.   rrhurston.     Cornell  University,   Ithaca,  New 

York,  U.S.A. 

1887.  Dr.  T.  M.  Trcub.     Buitenzorg,  Java. 

1887.  Professor  John  Trowbridge.  ^Harvard  University,  Cambridge,  Massa- 
chusetts, U.S.A. 

Arminius  Vambery,  Professor  of  Oriental  F.:1.1 .-  .  _<•*  in  the  University 
of  Pesth,  Hungary. 

1890.  Professor  Dr.  J.  H.  vaii't  Holt'    Uhlandstraase  ^,  Charlottenburg, 

lierlin. 
1889.  Wladiinir  Vernadbky.      Mineralugical  Muueuui,  Moscow. 
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1886.  Professor  Jules  Vuylsteke.     21  rue  Beliiard,  Brussels.  Belgium. 

1887.  Professor  II.  F.  Weber.    Zurich. 

1887.  Professor  Dr.  Leonhard  Weber.     Moltke  Strasse  00,  Kiel. 

1887.  Professor  August  Weisniann.    Fn»ibiivjr-iii-Bn''i>iT!m,  Baden. 

1887.  Dr.  H.  C.  White.     Athens,  Georgia,  U.S.A. 

1881.  Professor  II.  M.  Whitney.    Branford,  Conn.,  U.S.A. 

1887.  Professor  K  Wiedemann.     Erlangen.     [C/o  T.  A.  Barih,  Johanms* 

gasse,  Leipzig.] 
1887.  Professor  Dr.  II.  Wiedersheiin.  Ilansastrasae  3,  Freibuvg-im-Breifrgau, 

Baden. 

1887.  Professor  Dr.  J.  Wislicenus.     LiiOiiy-l  :•».*•*•  18,  Leip«p\ 
1887.  Dr.  Otto  N.  Witt.     21  Siegmundshof,  Berlin,  N.W.     2:5. 
1876.  Professor  Adolph  Wiillner.     Aui-eliiisatrasse  9,  Aachen, 
1887.  Professor  C.  A.  Young.    Princeton  College,  New  Jersey,  U.S.A. 
1896.  Professor  E.  Zneharias.     Botnaischer  Garten,  Hamburg. 
1887.  Professor  F.  Zirkel.     Thalstrasse  33,  Leipzig. 
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LIST   OF  SOCIETIES   AND   PUBLIC   INSTITUTIONS 

TO   WHICH   A   COPY   OF   THE    REPORT  IS   PRESENTED. 


GREAT  BRITAIN  AND  IRELAND. 


Belfast,  Queen's  College. 
Birmingham,  Midland  Institute. 
Bradford,  Philosophical  Society. 
Brighton  Public  Library. 
Bristol  Naturalists'  Society. 

,  The  Museum. 

Cambridge  Philosophical  Society. 
Cardiff',  University  College. 
Corn  wall,  Royal  Geological  Society  of. 
Dublin,  Gi'-iloi!  it'll!  Survey  of  Ireland. 
Royal  College  of  Surgeons  in 


Ireland. 
Royal 


Geological  Society   of 


Ireland. 

,  Royal  Irish  Academy. 

,  Royal  Society  of. 

Dundee,  University  College. 
Edinburgh.  Royal  Society  of. 

• ,  Royal  Medical  Society  of. 

,  Scottish  Society  of  Arts. 

Exeter,  Albert  Memorial  Museum. 
Glasgow  Philosophical  Society. 
,  Institution    of   Engineers    and 

Shipbuilders  in  Scotland. 
Leeds,  Institute  of  Science. 
,  Philosophical  and  Literary 

Society  of. 
Liverpool,  Free  Public  Library. 

9  Royal  Institution. 

London,  Admiralty,  Library  of  the. 

. ,  Anthropological  Institute. 

,  Arts,  Society  of. 

,  Chemical  Society. 

,  Civil  V '  •-'".--'-    Institution  of. 

,  East  1    :     1 .  s  ary. 

,  Geological  Society. 

.  Geology,  Museum  of  Practical, 

28  Jermyn  Street. 

,  Greenwich,  Royal  Observatory. 

,  Guildhall,  Library, 

,  Kew  Observatory. 

,  King's  College. 


London,  Linnean  Society. 

,  London  Institution. 

,  Mechanical   Engineers,   Institu- 
tion of. 

,  Physical  Society. 

-,  Meteorological  Office. 


,  Royal  Asiatic  Society. 

,  Royal  Astronomical  Society. 

,  Royal  College  of  Physicians. 

,  Royal  College  of  Surgeons. 

,  Royal      Engineers1      Institute, 

Chatham. 


,  Royal  Geographical  Society. 

,  I  loyal  Institution. 

,  Royal  Meteorological  Society. 

,  Royal  Society. 

,  Uoval  Statistical  Societv. 


,  Sanitary  Institute. 

,  United  Service  Institution. 

,  University  College. 

,  War  Office,  Library. 

,  Zoological  Society. 

Manchester  Literary  and  Philosophical 
Society. 

,  Mechanics'  Institute. 

Newcastle- upon -Tyne,   Literary   and 
Philosophical  Society. 

,  Public  Library. 

Norwich,  The  Free  Library. 
Nottingham,  The  Free  Library. 
Oxford,  AHhmolcan  Society. 

,  Jliiilcliile  Observatory. 

Plymouth  Institution. 

,  Marine  Biological  Association. 

Salford,  Royal  Museum  and  Library. 
Sheffield,  university  College. 
Southampton,  Hartley  Institution. 
Stony  hurst  College  Observatory. 
Swansea,  Royal  Institution  of  South 

^  Wales. 

Yorkshire  Philosophical  Society. 
The  Corresponding  Societies. 
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EUROPE. 


Berlin Die  Kaiserliche  Aka- 

demie  der  Wissen- 

schaften. 

Bonn    University  Library. 

Brussels  Roval    Academy    of 

Sciences. 

Charkow Universiiy  Library. 

Coiinbra  Meteorological       Ob- 

servator\T. 
Copenhagen    ...Royal       Society      of 

Sciences. 
Dorpat,  Russia.. .University  Library. 

Dresden    Royal  Museum. 

Frankfort     Natural  History    So- 
ciety. 
Geneva Natural  History  So- 

ci-  ty. 

Gottingen    University  Library. 

Grutz    Naturwissenschaft - 

licher  Verein. 
Italle    Le<  >poldini sch-C aro- 

linische  Akadeuiie. 
Harlem    8ocie"te*      Hollandaistt 

des  Sciences. 

Heidelberg University  Library. 

1  lelsingfors University  Library . 

Jena Unix ersity  Library. 

Kazan,  Russia  ...University  Library. 

Kiel Royal  Observatory. 

Kiev University  Library. 

Lausanne The  University. 

Ley  den    University  Library. 

Liege    University  Library . 

Lisbon Acodemiii     Real  *  des 

Science*. 


Mian    The  Institute. 

Moden  a    Royal  Academy. 

Moscow  Society  of  Naturalist*. 

University  Library. 

Munich    University  Library. 

Naples Royal  Academy  of 

Sciences. 

Nieolaieff University  Library. 

Paris  A  ssociation  Francaise 

pour  1'Avancement 
des  Sciences. 

Geographical  Society. 

Geological  Society. 

Royal    Academy     of 

Sciences. 

r-     School  of  Mines. 

Pulton  a    Imperial  Observatory. 

Rome  Accademia  dei  Lincei. 

d -''i-j '.  .  Romano. 

Society. 

Italian      Society     of 

Sciences. 
St.  Petersburg  .  University  Library. 

1  mperial  Observatory. 

Stockholm  Roy al  Academy. 

Turin    Royal     Academy    of 

Sciences. 

Utrecht    University  Library. 

Vienna The  Imperial  Library. 

Central     Anstalt    fur 

Mi'!i»uio].»jK-      und 


Zurich General  Swiss  Society. 


ASIA. 


Agra    The  College. 

Bombay  Elpbinstone     Institu- 
tion. 
Grant     Medical    Col- 


lege. 

Calcutta  Asiatic  Society. 

•         Hooghly  College. 


Calcutta Medical  Colleare. 


Presidency  College. 

( 'eyloii The  Museum, Colombo, 

Madras The  Observatory. 

University  Library. 

Tokyo  Imperial  University. 


AFRICA. 


Cape  of  Good  Hope  .     .     .  The  Royal  Observatory. 
1901.  H 
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AMERICA. 


Albany  ., 
Amherst  ., 
Baltimore 


Boston 

California 
Cambridge 
Chicago    . . . 


Kingston  . 
Manitoba 

Mexico 

Missouri  , 
Montreal  , 


..The  Institute. 

..The  Observatory. 

..Johns   Hopkins  Uni- 
versity. 

, .American  Academy  of 
Arts  and  Sciences. 

..The  University. 

..Lick  Observatory. 

. .  Harvard     University 
Library. 

..American         Medical 
Association. 

..Field  Columbian  Mu- 
seum. 

..Queen's  University. 

..Historical  and  Scien- 
tific Society. 

.  ..Sociedad     Cientifica 
'  Antonio  Alzate,' 

..Botanical  Garden. 

..Council  of  Arts  and 
Manufactures. 

. .  Me  Gill  Uni  ver  si  ty . 


New  York American    Society    of 

Civil  Engineers. 

Lyceum     of     Natural 

History. 

Ottawa Geological    Survey    of 

Canada. 

Philadelphia.. .American  Philosophical 
Society. 

Franklin  Institute. 

Toronto     The  Observatory. 

The     Canadian     Insti- 

tute. 

The  University. 

Washington  ...Bureau  of  Ethnology. 

Smithsonian       I  n  sti  tu- 

tion. 

The  Naval  Observatory. 

United    States    Geolo- 

gical Survey  of    the 

Territories. 

Library  of  Congress. 

Bna rd  of  Agriculture. 


AUSTRALIA. 

Adelaide  ....  The  Colonial  Government. 

....  Ti:«j  Royal  Geographical  Society. 

Brisbane  ....  Queensland  Museum. 
Sydney     ....  Public  Works  Department. 

....  Australian  Museum. 

Tasmania ....  Royal  Society. 

Victoria    ....  The  Colonial  Government. 


NEW  ZEALAND. 

Canterbury  Museum. 
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